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FOREWORD

1. This military handbook is approved for use by all Departments and Agencies of the Department of
Defense and the Federal Aviation Administration.

2. Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be
of use in improving this document should be addressed to: Chairman, MIL-HDBK-5 Coordination
Activity (513-255-5128), WL/MLSE, Wright-Patterson AFB, OH 45433-6533, by using the self-
addressed Standardization Document Improvement Proposal (DD Form 1426) appearing at the end of this
document or by letter. ‘

3. This document contains design information on the strength properties of metallic materials and
elements for aerospace vehicle structures. All information and data contained in this handbook have been
coordinated with the Air Force, Army, Navy, Federal Aviation Administration, and industry prior to
publication, and are being maintained as a joint effort of the Department of Defense and the Federal

Aviation Administration.

Custodians: Preparing activity:
Army—AV Air Force: 11
Navy—AS
Air Force—11 (Project No. 1560-0187)

FAA

Review activities:
Army—ME, MI
Navy—CG
Air Force—80, 82, 84, 99
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EXPLANATION OF NUMERICAL CODE
For chapters containing materials properties, a deci-numeric system is used to identify sections of
text, tables, and illustrations. This system is explained in the examples shown below. Variations of this
deci-numerical system are also used in Chapters 1, 8, and 9. ’
Example A 24.2.1.1

General material category (in this case, Steel) .. ..o vni

A logical breakdown of the base material by family characteristics
(in this case, intermediate alloy steels); or for element properties .. ...........ooen

Particular alloy to which all data are pertinent. If zero, section contains comments
on the family Characteristics . ... ... ..ovveovnen e

If zero, section contains comments specific to the alloy; if it is an integer, the
number identifies a specific temper or condition (heat treatment) . .o vv v e

Type of graphical data presented on a given figure
(see following desCTiPHON) . . ..o v v

Example B 323.1.X
e rh T« T I I
2000 Series Wrought ALOY . . ..o v et

D024 ALIOY -+« e e et e

T3, T351, T3510, T3511, T4, and T42 Tempers ... ........vovnnvnren e e s

Specific Property as FOLIOWS . . ... cuvvv i

Tensile properties (ultimate and yield strength) .........covmvvner e 1
Compressive yield and shear ultimate Srengths . . .. oo 2
Bearing properties (ultimate and yield strength) . ... 3
Modulus of elasticity, shear modulus . ... ...ttt 4
Elongation, total strain at failure, and reduction OF ATEA . v vt e it e e 5
Stress-strain curves, tangent-modulus CUIVES . . . ..« ovvvvin v e 6
o = T I 7
T T R 8
Fatigue-Crack Propagation . ... .........o.onnnnennnneunurattar et s 9
Fracture TOUGNNESS . .« .o v vt e e e 10

iti
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Chapter 5

TITANIUM

5.1 General

This chapter contains the engineering
properties and related characteristics of titanium
and titanium alloys used in aircraft and missile
structural applications.

General comments on engineering properties
and the considerations relating to alloy selection
are presented in Section 5.1. Mechanical- and
physical-property data ‘and characteristics pertinent
to specific alloy groups or individual alloys are
reported in Sections 5.2 through 5.5.

Titanium is a relatively lightweight, corrosion-
resistant  structural material that can be
strengthened greatly through alloying and, in some
of its alloys, by heat treatment. ~Among its
advantages for specific applications are: good
strength-to-weight  ratio, low density, low
coefficient of thermal expansion, good corrosion
resistance, good oxidation resistance at
intermediate temperatures, good toughness, and
low heat-treating temperature during hardening,
and others.

5.1.1 TITANIUM INDEX.—The coverage of
titanium and its alloys in this chapter has been
divided into four sections for systematic
presentation.  The system takes into account
unalloyed titanium and three groups of alloys
based on metallurgical differences which in turn
result in differences in fabrication and property
characteristics. The sections and the individual
alloys covered under each are shown in Table 5.1.

