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GENERAL

The low carbon members of the straight 18-8 austenjtic
stainless steel {family are produced in two grades. Type
304 with 0.08 percent maximum carbon and Type 304L
with 0.03 percent maximum carbor. They have proper-
ties similar to those of Type 302 but thefr corrosien re-
sistance is slightly higher because of the lower carbon
and the increased chromium and nicket contents. The
susceptibility of these steels to intergranular corrosion
decreases considerahly with decreasing carben content,
although long exposure to elevated temperatures may even
sensitize Type 304L. The normal nitrogen content for
Type 304 is 0,04 percent. Increasing the nitrogen to be-
tween 0,10 and 0.16 percent is a4 means of increasing the
strength and creep rupture properties of Type 304. This
higher nitregen version is referred to as Type 304N.
Types 304 and 304L are available in all common wrought
forms and also as castings under the designations of CF-8
and CF-3. respectively. The wrought formrs possess
very good formability and the steels can be readily welded
by all common methods.

Commercial Designations
Wrought: Type 304, Type 304L and Type 304N.

Cast: CF-8 and CF-3,

Alternate Designations
Low earbon 18-85 stainless steels. AISI Type 304 and

Type 3041 austenitie stainless steels.

Specifications
Table 1.03.

Composition
AMS compositions, Table 1.041.

AISI and ACI compositions, Table 1.042.

Heat Treatment

Anneal or solution treat. 1800 to 18950F, 30 minutes to

1 hour per inch thickness, 2 hours miniroum for plate,
air cool or quench depending on section size. Cooling to
800F maximum ghould be within 3 minutes.

Sheet and tubing. 1900 t¢ 1930F, 10 minutes, air cool up
to 0.064 inch thickness, water quench ¢.065 and thicker.
Castings (AMS 5370, 5371). 1950 to 2050F, 30 minutes
mindmwn, air cool.

Stress relief (sec also 1.09).

To improve elastic characteristics of cold rolled sheet or
cokd drawn bar. 650 to 800F, 4 to § hours.

Casting (AMS 5370). 400 to 750F, 1/2 to 2 kours, air
cool {14).

Hardness

Hardress of annealed alloy is8 RB 75-90 and BHN 135-185
(15).

Typical bardness for alloy of different forms and condi-
tions (see Table 3.0212),

Effect of time and temperature of exposure on room tem-
perature hardness of alloy, Figure 1.083.

Effect of low temperature on hardness of bar, Figure
1.064.

Effect of test temperature on hot hardness, Figure 1.065.

Forms and Conditions Available

The steel is available in the full corgsmercial range of
sizes for all wrought forms common for stainless steels.
These forms are generally available in the annealed, cold
worked or eold worked and stress relieved conditions.
Sand and centrifugal castings are available up to 6000 Ib
in the annealed condition.

Melting and Casting Practice
Electrie furnace air melts and induction vacuum melts.

Castability, fluidity, shrinkage and resistance to hot
tearing characteristics are excellent (14).

Specizl Considerations
{see also 2.03).

Intergranular eorrosion after welding or heating may
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eceur in Type 304, but usually not in Type 304L.

Stress corrosion cracking may occur in hot dilute chloride
sofutions.

The normal nitrogren content for Type 304 is 0.04 per-
cent. I[ncreasing the nitrogen content to herween 0.10 and

Fe

Low C

0.16 percent results in an increase in sirength properties 19 CI'

in the temperature range of room temperature to 1200F
(Table 3.03138).

10 Ni

The higher nitrogen material is designated as Type 304N,
Higher creep and ¢reep rupture properties are alse ox-
hibited at temperatures ranging from 1050 to 1500F for
Type 304K (Table 3.046). Ductility of Type 304N, as
measured by elongzation and reduction, is not adversely
affected at testing temperatures up t6 1100F (43). At
cryogenic temperatures the yield strength of Type 304N
is superior to that of Type 304, whereas the tensile and
toughness properties of Type 304N are similar to those
of Type 304, see Table 1.093 for typical values.

Helium reduces the Tupture life of Type 30¢ (see Figure
3.047).

FHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties
Melting range. 2530 to 2650F,

Phase changes.

Time-temperature-transformation diagrams.

These steels are subject to carbide precipitation at §00
to 1600 F,

Cold work will transiorm a small amount of austenite to
ferrite {martensite}.

Thermal conductivity, Figure 2.013.

Thermal expansion, Figure 2.014.

Specific heat, Figure 2.015.

Thermal diffusivity.

Other Physiesl Properties
Density, 0,287 to 0.292 Ib per cu in. 7.94 0 8.07 gr

per cu cm.
Electrical resistivity, Figure 2.022.
Magnetic properties. This stee!l is nonmagnetic in the
annealed condition. Permeability of annealed materials
15 less than 1.02. It becomes slightly magnetic when
severely cold worked, but te a lesser extent than Type
302 and particularly, Type 301.
Effect of cold reduction on magnetic permenbility,
Fgure 2.0231.
The intrinsic saturation magnetization, Bs, is structure
insensitive and depends only on the guantity of the ferro-
magnetic phase e (28). Stress induced transformation
of 5 toooccurs as a function of low temperature defor-
mation thus resulting in an inerease in magnetization,
Figure 2.0232.
Emitiance (Black Body = 1.0) At 80F
~320F

0.08
0,048 (27).
Damping capacity.

Chemical Properties
Corrosion resistance.

General corrosion resistance of these stecls to varicus
atmospheres, most apids, hot petroleum products and
steam and combustion gases is very good.

Intergranular corrosion in Types 304 and 304L when sub-
jected to a nitric=-dichromate solution is associated with
the presence of continuous grain boundary paths of either
second phase or solute-segregated regions. The suscep=
tidility of these types to intergranular corrosion may be
substantially reduced by suitable heat treatments, Table
2.0312,

Intergranular corrosion of Type 304 may occur in cer-
tain corrosive media after ft is welded or otherwise heated
{0 tercperamures between §00 and 1600F. Type 304L will
become sensitized only afier prolonged heating in this
temperature range, but its use over S800F is not recem-
mended because of its relatively low strength, Gomplete
immunity from intergranular corrosion is obtained oaly
in the stabilized types 321 and 347. Effect of carbon con-
tent on corrosion rate, Figure 2.0313.

TYPES

304, 304L
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Type 304 is susceptibic to pitting and creviee attack. In
quiet sea water, cathodic prolection is essential to con-
trol pitting and crevice attack (32). Deep ocean behavior
of Types 304 and 304L varies, but local attack often takes
place, Table 2.0314.

Corrosion rate and attack depth. Resulis of corzosion
rate and maximum depth of attack of shesat in sea water
at a depth of 5600C feet in the Tongue of the Ocean (TOTO)
waters, Bahama Islands, Table 2,0315,

Type 304 is highly resistant to stress corrosion cracking
in a2 moeist environment containing chlorides at room tem-
perature. Types 304 and 304L are susceptible to stress
corrosion in hot dilute chloride solutions. The presence
of oxygen in the solution increaSes the tendency to stress
corrosion. Making the sieels anodic 2ccelerates stress
cracking, while cathodic currents prevent it.

The best corrosien resistance comes from a clean sur-
face free of all organic and metallic contaminants. Such
surfages can be obtained by a thorough degreasing treat-
ment ard = nitri¢ acid rinse (37).

Nitriding significantly increased the resistance to stress
corrosion cracking, Table 2.0318.

Threshold stress {maxiraum stress that will not produce
stress-corrosion cracking or failure in 300 hr) deter-
rained in 0.5N NaCl + 0. 1N NaNos boiling solution for
Type 304, Table 2.0319.

Mechanical properties and threshold siress values, which
were determined in a boiling solution of 0.5N Nall +0.1N
NaNog, for specimens of anncaled sheet which were cold
reduced by various amounts, Table 2.03191.

Onidation resistance of these steels is good up to 1700 F
for continucus service and up to 1600F for intermittent
service,

The prescnce of high pressure hydrogen during loading to
failure leads to a marked reduction in the tensile strength
and ductility of Type 304L at room temperature, This
reduction in strength is dependent upon the state of siress
a1 the roet of the noich, increasing both with increasing
noteh severity and with increasing hydrogen pressure
(36}, (sec Figurcs 2.03211 and 2.03212).

Ultimate tensile and notch strength versus hydrogen pres-
sure [or Type 304L exposed for 24 hr and then pulled 1o
[racture in high pressure hydrogen, Fimure 2.03211,
Percent clongation versus hydrogen pressurc for Type
304L cxposcd for 24 hr and then tested in high pressure
hydrogen, Figure 2.03212.

Nuclear Properties

Austenitic stainless steels, partieularty 304L, 304 and
347 are vsed extensively in nuclear power reactor con-
struction.

Irradiation effects on austenitic stainless steels are gen-
erally the following:

Magmnetic susceptibility 1s increased depending on condi-
tion of material, irradiation variables, suchk as totd

flux ard temperature, and method of measurement, At
avt = 1019 and 400 1o 500F, the susceptibility of Type 304
shows an incrcase in the order of 500 percent, if measur-
ed by the Guoy method,

Changes in mechanieal properties consist of increases in
tensile strength, yield strength and hardness , decrease
in elongation. develepmoent of a yield poiat jog and high
strain rate dependence. At room tcmperature and about
5 x 2019 nvt, the tensile strength of annealed Type 304 is
found 1o increase by approximately 20 percent and the
yield strensth by 200 percent. At 400 to 500F and 1019
ovi. clfects of irradiation are smail.

Austcnitie stainless stegls retair their high impzet
strength afier irradiation in contrast to ferritic stecls
which may become extremely britile because of an in-
crease in the transition temperature.

Austenitie steels exhibit good resistance to iatergranular
corrosion in high purity water containing oxygen at 300 1o
B600F. This also applies to welded parts, including inter-
granular corrosion between different types of the 300
series. Sensitizing of the stcels does not effect this
corrosion resistance.

Type 3L can be used in applications where it is in con-
tact with molten sodium, even though sodium is an excel-
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lent medium for transferring carbon (37).

Tvpe 304 is used with an additional content of up to 2 per-
cent boron for such applications as control rods and
thermoshields because of the high nuclear cross-section
of boron. However, boron increases the susceptibility of
the alloy to radiation damage.

Nitrogen alloyed Type 304 has the advantage of increasing
the strength Level by somewhat more than 10 percent
without degrading the properties for rcactor construetion
(38).

Effect of irradiation below 100C (212F} on yield strength,
Figurc 2.046.

Strain rate dependence of tensile properties for Type 304
at 1300F after irradiation to 3.4 nvt total, Figure 2,.047.
5N curve for irradiated and unirradijated smooth speci-
mens of 304 stainless steel, Figure 2.048.

MECHANICAL PROPERTIES

Specified Mechanical Properties
AMS specified mechanical properties for all products

except tubing, Table 3.011,
AMS specified mechanical properties for tubing, Table
3.012,

Mechanical Properties at Room Temperature

Tension.

Stress-strain diagrams (see 3,0311).

Typical tensile properties for various forms and condi-
tions of alleys, Table 3.0212.

Effect of ¢old rolling on tensile properties of Types 304
and 304L sheet, Figure 3.0213.

Effect of cold rolling at -105F on tensile strength of
sheet, Figure 3.0214.

Effect of exposure to elevated tersperatures on tensile
properties of ¢old rolled sheet, Figure 3.0215.

Effect of expesurc of 10,000 hours to elevated tempera-
wmres on tensile properties of annealed alloy, Figure
3.0216.

Effect of annealing temperature and exposure to elevated
temperaturcs on tensile properties of bar, Figure 3.0217.
Yield strength of Type 304 at room temperawre after aging
l~1/2 hours at the temperatures shown foliowing tensile
deformation at -319F, Figurc 3.0218,

Ultireate tensile strength of Type 304 at room temperaturc
after aging 1-1/2 hours at the temperature shown follow-
ing iensile deformation at =319F, Figure 3.0219.
Elongation of Type 304 at reom temperature after aging
1-1/2 hours at the temperatures shown following tensile
deformation at -319F, Figure 3.02110.

AISI tensile strength range for various sizes of spring
wire, Fimure 3.02111.

Compression,

Stress-strain diagrams.

Impact.

Typical impact properties of annealed plate, aad cold
drawn bar, Table 3.0231,

Bending.

Torsion and shear.

Bearing.

Stress concentration.

Notch properties.

Effect of cold-rolling and test direction on notch sirength
of sheet, Figure 3.0271%.

Effect of stress relief temperamre on sharp noteh sirength
ratio for cold rolled 304L shect, Figure 3.02712,
Fracture oughness.

Combined propertics.

Mechanical Properties at Various Temperzturcs.

Tension.

Stress-strain diagrams.

Stress-strain curves to failure at room and elevated
temperatures. Figure 3.03111.

Stress-strain curves at room and clevated temperatures,
Figure 3.03112.

Stress-strain curves 1i roem and low temperatures,
Figure 3.03113.
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True stress-strain curves at room and elevated tempera-
tures, Figure 3.03114.

True stress-strain curves at room and low tempera-
tares, Figure 3.03115,

Effect of cold reduction on tensile properties.

Effcet of cold rolling on tensile properties of sheet at
room and low temperatures, Figure 3.03121.

Effect of cold reduction on -320F tensile properties of
304L sheet, Figure 3.03122.

Effect of elevated temperatures on tensile properties.
Effect of elevated test temperature on tensile properties
of rolled tubing, Figure 3.03131.

Range of tensile property values at elevated temperatures
for annealed alloy, Figure 3.03132.

Effect of elevated test temperatures on alloy, Figure
3.03133.

Eifect of elevated test temperature on annealed allsy,
Figure 3.03134.

Effect of anneallng and test ternperature on tensile proper-
ties of ¢old drawn bar, Figure 3.03135.

Effeci of elevated temperamre on Zerolled 304 stainless,
Figure 3.03136.

Effect of test temperature on tensile properties of cast-
ings, Figure 3.03137,

Comparison of strength properties of types 304 and 304N
at room and elevated temperatures, Table 3.03138,
Effect of low temperaturce on tensile properties.

Effect of low test temperature on tensile properties of
anncaled alloy, Figure 3.03141.

Effect of low test temperature and straln rate on tensile
properties of cald drawn bar, Figure 3.03142,

Effect of tow test temperature on tensile properties of
cold rolled sheet, Figure 3,03143,

Effect of low test temperature and percent cold reduction
on tensile properties of sheet, Figure 3.03144.

Effect of nitrogen content and test temperature {+80 to
=320F) on the tensile properties of Type 204N, Tahle
3.03145.

Effect of low temperatures on tensile properties of 304
cast stainless steel, Figure 3,03146.

Effect of low temperature on the yield strength to density
ratio, Figure 3.03147.

Effect of iow test temperature on true teasile properties
of alloy, Figure 3.03148.

Compression.

Stress-strain dlapgrams.

Effect of low temperature on compressive yield strength
of alloy, Figure 3.0322.

Impact.

Probable range of Charpy impact properties of annealed
Types 304 and 304L stainless steels, Figure 3.0331.

Effcct of low temperature on impact propertics of
annealed plate and bar, Figare 3.0332.

Low temperature impact properties of Type 304 as 2
function of exposure time, Table 3.0233.

Effect of sensitization heat treatment on Charpy keyhole
impact properties of Types 304 and 304L, Figure 3,0334,
Effect of nitrogen content and test temperature on the
Charpy V-notch impact properties of Type 304N, Table
3.0335.

Bending.

Torsion ard shear,

Bearing.

Stress cenceatration.

Notch properties.

Effect of low temperature on notch sirength of cold rolled
sheet, Figure 3.03711.

Effect of low temperature ¢a the notch and teasile sirength
of cold rolled sheet, Table 3.03712.

Effect of test temperature on notch strength of annealed
plate, Figura 3.03713.

Effect of cold reduction on -320F sharp notch strength of
304L sheet, Figure 3.03714.

Effect ¢f stress relief temperature on sharp notck
strength ratio at «320F for cold rolled 304L sheet, Figure
3.03715.

Fracture toughness.

Combined properties.
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Creep and Crecp Rupture Properties

Creep rupture curves for bar at 1000 to 1800 F, Figure
3.041.

Creep rupture curves for bar at 1200 to 1800F, Figure
3.042.

Creep rupture curves for bar at 800 to 1500F, Figure 19
3.043.
Creep rupture curves for bar at 1050 to 1350F, Figure 10

Low

Fe
C

Cr
Ni

3.044.

Creep rupture curves for Type 304N bar at 1050 to 1500F,
Figure 3.045.

Cormparison of rupture stress of Type 304 and Type

304N as a function to temperature and time, Table 3.046
Effect of helium on ereep rupture of sheet tested in
vacuum at $400F, Figure 3.047.

Short time creep rupture curves for sheet at 1200 o 2000F
Figure 3.048,

Isochronous stress-strain curves for Type 304 ar 1000F,
Figure 3.049

Isochronous stress-strain curves for Type 304 at 1100F,
Figure 3.0410

Isochrontus stress-strain curves for Type 304 at 1200F,
Figure 3.0411

Fatigue Properties
{Sce also Figure 2,048},

Fatigue properties of 1 inch dlameter annealed bar,
Table 3.051.

Results of vibrating beam tests of notched and unnotched
Type 304 bar, Figure 3.052.

S-N curves for notched and smooth sheet as a function
of temperature in the annealed condition, Figure 3. 053.
Fatigue crack propagation rate at R, T. as a function of
stress intensity range for plate, Figure 3.054.

Fatigue crack propagation rate at 1000F as a function of
stress intensity vange for plate, Figure 3.055.

Fatigue crack propagation rate at 1200F as a fungtion of
stress intensity range for plate, Figure 3.058.

Fatigue crack growth rate as a function of stress inten-
sity range and temperature for plate in the annealed
condition, Figure 3.057.

Elastic Properties
Poisson's ratio at room and elevated temperatures,

Figure 3, 061.

Modulus of clasticity.

Modulus of elasticity at room and ¢levated temperatures,
Figure 3.0621.

Modulus of elasticity at room and low temperatures,
Figure 3.0622.

Modulus of rigidity at room and clevated temperatures,
Figure 3.063.

FABRICATION
(See Type 301 also).

Farmabilitv

General. This steel has execllent formability in the
annealed condition, although other straight 18-8 grades
may be preferred for certain operations. It has a low
yield sirength and high strain hardening capacity and re-
quires considerably more power than carbon steels,
Severe forming operations may require intermediate
annecals and a final anpeal immediately after forming
should be applied to prevent stress cracking.

Forging. Starting forging temperature 2300F maximum,
finishing temperature 1500F minimumr. Severe reductions
below 1700F ghould be avoided.

The ¢asting characteristics of this alloy 2re excellent.
Many of the casters usc this composition as a base for
making comparisons of easting characteristics. (Also
see 1.08).

Machining and Grinding
General. Because of their high strain hardening, machin-

ing of austenite stainless steels requires positive feeds,

TYPES
304, 304L
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correctly contoured and sharp tools and ac ample supply
Fe of coolant. While comparison with other material varies
with the operation, Type 304 i{s geacrally rated as posses-
Low C sing 35 to 45 percent of the machinability of Bessemer
19 cr steel serew siock.
4,022 Special measures, such as ¢hip curlers, are required to
10 Ni handle the very long chips formed by these steels.
4.03 Welding
TYPES 4.031 General. This steel can be welded readily by any of the
common welding metheds.