5.1.2 MATERIAL PROPERTIES.—The ma-
terial properties of titanium and its alloys are
determined mainly by their alloy content and heat
treatment, both of which are influential in deter-
mining the allotropic forms in which this material
will be bound. Under equilibrium conditions, pure
titanium has an "alpha" structure up to 1620 F,
above which it transforms to a "beta" structure.
The inherent properties of these two structures are
quite different. Through alloying and heat treat-
ment, one or the other or a combination of these
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two structures call be made to exist at service tem-
peratures, and the properties of the material vary
accordingly. References 5.1.2(a) and (b) provide
general discussion of titanium microstructures and
associated metallography.

TABLE 5.1 Titanium Alloys Index

Section Alloy Designation

5.2 Unalloyed Titanium

5.2.1 Commercially Pure Titanium

53 Alpha and Near-Alpha Titanium
Alloys

5.3.1 Ti-5A1-2.58n (Alpha)

532 |Ti-8A1-1Mo-1V (Near-Alpha)

533 Ti-6A1-2Sn-4Zr-2Mo (Near-Alpha)

54 Alpha-Beta Titanium Alloys

5.4.1 Ti-6A1-4V

542 [Ti-6A1-6V-25n

5.5 Beta, Near-Beta, and Metastable
Titanium Alloys

55.1 Ti-13V-11Cr-3A1

552 |Ti-15V-3Cr-35n-3A1

553 |Ti-10V-2Fe-3Al

Titanium and titanium alloys of the alpha and
alpha-beta type exhibit crystallographic textures in
sheet form in which certain crystallographic planes
or directions are closely aligned with the direction
of prior working. The presence of textures in
these materials lead to anisotropy with respect to
many mechanical and physical properties. Pois-
son’s ratio and Young’s modulus are among those
properties strongly affected by texture. ~Wide
variations experienced in these properties both
within and between sheets of titanium alloys have
been qualitatively related to variations of texture.
In general, the degree of texturing, and hence the
variation of Young’s modulus and Poisson’s ratio,
that is developed for alpha-beta alloys tends to be
less than that developed in all alpha titanium al-
loys. Rolling temperature has a pronounced effect
on the texturing of titanium alloys which may not
in general be affected by subsequent thermal treat-
ments. The degree of applicability of the effect of
textural variations discussed above on the mechan-
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ical properties of products other than sheet is
unkown at present. The values of Young’s
modulus and Poisson’s ratio listed in this
document represent the usual values obtained on
products resulting from standard mill practices.
References 5.1.2(c) and (d) provide further
information on texturing in titanium alloys.

5.1.2.1 Mechanical Properties.

5.1.2.1.1 Fracture Toughness.—The fracture
toughness of titanium alloys is greatly influenced
by such factors as chemistry variations, heat treat-
ment, microstructure, and product thickness, as
well as yield strength. For fracture critical appli-
cations, these factors should be closely controlled.
Typical values of plane-strain fracture toughness
for titanium alloys are presented in Table
5.1.2.1.1. Minimum average, and maximum
values, as well as coefficient of variation are
presented for various products for which valid data
are available, but these values do not have the
statistical reliability of the room-temperature
mechanical properties.

5.1.3 MANUFACTURING CONSIDERA-
TIONS.—Comments relating to formability,
weldability, and final heat treatment are presented
under individual alloys. These comments are
necessarily brief and are intended only to aid the
designer in the selection of an alloy for a specific
application. In practice, departures from
recommended practices are very common and are
based largely on in-plant experience. Springback
is nearly always a factor in hot or cold forming.

Final heat treatments that are indicated as
"specified” heat treatments do not necessarily
coincide with the producers’ recommended heat
treatments. Rather, these treatments, along with
the specified room-temperature minimum tensile
properties, are contained in the heat treating-
capability requirements of applicable
specifications, for example, MIL-H-81200.
Departures from the specified aging cycles are
often necessary to account for aging that may take
place during hot working or hot sizing or to obtain
more desirable mechanical properties, for example,
improved fracture toughness. = More detailed
recommendations for specific applications are
generally available from the material producers.
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51.4 ENVIRONMENTAL CONSIDER-
ATIONS.—Comments relating to temperature
limitations in the application of titanium and tita-
nium alloys are presented under the individual
alloys.