304, 304L .03z Fusion welding of sheet up to 1/8 inch thick is generally
done by the inert gas rungsten arc (TIG) method. The
shielded metal arc welding process is preferred for sheet
over 1/8 inch thick and other products. Type 308 filler
rod and ¢lectrodes are used.

4.033 Some sensitization on welding may cccur in Type 304,
particularly if the metal is over 1/8 inch thick, Type
304L will become susceptible to intergranular corrosion
only if subjected to heating at about 1200F for a long time.

4.04 Heat Treatment

4,941 furnace atmesphere should be neutral or slightly oxidiz—
ing to produce a readily removable scale and to avoid
carburization. Heating with high sulfur fuels should be
avoided.

4.042 Bright annealing is done in a dry hydrogen, cracked
AmMmoniz or argon atreosphere with a dew peint of -80F
madmum,

4,043 Prolonged heating at temperatures in the range of 800 -
1800 F should be avoided because of possible embrittle-
ment and increase in stress corresion sensitivity.

4,05 Surfsce Treatment

4,051 Cleaning prier to heating and welding should include
thorough Temoval of carbonaceows material and of any
pickup of zinc or lead from dies. Contamination from
these sources may reduce the corrosion resistance,
causc embrittlement and susceptibility of intergranular
attack during service or processing.

4,052 Sec 2.0317.

AMS Type Form Military
5370 304L Castings, prec. invest. —
5371 304L Castings, sand —
5513 304 Sheet, Strip, plate (ST) MIL-5-5039
5560D 304 Tubing, seamless (§T) MIL-T-§5306
5565D 304 Tubing, welded (ST) MIL-T-8306
3566D 304 Tubing, hydraulic {CD}) MIL-T-6845
5387 304 Tubing, seamless or welded, | MIL-T-35504
hydraulic (ST}
56394 304 Bar. forgings, tubing (ST) QQ-5-763 ()
3697 304 Wire (ST} {CD) QQ-5-423 {a)
55311A 304L Sheet. strip. ptate (ST) MIL-5-4043 |
56478 a04L | Bar, forging stock, {orgings, | QQ-5-763 (1)
tubing (STY
{2) Federal Specifications
TABLE 1.03 SPECIFICATIONS
coce 1303
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AMS(3)(4)(5)

Source AMS (1)(2) (EXTHBHD) AMS (10)(11)
Type J04L 304 304L

Percent Percent Percent

Min Max Min Max Min Max

Carbon = 0.030 - T.08 - 0.030
Chromium 18.0 21.0 18.00| 20.00 18.00 | 20.00
Copper - 0.5 - 0.50 - -
Manganese 1.00 2.00 - 2.00 - 2.00
Molybdenum - 0.5 - 0.50 - -
Nickel 5.0 11.0 §5.00] 11,00{c)] 8.00 | 11.00
Phosphorus - 0.04 - 0,040 - 0.040
Silicon 0, 75(z)| 1.506{a) - 1.00{d) ] 0.50¢e) 1.00
Sulfur - 0.03(b) - 0.030 - 0.030
Iren Balance Balance Balance
(a) AMS 5371 only, AMS 5370 specified 1.0 percent maximurm only.
(B} AMS 5371 gives 0.04.
(¢) AMS §560D and 5566D gives 12.0,
{d) AMS 5566 gives 0.75.
(e) AMS 5647 only.

TABLE 1.04)

AMS COMPOSITIONS.

Source AISL (12) ACI (13}
Type 304 304L CF 8 CF 3
Percent Percent Percent Percent
Min | Max | Min {Max |Min | Max | Min| Max
Carbon - 0.08 - 0.03 - .06 - G 03
Chromivm | 18.00120.060 18.00420.¢0 [15.0[ 21.0 |18.0]21.0
Manganese - 2.00 - 2.00 - .50 - 1.50
Nickel §.00112.00 §.00012.00 5.0 [ 11.¢ §.0]11.0
Phosphorus | - 0.045 - 0.045 1 - 0.04 - 0.04
Silicon - 1.00 - 1.00 - 2.00 - 2.00
Sulfur - 0.030 - 0.030 | - 0.04 - 0.02
Iron Balance Balance Balance Balance
TABLE 1.042 AISI AND ACI COMPOSITIONS
1560 I
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FeA

Source {27} (43}
Form Bar Fe
Condition Annealed w
Test temp | -320F Fry - ksi Fpy - ksi Ft=lbs (b) Lo c
19 Cr
Type 304 57 220 115(g) 10 Ni
Type 304L 98 220 125
{a) Ref. 27 (b} IE charpy V-notch
TYPES
TABLE 1.093 TYFICAL VALUES OF TENSILE AND TOUGH-
NESS PROPERTIES AT CRYOGENIC TEMPER- 304, 304L
ATURES,
16 .
TYPE 304
[
b
g /
-4 -
g -/
g8 =
=N
E THERMAL CONDUCTIVITY
£ g
-]
—(22)
)
1
%00 0 400 800 1200 1600
TEMP - F
FIG 2.013 THERMAL CONDUCTIVITY (22)(23)
11 T -
TYPE 304 e
-
: . ; //, 1
w1 T
. BT
= .| 2”7 MEAN COEF LINEAR
3 - #"  THERMAL EXPANSION
oy /FROM RT TO TEMP INDICATED
z /
b (24)
2 / —-— (25)
8 / ——-— (26)
-400 o 400 800 1200 1800
TEMP - F
FIG 2,014 THERMAL EXPANSION
{21.p. 22}{24}(23 . p. 6) (26}
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REVISED : MARCH 1973

r 15,000 -
-1 ypE 304 Lo % TYPE 304
Fe | "] <
// <]
Low C 0.12 z
-~ =
19 Cr P & 10,000 »
. Y S e
10 Ni 0.10 + ; /
= /
Q
=
TYPES 3 3 /
~ 0.08 = 5000
304,304l = / g
0.068 / 2
= oL
! SPECIFIC HEAT 0 10 20 30
0.04 f TENSILE STRAIN - PERCENT
Y FIG 2.0232 VARIATION IN THE SATURATION
0.02 MAGNETIZATION AT ROOM TEMP-
/ - (23’ ERATUHE AFTER TENSILE DE-
en FORMATION IN LIQUID NITROGEN
0 | (28)
00 ~200 0 200 4900 600  B0O
TEMP - F
FIG 2.025 SPECIFIC HEAT (23427 Source] [
Form | 0.015 Inch Sheet
Corrosion Medium | Nitrie- Dichromate {after heat treatment)
Type Heat Treatment Cerrosion Rate
50 T mg/fem/he
TYPE 304 / 1920 F-2 hrs-WQ 6.2
1820 F-% hrs- W, 1650 F-2 hrs- W 1.9
182Z0F-2 hrs, cooled to 1660 F within 20
40 L B304 min, 1650F-2 hrs-wQ 6.2
- ! 2370F=-4 hrs, eool to 1110F at cpprox. 36F
= per min, 1110F-1 hr-WQ 6.1
= !" / 2370 F-4 hrs, cool to 165CF at approx, 38F
5 10 " per min, 1650F-1 hr-WQ 6.1
g / < —_— 22 1520 F-2 brs-Wg 5.3
= y -—= zn BO4L [1920F-2 krs-WQ, 1650F-2 hrs-WQ .7
= , 1920F-2 hrs-WQ, 1470F-2 hrs-WQ 3.3
20 4~ 1920 F-2 hrs- W), L110F-2 hrs- Wal 5.9
TABLE 2.0312 INTERGRANULAR CORROSION IN TYPES 304
AND 304L WHEN SUBJECTED TO A NITRIC-
10 DICHROMATE SOLUTION.
-400 0 400 800 1200 1600
TEMP - F
FIG 2.022 ELECTRICAL RESISTIVITY (22)(27) 0.1 r
TYPE 304 »
SENSITIZED
5 . 1200F, 1 HR
TYPE 304
:
g Z 0.01
2 4 s / R
=
3 g .
23
5]
£ 0.00 24 —
@ AT 200 OERSTEDS // CORROSION RATE IN
5 [ /C BOILING 65 PERCENT
Z 2 4 HNO,
= e 3
I,
PRy @ FAILURE L¥ 500 HR
1 0. 0001 ke” L
20 40 60 80 100 o 0.02 0.04 0.06 0.08
COLD REDUCTION - PERCENT CARBON CONTENT - PERCENT
FIG 2.0231 EFFECT OF COLD REDUCTION ON MAGNETIC FIG 2.0313  EFFECT OF CARBON CONTENT ON CORROSION RATE
PERMEABILITY (30) (25,p.273)
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FERROUS ALLOYS

FeA

Source (32, p- 26) Source {33, p.141)
Mloy | Depthia) | Exposure | Grevice attack, mils Local Alloy Type 504 Fe
it. time, davs | Water Muc Corrosion Corrgsion Envirenment 0.5N NaCl - 0.1N NaNoz bolling selution
304 2,340 197 11 slipht | Edge, tunnel Cold reduction | Final sheet Fty | Fau [Threshold stress (a} Low C
5,300 1,064 21 29 | None in water percent thickness, in | (ksi) | (ksi) (usi) 19 c
. tunnel in mud 0 (b) 0.031 40 9 26 r
304l | 2,340 197 5 13 | Tunnel 14.5(c) 0.027 85 11 86(d) 10 Ni
5,300 1,064 27, per- 0 | Severe tunnel 26 _[e) 0.023 114 14 93
forated 35 o) 0.020 134 16 14
{a) Oxygen level at 2, 340 feet is 0. 60 ppm; that at 5,300 fect is (a) See Table 2.0319 for definition. TYPES
about 1. 70 ppm. {b) Values are average of two specimens.
(c) Values are average of four specimens. 304, 304L
TABLE 2.0314 CREVICE ATTACK IN QUIET SEA WATER {d} Approximate value.
TABLE 2.03191 MECHANICAL PROPERTIES AND THRESHOLD
STRESS VALUES.
Source {33,p.13)
Alloy Type 304
Form 0.064 inch sheet
Avg, corrosion rate Maximum
Mils per vear {MPY) Depth of attack {MILS}
Condition 111 days | 1050 days 111 days | 1050 days
Annealed ¢ 1™ 0.24 27 | 63(a) TYPE 304L
12) Localized penetration by cOrTOS5iOR 0.306 IN DIA BAR 1
TABLE 2.0315 CORROSION RATE AND ATTACK DEPTH a9, 0—'—%@
N
120 |- 0.306
-1
ol DAR, iam
25 KSI, Hy NQTCH
10 KSI, Hy e
100 |- s
B SMOOTH B4
Source {34, p.8) z' 90 H ::::
Alloy Type 304 = o
Form 0.047 in dia wire £ 50 5o
Testing Condition | Boiling MgClz (42 percent-310F) at 60, 000 psi
Hent Treatment Specimen No. Tirne of Test 10
A} Anncaled in argon 1 Failed after 6.5 hours g
1hr. at 1832F 2 Failed aflter 14,0 hours
3 Failed alter 9.2 hours FIG 2.03211 ULTIMATE TENSILE AND NOTCH STRENGTH VERSUS
B) Treated as in (A) 4 Failed aftar 5.0 hours HYDROGEN PRESSURE FOR TYPE 304L EXPOSED FOR
then amneated in ) Failed aftar 8.7 hours 24HR AND THEN PULLED TO FRACTURE IN HIGH
hydrogen 3 hr at 1380F 3 Fasled ailor 6,5 hours PRESSURE HYDROGEN (36,p244)
C) Treated a5 in {A) 7 Unbroken after 85 hours
then nitrided in ] Unbroken aftexr 95 hours
5 percent NHy-Hp 9 Unbroken after 93 hours
3 hr at 1380F
TABLE 2.0315 NITRIDING SIGNIFICANTLY INCREASED THE
RESISTANCE TO STRESS CORROSION CRACKING
TYPE 3(4L
100 SEE FIG 2.03211 FOR
D AR, 1Atm RESPECTIVE SPECIMEN
ds ksl Hy DIMENSIONS
Source {35, p.141) 10 K5I, Hp
Alloy Type 304
Corrosion Environment | 6,58 NaCl + 0.1N NaNoz Boiling Solution SMOOTH NOTCE
Sheet Threshold Stress (a) ; i
Condition Thickness | Fpy | Fpy [Rsl Percent o @ 50 -
in. ksi | ksi Fiy 2
Cold rolled(b) 0.044 149 166 Ed 36 E
Cold roiled(by 0.030 1335 157 149 111
Annealed(b) 0.031 40 91 26 63(¢)
(a) Threshold stress is the maximum stress that will not produce
stress corrosion cracking or fajlure in 300 hrs.
(b) As received condition, values average of two specimens. 0
(¢} Approximate value.
FIG 2.03212 PERCENT ELONGATION VEASUS HYDROGEN PRES-
TABLE 2.0319 THRESHOLD STRESS DETERMINED IN 0.5N SURE FOR TYPE 304L EXPOSED FOR 24HR AND
NaCl + 0.iN NaNop BOILING SOLUTION FOR THEN TESTED IN HIGH PRESSURE HYDROGEN
TYPE 304. {36, p244)
cooe 1303
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FeA

FERROUS ALLOYS REVISED : MARCH 1973
100 T 50
Fe TYPE 304 L TYPE 304
40 }— ANN —_
Low C Fry /!
50 = /
¥ 36 =t
19 Cr | : -—
10 Ni 3 / / E 20
1 60 &
9 x
TYPES z L~ o |— e - 108
L 4 23]
304, 304L / 0 ¢ o 5
)
40 104 10-3 102 1071 @
/ INITIAL STRAIN RATE PER MIN
20 FIG 2.047 STRAIN RATE DEPENDENCE OF TENSILE PROPERTIES
0 2 E‘* 6 & FOR TYPE 304 AT 1300F AFTER IRRADIATION TG
INTEGRATED NEUTRON 3.4 X 1022 NVT TOTAL (49, pl0)
FLUX (1 Mev), 10+ nvt
FIG 2,045 EFFECT QF IRRADIATION BELOW 100G
(212F) ON YIELD STRENGTH (39)
200 r
TYPE 304
.
R
160 @® AS-REC CONTROLS —
& TRRAD PROCESS TUBE SPEC
70 TO 140F
8 x 1019 sLow
120 1 x 107 FasT
N
&
=
80 g5
o] 4
[ Y
40|-© EXTER LOOP CONTROL
& IRRAD LOOP SPEC
540F
3 x 102¢ sLow
o 6§ x 1018 FAST
10 10t 108 106 107
NUMBER OF CYCLES
FIG. 2.048 S-N CURVE FOR IRRADIATED AND
UNIRRADIATED SMOOTH SPECIMENS
OF STAINLESS STEEL. 39
Souree AMS 3y | ams ) [amso| ams) [ amsie) | amsoe | ams gy
Alloy Type 304 Type 304L
Form Sheet, strip. Bar Tube | Wire |Castings, | Castings |Sheet, strip, Bar
plate invest. sand _plate
Condition 5T ST ST ST ST 5T ST
< > < >
Thickness - in - 0.75|0.795 | - - - - - 0.75]0.75
Fqy - min - ks1 - - - - L2 - - - - -
max -~ ksi 100 - - - 125 - - 100 - -
e(2 in)=-min-percent 40 - - - 35 - - 40 - -
Hardness
BHN-min - 170 {140 | - - - - - 170 {140
max - 255 {241 § - - - 170 - 255 | 241
RB - min - - - - - - - - - -
max - - - - - 85 - - - -
TABLE 3.011 AMS SPECIFIED MECHANICAL PROPERTIES
cooce 1303
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100 -
TYPE 304
ANN
———
20 - Fry
60
EXPOSURE - 10,000 HR
= TESTED AT AT
o
40
- —
20 Fry
100
50 ——
Re | ¢
I
2 40
£ 30 -
a *-— - $
e
40
0 RT 800 900 1000 1100 1200

EXPOSURE TEMP - F

FIG 3.0216 EFFECT OF EXPOSURE OF 10, 00¢ EQURS TO
ELEVATED TEMPERATURES ON TENSILE

PROPERTIES OF ANNEALED ALLOY (17
1
TYPE 304
100 |1 IN BAR
.
»
- 4 et
.y Fry
80 !
®2000F, WQ, GS 2 TO 5
AL700F, AC, GS 8
7 TESTED AT RT
60 : i
EXPOSURE TIME ~~1000 HR
20 !
)
20 .
3 —3
] H
£
Z40
Sso o
S } o —o
—a
(2 IN)
4
s 00 1000 1200 1400 1600

EXPCOSURE TEMP - F

FIG, 3,9217 EFFECT OF ANNEALING TEMPERATURE
AND EXPOSURE TO ELEVATED TEMPERA-
TURES ON TENSILE PROPERTIES OF BAR.

(26)

FERROUS ALLOYS

Fpy (0.1 PERCENT) - KSI

FIG 3.0218

FeA

Fe
Low C
19 Cr
10 Ni

TYPES
304, 304L

TYPE 304 ' '
250 | 0.030 INCH SHEET
ANNEALED

24 PERCENT STRAIN

20 PERCENT
STRAIN

150 7 1 } -
15 PERCENT \

STRAIN

e
100 | :

10 PERCENT
STRAIN

.-..\r—.\.
® 4 PERCENT

STRAIN

5¢ | @ Foq OF ANNEALED TYPE —
204 AT BT

] i 1 1 ! |

0 200 400 400 800 1000
AGING TEMP -~ F

YIELD STRENGTH OF TYPE 304 AT
ROOM TEMPERATURE AFTER AGING

1 1/2 HOURS AT THE TEMPERATURES
SHOWN FOLLOWING TENSILE DE~
FORMATION AT -318F. {29, p 1588)

NOTE: ALL SPECIMENS STRAINED

14 AND 20 PERCENT (EXCEPT 932F
SPECIMEN FOR 20 PERCENT STRAIN)
BROKE QUTSIDE OF 2 INCH GAGE
MARKS. THIS APPLIES FOR THE TEN-
SILE DATA IN FIGS. 3.0218 AND 3.0218,
AND ACCOUNTS FOR THE ABSENCE

OF 14 AND 20 PERCENT ELONG, CURVES
IN FIG, 3.02110.
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FeA

Fe
C

Cr
Ni

Low
19
10

TYPE 304 '
| 0.30 INCH SHEET

ANNEALED PERCENT

STRAIN

\zo

TYPES
304, 304L

100

g F1y OF ANNEALED
TYPE 304 AT RT

| 1]

50
0

FIG 3.0219

FIG §.02110

cope 1303
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400 600 800
AGING TEMP - F

200 1000

ULTIMATE TENSILE STRENGTH
OF TYPE 304 AT ROOM TEMP-
ERATURE AFTER AGING 1 1/2
HOURS AT THE TEMPERATURES
SHOWN FOLLOWING TENSILE
DEFORMATION AT -319F.