Below about 300 F, as well as above about
700 F, creep deformation of titanium alloys can be
expected at stresses below the yield strength.
Available data indicate that room-temperature
creep of unalloyed titanium may be significant
(exceed 0.2 percent creep-strain in 1,000 hours) at
stresses that exceed approximately 50 percent F,
room-temperature creep of Ti-5A1-1.5Sn ELI may
be significant at stresses above approximately 60
percent F, and room-temperature creep of the

standard grades of titanium alloys may be
significant at stresses above approximately
75 percent F. References 5.1.4(a) through (c)
provide some limited data regarding room-

temperature creep of titanium alloys.

The use of titanium and its alloys in contact
with either liquid oxygen or gaseous oxygen at
cryogenic temperatures should be avoided, since
either the presentation of a fresh surface (such as
produced by tensile rupture) or impact may initiate
a violent reaction [Reference 5.1.4(d)]. Impact of
the surface in contact with liquid oxygen will
result in a reaction at energy levels as low as
10 ft-Ib. In gaseous oxygen, a partial pressure of
about 50 psi is sufficient to ignite a fresh titanium
surface over the temperature range from -250 F to
room temperature or higher.

Titanium is susceptible to stress-corrosion
cracking in certain anhydrous chemicals including
methyl alcohol and nitrogen textroxide. Traces of
water tend to inhibit the reaction in either environ-
ment. However, in N,0,, NO is preferred and
inhibited N,0O, contains 0.4 to 0.8 percent NO.
Red fuming nitric acid with less than 1.5 percent
water and 10 to 20 percent NO, can crack the
metal and result in a pyrophoric reaction.

Titanium alloys are.also susceptible to stress
corrosion by dry sodium chloride at elevated
temperatures. This problem has been observed
largely in laboratory tests at 450 to 500 F and
higher and occasionally in fabrication shops.
However, there have been no reported failures of




MIL-HDBK-5G

1 November 1994

"S[OQUIAS JO UORIULOP I0J €71 H | 2SI 0} 1JY,

*A[UO UOTBULIOJUT JOJ SIB SON[BA ISAYL,

eqg |poresuny
LT1 €€ LS I8 £1-60 9 C cge> Sy1-vil TL peSog [ MIA |APIVY-LL
m’g |poreeuuy
§01 8¢ 09 LL I'i-90 194 [4 ge> evi-171 L1 pesiod | A AP IVIIL
uoneLEA JO — Bay — soyout ozig  [seomog| sayour I |QUONEIUSLQ | O] [uOBIpUC) Loy
JUSIOIIII0D) : ‘98uey | ordureg Jo ‘93uey | ‘o8uey jonpoig| Ieai],
SSOUWOIY T, Joqumy] | ssauwyory ], | pSusng yeoy
uauroadg pnpoid | PRI
LS

LSKo1y wmupiL[, fo SSauySNo, 24monL IDS-IUID]] 24MIDIadua ] Wo0Y Jo sanA T1TTS AT1AVL

5-3



MIL-HDBK-5G
1 November 1994

titanium components in service by hot salt stress
corrosion. Cleaning with a nonchlorinated solvent
(to remove salt deposits, including fingerprints) of
parts used above 450 F is recommended.

In laboratory tests, with a fatigue crack present
in the specimen, certain titanium alloys show an
increased rate of crack propagation in the presence
of water or salt water as compared with the rate in
air. These alloys also may show reduced sus-
tained load-carrying ability in aqueous environ-
ments in the presence of fatigue cracks. Crack
growth rates in salt water are a function of sheet
or section thickness. These alloys are not suscep-
tible in the form of thin-gauge sheet, but become
susceptible as thickness increases. The thickness

5-4

at which susceptibility occurs varies over a visual
range with the alloy and processing. Alloys of
titaninm found susceptible to this effect include
some from alpha, alpha-beta, and beta-type
microstructures. In some cases, special processing

techniques and heat treatments have been devel-
References

oped that minimize this effect.
5.1.4(e) through (g) present detailed summaries of
corrosion and stress corrosion of titanium alloys.