(29, p 1588)
SEE NOTE OX FIG 3.0213

TYPE 304
0.030 INCH SHEET - ANN

& - e OF ANN SHEET
| ]

'J_"I ——'L

4 PERCENT STRAIN

|
e(2m) /
—
35 PERCENT STRAIN

1] 200 400 600 800 1000
AGING TEMP - F

-
<

R
<

PERCENT

g
<

10

ELONGATION OF TYPE 304 AT
ROOM TEMPERATURE AFTER
AGING 1 1/2 HOURS AT THE
TEMPERATURES SHOWN FOL-
LOWING TENSILE DEFORMATION
AT -319F. {29, p15g§)
SEE NOTE OX FIG 3.0218

FERROUS ALLOYS

REVISED : MARCH 1573

360 I TypE 304

7? SPRING WIRE
320 \%’\
280 ?\
4D,
TU

5 240 ~/
a N

- M\

189 \

120
0. 006

0.010 Q.020 0.040 0.1

DIAMETER ~ IN

FIG 3.02111 AISI TENSILE STRENGTH RANGE FOR VARIOUS SIZES
OF SPRING WIRE (12)

(12)
Type 304

Source
Alloy
Form Plate. bar
Condition Ann
Thickness - in -
Impact Strength
Tzod-ft-lb

Bar
CD to high tensile strength
1-1/2

110 90

TYPICAL IMPACT PROPERTIES OF
ANNEALED PLATE AND COLD DRAWN
BAR.

TABLE 3.0231

i
TYZE 304
200 |-0- 063 IN SHEET

K81

S0

1]
REDUCTION - PERCENT

40

EFFECT OF COLD ROLLING AND TEST
DIRECTION ON NOTCH STRENGTH OF
SHEET (42}

FiG 3.02711
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FERROUS ALLOYS

FeA

Fe
tow C
19 Cr
Source AMS (4)(5){(7) | AMS (6} | ams s | ams 10 Ni
Alloy Type 304
Form Tubing, seamless or welded Tubing, hydraulic Tubing, meechanical TYPES
Condition ST CD ST
Outside dia - In < 0158 >0. 188 to 0.500 > 0.500 0.188_ ] = 0.250 - - 304, 304L
Wall thickness-in S 0.016 >0.016 |$0.010 20.010 [£0.010{2) | >0.010 | 2 0.016 AL - -
Fiy = min - ksl - - - - - - 95 105 - -
max - ksl 115 100 110 100 100 100 130 140 - -
Fiy - min - ksl 30{b)c) 30(b) - 30(b) - 30(p) §0 75 - -
max - ksi - - - - - - 40 11¢ - -
le(2in)=min-percent
Tube 35 40 37 10 32 35(d) 25 20 - -
Strip - - 32() 35(a) 27 30(e) - - - -
[Hardness
RE-min - - - - - - - - - 75
roax - - - - - - - - S 8o 90
{z) AMS 5567 not included.
(b) AMS 5587 only.
¢) Tubes having a wall thickness 0,010 inch and under, the yield strength need not to be determined.
(d) 40 kst for AMS 5567.
(e) 35 ksi for AMS 5567.
TABLE 3.012 AMS SPECIFIED MECHANICAL PROFPERTIES FOR TUBING
Searce {16} | 12
Alloy Type 304
Form Sheet(@}) Sheet,| Plate, Bar Wire Sheet | Ann
strip bar Strip
Condition Ann Ann Ann ] Ann + CD | CDto high | Amn I Soft Hard [Spring | Amn | Amn
tensile temper| temper] temper
Thickness - in <0.118 [20.118 - - 1 7/8 {1-1.2 0.062 to 0.500 0.062 to - -
0.307
Fpy - ksi 78 78 85 83 100 125 | 110 |105to | 125to | 160 to | 260 to T3 75
20 100 140 170
F[y = ksi 29 25 35 30 80 a5 15 35 0w | 125t - 28 28
60 105
e (2 in) - percent - - 30 80 45 25 60 55 to 40 to 20 to 50 30
&0 43 25
[RA - percent 53 535 - 70 - - - 63 65 55 - - -
Hardness
BHN - - - 150 212 277 | 240 - - - - - 140
RB 90 90 80 - - ~ -~ 83 95 - - 70 -
RC - - - - - - - - - 33 - - -
Impact sirength
izod ft-1b - 90 man| - 110 - - 40 - - - - - -
{&8) Minimum vatues
TABLE 3.0212 TYPICAL TENSILE PROPERTIES FOR VARIOUS FORMS AND CONDITIONS OF ALLOYS.
cooe 1303
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200 .
SHEET
Fe ANN + CR
Low C ]
160 /‘
19 Cr
10 Ni
7120 '//I Fry
P
TYPES '
=l
304, 304L F
80 I 160
/' r
® TYPE 304
40 . ® TYPE 304L - 120
TY
B
4
¢ 80 *
™
I
Y]
g 4
50 )
Y
Z 30
[}
= e (2 )
-
. 4
0 2
0 10 20 30 40 30 50
REDUCTION - PERCENT
FIG 3.0213 EFFECT OF COLD ROLLING ON TENSILE PROPERTIES
OF TYPES 304 AND 304L SHEET (A1)
TYPE 304
240 | 0.063 TN SHEET o
CR 70 PERCENT
AVG 24 TO 72 HR oOi"e
Fry 0
R @]
200 O S 8
r * e |Fry
TYPE 304 7
250 |0- 125 IN SHEET J 2 8/‘
7 IROLLING TEMP - 105F 160 L \
200 /
120
e L
g 150 ot
> i % ‘
100 E e(2IN)
30 e - S g
0 20 40 &0 0 200 400 600 500 1000 1200
REDUCTION BY ROLLING - PERCENT TEMP - F
FIG. 3.0214 EFFECT OF COLD ROLLING FIG 3.0215  EFFECT OF EXPOSURE TO ELEVATED TEMPERATURES
AT -105F ON TENSILE ON TENSILE PROPERTIES OF COLD ROLLED SHEET
STRENGTH OF SHEET. (41) (42)
cone 1303
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FERROUS ALLOYS

FeA

E1.2 ; T T 280 T
5 TYPE 304L TYPE 304 (LOW C) ~423F F
z 0,063 IN SHEET 60 PERCENT CR 0.750 IN DIA BAR e
= STRESS RELIEF 24 OR 72 HRS ANN Low C
51.0 = 240 A
i L —452F 19 Cr
[ 7] .
E 0.8 A M 10 N|
=
& / 200
= / TYPES
=0.6
5 / 304, 304L
fa & 180 -320F
= T 8 ¥
r(;;' 0.4 - / /—~\
= -110F
[
: wo|
3 = I
“o.2 /
2
= o1
3 FOR SPECIMEN SEE FIG. 3.02711 P RT
0 | f | I ] 80 ;
0 200 400 800 800 1000 \
STRESS RELIEF TEMP- F
FIG. 3.02712 EFFECT OF STRESS RELIEF TEMPERATURE 0 .16 0.3z D.45 0.64 0.50
ON SHARF NOTCH STRENGTH RATIO FOR STRAIN - IN PER IN
COLD ROLLED a304L SHEET. (73, fig. 14)
FIG 3.03113  STRESS - STRADY CURVES AT ROOM AND LOW
TEMPERATURES {44)
TYPE 304
80 /_\\
50 Z ‘/-—YBODF \
7\ I
RT
/ b
= 40 |
400F)
20
¢
0 0.2 0.4 0.8 0.8
STRAIN - IN PER IN
FIG 3.03111 STRESS - STRAIN CURVES TO FAILURE AT
ROOM AND ELEVATED TEMPERATURES
(23)
60 T
TYPE 34 TYPE 304
0.525 [N DIA BAR T0F
P
- 200 | ANN =
40
") #100 // SCoF
. o 400F = 80 =l !
g |1 §00F 2 g0 - j/ == [1200F
20 b e S00F = “ L —T 4
e—— Z — 1500F
W
e ’/_,._-——‘_——'/
= 20
[+ -
[
¢ 10
0 0.004 0.008 0.012 0.016 0.001 0.01 0.1 1.0
STRAIN - IN PERIN TRUE STRAIN
FIG 3.03112  STRESS - STRAIN CURVES AT ROOM AND FIG 3.03114 TRUE STRESS - STRAIN CURVES AT ROOM AND
ELEVATED TEMPERATURES (23) ELEVATED TEMPERATURES (45}
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- ‘ ’ . . 320
A B 0 005 % SAEET |
0.500 IN DIA BAR .
Llow C ANK |
30 4528 TEST TEMP 280
19 Cr » o
.
10 Ni 440 e & -320F ) 4 =
200 / W ASF r 240 ¥
Foprs ]
TYPES / /,/.M}V/ - U 5
|3
304,304L =0 —~ //
| o40F 4 /e 200
g 320 ; | e = /1
' i
200 ﬁ: / 250 160
] > P v
t 240 !/
W e
2 o
9,
€ 200 . 240
RT
160 - /
} E200
120 - .
4 &= Fry
50
i 150 r 4
,
40 ; !
i ' - 4
, | 18
2TV
0 0.2 0.4 06 06 2.0 b2 L4 1.6 1.8 . S
TRUE STRAIN P ,\.
FIG 3.031:5 TRUE STRESS - STRAIN CURVES AT ROOM AND LOW g 20
TEMPERATURES {46) =
[
9
o 20 40 60 80
REDUCTION BY ROLLING - PERCENT
FIG 2.03:121  EFFECT OF COLD ROLLING ON TENSILE
PROPERTIES OF SHEET AT ROOM AND
200 : LOW TEMPERATURES (48)
TYPE 304L
0,063 IN SHEE
250
Fory
7]
4
200 —
Fry
eae -T
c0o -L
1300 |
-320F
=
=100
£%90
A —— |
a2
g \‘4.\:2(2!.\')
308 ———— 3
20
40 50 60 70 S0
COLD REDUCTION, PERCENT
FIG 3.03122 EFFECT OF COLD REDUCTION OF
-320F TENSILE PROPERTIES OF
304L SHEET 73y
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PERCENT

REVISED: MARCH 1973 FERROUS ALLOYS
90 v
TYPE 304
TUBING Fe
1350F, WQ
0 Qh Ltow C
% 19 oCr
10 Ni
70
TYPES
304, 304L
80
~ 0D, WALL, T
a (IN) (IN} GS PROCESS
® 5.766 1.030 3/5 HOT ROLLED
50 |— & 5.563 0.528 5/6 ROTO ROLLED
W 5.500 1.000 4/5 HOT ROLLED
® 4.500 0,650 5/6 ROTO ROLLED
10
EACH POINT AVG OF 2 TESTS
30
Fry
20
: 120
TYPE 304
ANN
10
120 10¢
80 RA
60 bh\ 100 80
\Q [
-]
Fry
80 80 @'
10 ,
0 200 400 600 800 1000 1200 =
TEMP - F &
: g 60 40
FIG 3.03131 EFFECT OF ELEVATED TEST TEMPERATURE ON ;
TENSILE PROPERTIES OF ROLLED TUBING (49} >
£ /
0 20
P
Foy
20
80 0
o(21N)
9
=
: Yz T %000
53 j
2 40 4
™
20
L
0
0 100 80D 1200 1600 1500
TEMP - F
FIG 3.03132  RANGE OF TENSILE PROPERTY VALUES AT
ELEVATED TEMPERATURES FOR ANNEALED
ALLOY (50)
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FERROUS ALLOYS

'I"YPE 304

Fe ‘\
g0 ——q\\ -
Low C \ U
—
19 Cr \
. 60
10 Ni ® ANN \_\“m‘\-
B & (LOW C) ANN, §/8 IN PLATE
g m (LOW C) ANN,+ STRESS RELIEF
TYPES 50 16002 HR. AC
304, 304L "%
F.
» P TY|
\:m
0
80
o RA
e -
3] ﬁ=’
w 60
& ——k\l&m
w [ Teed
0 200 £00 600 800 1000
TEMP - F
FIG 3.03133  EFFECT OF ELEVATED TEST TEMPERATURE
ON ALLOY (51)
100 :
TYPE 304
ANN
80 k
\ ® (32)
A7)
Fry
60
®
10 N,
[ w-\
20 -._‘
|
-A.___,.__
0 $-3—p
“ ¥/
- 3 /
£ 60 e
= o
. \\ \\\k:/b
G
- \ e\\‘
40 — ] __‘__;.
20
0 300 300 1200 1600 2000 4
TEMP - F
FIG 3.03134 EFFECT OF ELEVATED TEST TEMPERATURE OX
ANNEALED ALLOY (17){52)
coeoe 1303
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T ' TYPE 304
11N BAR
CD 13 PERCENT BEFORE ANN
80 —Q\ \_
\““-.—-_
|
50 s
Fry \T{%
7
F4
40 |—&
K\\
2 i e—
Fry ’ 3
g — s
> )
80 RA
)% o
40 - — e(2 IN) 150 &
ARETENP G m%zﬁﬁﬁ“ .
@ 1750 5/9 z
O 2050 3/5 05
& 2200 271 &
a 200 400 §00 200 1000 1200
TEMP - F
FIG 3.03135 EFFECT OF ANNEALING AND TEST TEMPERATURE ON
TENSILE PROPERTIES OF COLD DRAWK BAR (53}
400 : ; T
TYPE 304
50 PERCENT C.R. AT = 105F
350 \
" \\
Fry \
250
%
x
200
150 \
100
0 200 400 500 800 1000 1200
TEMP - F

FIG. 3.03136 EFFECT OF ELEVATED TEMPERATURES ON ZEROLLED
304 STAINLESS. {54)
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FERROUS ALLOYS

FeA

80 T
TYPE 304 Source {43) Fe
et e
ANN ndition neg! - r - WQia
60 Type 304() 304N{c) Low C
_ \ Fru Testp‘l‘emp Fty - kst Fiy - Ksi Ty - kst Fry - ksi 19 CI'
("]
* AT 31.0-34.5]80 5-88.0 | w0 1-w.3(86.7-507] |10 Ni
200 28.5 - 33.1[69.1-72.1 | 33,2 -34.4 [77.6 - §0.1
40 0 3.5 26.0 |61.5- 65.0 | 26.2- 28 4 |60.4- 73.0
G0 1.0 - 24.1161.0- 64.5 | 22.4- 24.5 |66.5 - 7L.0 TYPES
800 9.5 - 22.1 |59.0 - 64.0 | 21.0 - 24.6 |66.0 - 68.8
1000 T 71542 se1 | e 2]z ] 304, 304L
20 . 1200 17.5- 18.1 |42.8-51.1 | 17.9- 18,9 [51.6 - 54.5
F e ] Specimens annealed in biank form and finish machined to 0. 250
TY in dia tension bars.
i (b) Range oI strength values for s nitrogen range ef 0.064 - 8,006
¢ percent
80 J
; . L . {c) Range of strength values for a nitrogen range of 0.12 - 0.16
E RA ® percent.
‘5" 40 ‘\ﬂ-—; TABLE 3.03138 COMPARISON OF STRENGTH PROPERTIES OF
hd TYPES 304 AND 304N AT ROOM AND ELEVA-
& (z I TED TEMPERATURES.
Q
0 400 200 1200 1600
TEMP - F
FIG.3:03137 EFFECT OF TEST TEMPERATURE ON
TENSILE PROFERTIES OF CASTINGS
(55)
280 T
TYPE 304
ANN
240 i / / i N
3 /)
2
200 \%’5\
160
®0.5 IN DIA BAR (56)
ABAR (46) %‘
120 |- @0.75 IN PLATE (57) %
80
L
49 \\t:!“ — 4_;‘—
FTY - x E ]
T,
= RA
B
<]
R i
IRREESI
e (2 IN)
i}
400 -300 -200 -100 0 100
TEMP - F
FIG 3.03141 EFFECT QF LOW TEST TEMPERATURE ON TENSILE
PROPERTIES OF ANNEALED ALLOY (46)(36)(57)
cove 1303
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Fe . TYPE 304
280 BAR, CD -
Low C ANN 1950F, 2 HR
19 Cr
10 Ni| *
TYPES _ \ Fru
B200 X
304, 304L ° CROSSHEAD RATE
s & 0.005
= mo.02 } IN/MIN
160 L ®@0.2 L
120 O, 803
80 = 'qq‘lﬂ
100
Z w0 RA
=
o e
E 60 —e:!___ /:‘ e (1IN} 'l—'/
40 J—
20 200 300 200 ~100 ] 100
TEMP - F

FIG 3.03142 EFFECT OF LOW TEST TEMPERATURE AND STRAIN RATE
ON TENSILE PROPERTIES OF COLD DRAWN BAR
(58}

TYPE 304 {LOW C)
0.012 IN SHEET;
50 PERCENT CR

300

HRNS

AN
220 \\

180

A A

el

»

J/ .q/./ ;

RS

\%

Fry

DN
\\

40

RRVZIRNY

N L‘\'h——
e (2 —

PERCENT

00 -300 ~200 -100 [+] 100
TEMP - F

FIG 3.03143 EFFECT OF TEST TEMPERATURE ON TENSILE
PROPERTIES OF COLD ROLLED SHEET (59)
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FeA

FERROUS ALLQOYS

v 220 v
[ Bl TYPE s0aL |00 TYPE 304
PERCENT CR N CAST Fe
o NT C
\ 20 Jz0 180 N Low C
" 60 0.063 IN SHEET 19 c
\\ 70 r
'\ 70 0.031 IN SHEET \ 10 Ni
140 ¥
U
o TYPES
-’
\ 304, 304L
320 100 < '
‘ &
g g -
200 1% 8w
1
=)
] % £ ,,_.-_—.}\
3 F
T 240 | 20 TY e
AN 70
?- ~
i \ 60 /LL\
200 50 //RA \1—
= 40 A
.. z (4
160 288
2
°‘,~,0 /-—0\
/ e (2 ) \
2
148 a0 r'd
= I~ 20
w 9’/‘ S————=== | -300 200 -100 0 100
= 20 . R TEMP - F
g2 /E’ T L
A s N FIG 3.03146 EFFECT OF LOW TEMPERATURES ON TENSILE
O T v xSl Wl L- - . X PROPERTIES OF 304 CAST STAINLESS STEEL
o LAY L4 - {60}
-400 -300 -200 -100 0 100
TEMP - F
FIG 3.03144 EFFECT OF LOW TEST TEMPERATURE AND PERCENT
COLD REDUCTION ON TENSILE PROPERTIES OF SHEET
(48)
urce jCX)]
Alloy 304N
Form 3 in sq. bar (a)
Condition Annealed - 1875F ~ 1 br - Wg{az
Nitrogen Content |Test Temp| Fry Fiu 2 {1 in} R4
wi. percent F ksl ksi percent | percent @
30 30.1 ] 86.7 5T 76 =
0.12 =190 63.4 | 147.1 [ 16 n
~320 95.2 | 220.8 49 86 -]
80 a0.5 [ B7.9 55 75 ~
0,13 -100 84.4 | 150.8 64 75 g‘ 200
-320 95,6 | 227.8 47 64 N TYPE 304
80 a3.8] 87.6 ] &7 78 = -~ 0.75 IN PLATE
0.14 -100 66,2 | 144.0 71 7 o s RIS
-320 100.0 | 223.0 0 6 Z >
30 43.6 ] 90.7 T 7 z 100
0.18 -100 66.6 | 145.4 6 73 0 z
~320 101.5 | 225.8 47 63 Ble
a1} Specimens amnealed in blank form and finish machined to @ 0
0. 250 in dia tonsien bars. o 200 =300 ~200 -100 100
1o are the average of two tests. TEMP -F
TABLE 3.03145 EFFECT QF KITROGEN CONTENT AND TEST
TEMPERATURE (+80 to -320F) ON THE TEN- FIG 3.03147 EFFECT OF LOW TEMPERATURE ON THE YIELD
SILE PROPERTIES OF TYPE 304N, STRENGTH -~ DENSITY RATIC {57}
cove 1303
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FeA

FERROUS ALLOYS

Fe 500 . 'TYPE 304
./-—\ ANN
Low C N
460
19 Cr
10 Ni
420
TYPES FRACTURE STRESS
304, 304L
380
% \
= \ ™
340 S \
300
TRUE STRESS AT MAX LOAD
260 \
220 \
‘o\
- | \\
140
0.5
= /
<0.4 2
E TRUE STRAIN AT MAX LOAD
w
0.3 \‘—
—400 =300 =200 ~100 .0 1900
TEMP - F
FIG 3.03138 EFFECT OF LOW TEST TEMPERATURE ON
TRUE TENSILE PROPERTIES OF ALLOY {46)
120 TYPE 304
ANN
100 \\
] ]
F4 \‘
80
Foy I
50
—400 =300 =200 =100 ] 160
TEMP - F
FIG 3.0322 EFFECT OF LOW TEMPERATURE ON COMPRESSIVE
YIELD STRENGTH OF ALLOY (44)
cope 1303
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160

140

120

100

80
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&0

40

FIG 3.0331
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I T
TYPE 34, 304L
ANN

IE CHARPY v-xo’rcw
)y

N

>

7

N

\\W%//VA
7

P aa——

e

N

N\
>

=

E CHARPY KEYHOLE NOTCH

/L

/

L

® COLD ROLLED SHEET
(CHARPY KEYHOLE) (27)

-100 100

@

-40¢ -300 -200

TEMP - F

FROBABLE RANGE OF CHARPY IMPACT PROPERTIES
OF ANNEALED TYPES 304 AND 304L STAINLESS STEELS

{27THED
TYPE 304
ANN
120 *—g—
@]
]
110
1ZOD V-NOTCH, PLATE
@ 30 MIN AT TEMP
- O AFTER 65 HR AT 300F
S 100 |- CHARPY KEYHOLE NOTCH
] & 11/2 IN BAR
e 1950F, Q
90
80 / i
70
-300 -200 -100 0 100
TEMP - F
FIG 3.0332 EFFECT OF LOW TEMPERATURE ON

IMPACT PROPERTIES OF ANNEALED
PLATE AND BAR (61)
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Source {62)
Alloy 304
Form Plate
Condition Annealed
Exposure time to Test temp - F Charpy keyhole notch
test temp. impact strength - {t-1b
0 =320 85
30 min -32¢ 12
& mo -320 73
12 mo -320 75

TABLE 3.0333 LOW TEMPERATURE IMPACT PROPERTIES OF
TYPE 304 45 A FUNCTION OF EXPOSURE TIME

TYPES 304, 304L
PLATE
100
80 mem s = =
e / =
& 50 —
= 304L {-- —_—
:
£ 40 T = ARNEALED
b SENSITIZATION
e 304 - 1020F, 100 HRS
304L - 1200F, 2 HES |
0 il

-320

-150 70

TEMP - F

-300 -105

FIG. 3.0334 EFFECT OF SENSITIZATION HEAT TREATMENT
ON CHARPY KEYHOLE IMPACT PROPERTIES OF

TYPES 304 AND 304L.

{82)

Seurce {43)
Alloy 304N
Form 3 in sq bar (a)
Condition Annealed 1875F - 1 hr - WQ(a)
Charpy V-notch Impact Energy
Witregen Content Test Temp ft-1b
wt. percent F Longitudinal Trangverse
50 240(0) 105
0.12 ~100 240(b)_ B2
~320 141 5133
&80 240(b) 90
0,13 -100 240(b} 71
~-320 152 &1
30 240(h) 85
9.14 ~100 230 52
-320 125 52
80 240(b} 102
0.16 ~100 240(b) 80
=320 158 58

(a) Specimens annealed in blank form and finish machined to
standard 0.394 Charpy V-notch impact bars.

{b) Specimens did not break.

Datg are average of two tests

TABLE 3.0335 EFFECT OF NITROGEN CONTENT AND TEST
TEMPERATURE ON THE CHARPY V-NOTCH
IMPACT PROPERTIES OF TYPE 304N,

FERROUS ALLOYS

FeA

28¢ T T
TYPE 204 (LOW C)
SHEET Fe
g Low
240 |- e T ° c
\
% 19 Cr
e P i \ 10 Ni
200 g i o -
ot~ PR T ]
g 2 ity :“'ﬁﬁb\ TYPES
o SNNG TN 304, 304L
160 i N — !
7 3T ~L
- h S
g i ~ ~
= ™
! N '
140 i N
I AN
f X
120
v
NOTCH STRENGT]-*
11
80 K2
LT
|0
a5 50 0.063 IN SHEET
8|0 70
v|o 70 0.031 IN SHEET
] ! i
300 =300 <200 100 ] Tio
TEMF - F
FIG 3.03711 EFFECT OF LOW TEMPERATURES ON NOTCH STRENGTH
OF COLD ROLLED SHEET (48)
Source (62)
Form 0.012 in sheet
Condition 50 percent CR
¢ 304L
Test Temp Fay Fry Noteh Fyy, {a)
{F} {ksi) (kesi) (ksi)
78 158 176 152
100 156 198 217
-320 187 251 262
—423 231 279 304
509
\. 7/ 0.40
L 7=0. 0025
K.=6.3
TABLE 3.03712 EFFECT OF LOW TEMPERATURE ON THE
NOTCH AND TENSILE STRENGTH OF COLD
ROLLED SHEET.
cope 1303
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FeA

FERROUS ALLOYS

176

TYPE 304
Fe 0.5 IN PLATE
Low C . AR
160
19 Cr
10 Ni
150 X\
TYPES \
304, 304L AN
140 ~
A
= \
€ \
130 g
60° N
V4 )
120 |— I T \
0.508([] 0.75 N
—r = 0.001 \
110 AN
\
»
100
300 300 200 100 o 100
TEMP - F
FI1G 3.03713 EFFECT OF TEST TEMPERATURE ON NOTCH
STRENGTH OF ANNEALED PLATE 57
300 FrYPE soaL
0.062 IN SHEET
259
=320 F b L
[_OTCH ,
e
|
= 200 / — - 4\:
x
FTYT\/ - - {FTYL T
-
L. A
130
FOR SPECIMEN
SEE FIG 3.02711
100 _|
10 50 50 70 80
COLD REDUCTION, PERCENT
FIG 3.03714  EFFECT OF COLD REDUCTION ON
-320F SHARP NOTCH STRENGTH OF
304L SHEET {(73) FIG 3
cope 1303
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™
=)

-
o

| T TYPE 304 '
0.062 IN SHEET 60 PERCENT C.R.+
STRESS RELIEF 24 OR 72 HRS

-320F L
™

°
-]

e
S

P

\ T//

e
-

N

FOR SPECIMEN SEE FIG 3.02711

=1
L)

E=

RATIO: NOTCH STRENGTH TO TENSILE STRENGTH

0

FIG 3.03715

60

40

20

10

K5I
@

AV

1

100 1000

FIG 3.041

200 400 600 800 1000
STRESS RELIEF TEMP - F

EFFECT OF STRESS RELIEF TEMPERATURE
ON SHARP NOTCH STRENGTH RATIO AT
-320F FOR COLD ROLLED 304L SHEET

(73, fig 14)

TYPE 304
BAR

TEST TEMP
1000F

T~

1200F

™~

350F
AN

N

- \ZLSOOF

RUPTURE
109, 000

10,000
TIME - HR

CREEP RUPTURE CURVES FOR BAR
AT 1000F TO 1800F (64)
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FERROUS ALLOYS

@2000F, WQ, GS53
O1700F, AC, G56 TO 8

~

0., TEST TEMP
b
-
>
Q 1200F

1400F

—-1500F

~.

RUPTURE

1800F

1

=

100
TIME - HR

10

] 10,000

FIG 3,042 CREEP RUPTURE CURVES FOR BAR AT 1200

K81

60
40

20

10

1

TO 1800F

(28)

TYPE 304L
BAR

—

1950F 30MIN WQ
TEST TEMP

900F

F\v\

— I050F

1200F ——4

\

RUPTURE

"\

1350F

m»

100

10

]

TIME - HR

10, 000

100, 000

FIG 3.043 CREEP RUPTURE CURVES FOR BAR AT 900 TO 1500F

(64)

50 r
TYPE 304L
HOT FINISHED BAR
* A\\
30 |2,
V
~ 1050F
20
1200F
15
] 7
3
10
. n  1350F
F
#2000F, 30MIN, WQ @
& L & 1850F, 1 HR, AC ’
®1950F, 1 HR, AC
s rvzzso}‘, wQ
RUPTURE |
100 1000 10,000
THME - HR

FIG 3.044 CREEP RUPTURE CURVES FOR BAR AT
:050F TO 1350F

{65)

100, 00¢

FeA

Fe
C

Cr
Ni

Low
19
10

TYPES
304, 304L
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60 20 T ] T
Fe TYPE 304 N2 TYFE 304
BAR 15 0.040 IN SHEET
Low C ~— 1350F, 5 HR + 1400F, 100 HR
[~ —~9.
19 e w e ” —a-n] S
r \‘ TEST TEMP M'
. 8
10 Ni 1050 F = | 5=
¥ 1 :
TYPES g HELIUM (ATOMIC FRACTION)
2 @ NONE
304, 3°4L \ m1.5x 106
20 a3.5x108
1200 F 2
20 40 60 80 100 200 400 600 800
TIME - HOUR
10 FIG. 3.047 EFFECT OF HELIUM ON CREEP RUPTURE OF SHEET
\ \ TESTED IN VACUUM AT 1400F. 61
§ Ry . 1350E
B \ \
y \
N
\1500 F
4 {7(2) NITROGEN CONTENT 0,13 PERCENT \.
RUPTURE {
2
100 1000 10, 000 100, 000
TIME - HR
FIG 3.085  CREEP RUPTURE CURVES FOR TYPE 304N BAR AT
1050 TO 1500F (65)
T
TYPE 304
SHEET
ANN |
50
TEST TEMP
1200F b
a0
0\
30 2
400F g
5
= L
20
|Source (66) 1600
Form Bar 1 p
Type 304 1 304N(a}
Test Temp Rupture stress - ksi 10 LS.
(F}. 10,000 Hr. | 160,000 Hr. ] 10,000 Hr. | 100,000 Hr. g HHOOF
T050 78.0 6.0 34.0 27.0 2000F .\u
1200 13.8 5.5 1.0 12.5
1550 5.7 1.7 3L 6.0 0
1500 3.25 2.3 3.3 4.0 0.1 1 10 160
{a} Nitrogen content G6.14 percent. TIME - SECONDS
TABLE 3.046 COMPARISON OF RUPTURE STRESS OF TYPE FIG, 8,045 SHORT TIME CREEP RUPTURE
304 AND TYPE 304N AS A FUNCTION TO TEMP- CURVES FOR SHEET AT 1200
ERATURE AND TIME, TO 2000F, (63)
cooe 1303
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FERROUS ALLOYS

FeA

25
TYPE 304
ELASTIC //J | ANNEALED Fe
STRAIN e |
20 10t HR —— Low C
" 10% HR
/ / 19 Cr
13 ] .
7 e SXI10°HR 10 Ni
& . -
= ’ -
10— TYPES
7 WOF 304, 304L
5
1] Source (70}
Q 1.0 2.0 3.0 4.0 |Alloy Type 304
STRAIN - PERCENT Form 1 in bar
[Condition Ann
Stress Stress Fatigue strength-ksi
FIG 3.040 ISOCHRONOUS STRESS - STRARN CURVES FOR TYPE Temp - F Method | Ratio Concen- atcycles
304 AT 1000 F (59) A R tration 109 | 10 107
RT Hot Smooth 45 41 40
00 K=1 3z 31 31
-1
Eooo Beam | @ 34 | 32 | m
200 31 29 29
TABLE 3.051  FATIGUE PROPERTIES OF 1INCH DIAMETER
25 ANNEALED BAR.
ELASTIC 5 TYPE 304
STRAIN W'HR | . ANN—
20
/ 10% HR e
.-—-"""—‘—__-_
15 /
7= i —
F10 | sxism —
= U ’/ "]
1" — -
5 P10 F 350 T T T
TYPE 304
BAR
0 FULL HARD o
0 1.0 2.0 3.0 4.0 Fpg = 210 KSI i
STRAIN - PERCENT 300  VIBRATDNG BEAN
R=-1
FIG. 3.041¢  [SOCHRONOUS STRESS - STRAIN CURVES FOR TYPE 0.30 250
304 AT 1100F (69) 250 I
\ r=0.010
200 \
& Y
x
25
TYPE 304 \ =320 F
ANNEALED 150
ELASTIC
20 SMOQTH
STRAIN \
\ . RT
10° HR
15 100
- /""". 10% HR
w
= / b """} NOTCHED
10 10° HR 50
/ — 5 N— S0 E
e 5 X 10° HR N
Py /4 /"::—- _ K, = 3.2
S RT
”
0F 9
0 120 108 10* 108 146 107
0 Lo z.0 5.0 .0 NUMBER OF CYCLES
STRAIN - PERCENT
FIG 3.052  RESULTS OF VIBRATING BEAM TESTS OF
FIG3.0411  ISOCHRONOUS STRESS - STRAIN CURVES FOR TYPE NOTCHED AND $MOOTH TYPE 304 BAR
304 AT 1200 F (69} (18
cooe 1303
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1 T v T 10 T
Fe TYPE 34 SPECIMEN l TEST TYPE 304
1830 1 HR W.Q.  SMOOTH |NOTCHED| TEMP 1/2 N PLATE
ftow C Foyy = 93KSI o-- | B— -320F — 2000 F 1 HR W, Q.
280 FR=0 O = | 80— -90F - ’ﬁ
19 Cr o-—| #— RT
10 Ni Q BAND FOR TWO
240 By D SPECIMENS
N THICKNESS \+80 -
TYPES N =0.1 1% \<6 7/ g Z ©MAX = 8200 PSI |
M N 4 10 o MAX = 5740 PSI
304, 304L =0 — 5] g 7
N . S \ 0.180 IN b 7 :
a\ N 03T Agsm R 2 i
160 q < lIN -1 — Z
@ BN T i - s S-8.9xX 100k 4
M [-T1-
=N 5 1
120 @ 7
3
£ 108 o 5 IN——r
30 £ R=0 SEN
g SPECIMEN
o _ B=1/2 N
v l— f{ =4 cpm ' —
40 =} 1060 F -] hal/2 I
1 10 10% 10% 10% 105 2
NUMBER OF CYCLES o
FIG 3.053 5-N CURVES FOR NOTCHED AND SMOOTH SHEET M—TN""
AS A FUNCTION OF TEMPERATURE IN THE AN- \ | |
NEALED CONDITION 75 10~
’ %) 10 20 30 50 T0 100
STRESS INTENSITY RANGE ~ AK, KSI - /IN
T
TYPE 304 -
1/2 IN PLATE FIG3.055  FATIGUE CRACK PROPAGATION RATE AT 1000 F AS A
2000 F 1 HRW.Q. FUNCTION OF STRESS INTENSITY RANGE FOR PLATE
{73, Hg %)
107 ; ; 7
'f: da i TYPE 304
7] 5 6% 102 AxS 4 1/2 BN PLATE
5 dr w 1074 |- 2000 F 1 R W.Q. SL/
an -1
g 3 BAND FOR TWO
= o SPECIMENS |
s ] & MAX = 5940 PSI
*-5_. 10 BAND FOR b : ¢ MAX = 8230 PS!
< FOUR SPECIMENS o
:1- ! I g].
pe] z d
2 7 2 B0l o
z -5
z 9,25 KSICOMAX < 19 K51 4510
Q 1]
= &
< <
F =
2 1078 FOR SPECIMEN SEE | E da
i3} FIG 3.055 % H= 63X 5 K45
|___R=0] i 3
2=l 1 ! : o FOR SPECIMEN AND FATIGUE LOAD-
S ING CONDITIONS, SEE FIG 3.055
2opm < ¢ 400 cpm 0 196 f j
1200 F TESTS
] |
a | 10 20 30 50 70 100
10 h
10 20 30 50 70 100 STRESS ENTENSITY RANGE A K ~ KSI \fl.N
STRESS INTENSITY RANGE 0K - KSI - 4N
FIG 3.084  FATIGUE CRACK PROPAGATION RATE AT R.T. AS A FIG 3.056 FATIGUE CRACK PROPAGATION RATE AT 1200F AS A
FUNCTION OF STRESS INTENSITY RANGE FOR PLATE FUNCTION OF STRESS INTENSITY RANGE FOR PLATE
(73, fig 8} (73, fig 6)
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FeA

FERROUS ALLOYS

, 32
TYPE 304
o= /2 IN PLATE Fe
1900F 1 HR W.Q. Low C
F.. =37 KSI 28
TY
‘[ ) 19 Cr
10 Ni
= 7 24
2 g TYPES
o] S
z | \ 304, 304L
a ; 20 A
Z & STATIC (3% \\ S
| @ DYNAMIC (50) \ o
P TEST TEMP 16 L OSTATIC a1
® ® 778 ) 400 800 1200 1600
# & §00F TEMP - F
5 ® 1100F
= FIG 3.0621 MODULUS OF ELASTICITY AT ROOM
£ ! ‘ ‘ AND ELEVATED TEMPERATURES
g107° (39)(50, p. 82)(71)
]
x
2
3
4]
1)
=
[&]
= 40 -
= R=0 f=10 cpm TYPE 304
Ll
CANTILEVER BEND
30 e - 1)
* A -1— T > — - - T
o — o
’,/4 asom 2% g
=
ST & 20 - - ,
£ACE GROOVE 0,025 IN ® L7 0.012 DY SHEET 50 PERCENT CR (LOW C)(63)
DEPTH WITH 0.01 orl
108 ROOT RADIUS | | — < — 0.750 I¥ DIA BAR, ANN (72) i
10 | L } !
10 20 3 40 50 60 ~400 300 -200 109 0 100
K-KSI I TEMP - F
FIG 3.057 FATIGUE CRACK GROWTH RATE AS A FUNCTION
OF STRESS INTENSITY RANGE AND TEMPERATURE FIG 3.0622 MODULUS OF ELASTICITY AT ROOM AND LOW
FOR PLATE IX THE ANNEALED CONDITION  (76) TEMPERATURES @3) (72)
0.4 r
TYPE 304
Q L] 1 TYPE 304
£0.3 ] >, —— ANN
5 /./ p— N
-]
z a 10 e
] ~
@ 0.2 ™~
g 3 g
o1 S — — — DYNAMIC {23) \.
o 200 400 500 500 000 1200 — @&~ STATIC (7}
TEMP - F ) I
& 0 400 5ao 1200 1600
TEMP - F
FIG 3.061  POISSON'S RATIO AT ROOM AND ELEVATED
TEMPERATURES @y FIG 3.063 MODULUS OF RIGIDITY AT ROOM AND
ELEVATED TEMPERATURES  (17)(23)
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FeA

Fe

Low C
19 Cr
10 Ni
TYPES

304, 304L

4,

5

1.

3.

a.

0.

11,

12.

13.

14.

15.

16.

17.

1g.

1&.

20.

28.

29.

30.

31.

32.

33.
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