Under certain conditions, titanium, when in
contact with cadmium, silver, mercury, or certain
of their compounds, may become embrittled. Re-
fer to MIL-S-5002 and MIL-STD-1568 for restric-
tions concerning applications with titanium in con-
tact with these metals or their compounds.
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5.2 Unalloyed Titanium

Several grades of unalloyed titanium are of-
fered and are classified on the basis of manufac-
turing method, degree of purity, or strength, there
being a close relationship among these. The unal-
loyed titanium grades most commonly used are
produced by the Kroll process, are intermediate in
purity, and are commonly referred to as being of
commercial purity.

5.2.1 COMMERCIALLY PURE
TITANIUM
52.1.0 Comments and Properties.—Unal-

loyed titanium is available in all familiar product
forms and is noted for its excellent formability.
Unalloyed titanium is readily welded or brazed. It
has been used primarily where strength is not the
main requirement.

Manufacturing Considerations.—Unalloyed ti-
tanium is supplied in the annealed condition per-
mitting extensive forming at room temperature.
Severe forming operations also can be accom-
plished at elevated temperatures (300 to 900 F).
Property degradation can be experienced after
severe forming if as-received material properties
are not restored by re-annealing.

Commercially pure titanium can be welded
readily by the several methods employed for tita-
nium joining. Atmospheric shielding is preferable
although spot or seam welding may be accom-
plished without shielding. Brazing requires pro-
tection from the atmosphere which may be
obtained by fluxing as well as by inert gas or
vacuum shielding. :

Environmental Considerations.—Titanium has
an unusually high affinity for oxygen, nitrogen,
and hydrogen at temperatures above 1050 F. This
results in embrittlement of the material, thus usage
should be limited to temperatures below that indi-
cated. Additional chemical reactivity between ti-
tanium and selected environments such as methyl
alcohol, chloride salt solutions, hydrogen, and
liquid metal, can take place at lower temperatures,
as discussed in Section 5.1.4 and its references.

5-5

Under certain conditions, titanium, when in
contact with cadmium, silver, mercury, or certain
of their compounds, may become embrittled.
Refer to MIL-S-5002 and MIL-STD-1568 for re-
strictions concerning applications with titanium in
contact with these metals or their compounds.

Heat Treatment.—Commercially pure titanium
is fully annealed by heating to 1000 to 1300 F for
10 to 30 minutes. It is stress relieved by heating
to 900 to 1000 F for 30 minutes. Commercially
pure titanium cannot be hardened by heat
treatment.

Specifications and Properties.—Some material
specifications for commercially pure titanium are
presented in Table 5.2.1.0(a). Room-temperature
mechanical properties for commercially pure tita-
nium are shown in Tables 5.1.2.0(b) and (c). The
effect of temperature on physical properties is
shown in Figure 5.2.1.0.

TABLE 5.2.1.0(). Material Specifications for
Commercially Pure Titanium

Specification Form

AMS 4900 Sheet, strip, and plate

AMS 4901 Sheet, strip, and plate

AMS 4902 Sheet, strip, and plate
MIL-T-9046 Sheet, strip, and plate
MIL-T-9047 | Bar

AMS 4921 Bar

MIL-T-81556 | Extruded bars and shapes
52.1.1 Annealed Condition.—Elevated-tem-

perature data for annealed commercially pure ti-
tanium are presented in Figures 5.2.1.1.1(a)
through 5.2.1.1.3(b). Typical full-range stress-
strain curves for the 40 and 70 ksi yield strength
commercially pure titanium are shown in Figures
5.2.1.1.6(a) and (b).
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TABLE 5.2.1.0(b). Design Mechanical and Physical Properties of Commercially Pure Titanium

AMS 4902 | AMS 4900 | AMS 4901 | AMS 4921 MIL-T-
Specification ............... MIL-T-9046 | and MIL-T- | and MIL-T- | and MIL-T- | and MIL-T- 0047
9046 - 9046 9046 9047
Designation .. .............. - CP-4 CP-3 CP-2 CP-1 CP-70
Form .................... Sheet, strip, and plate Bar
Condition ................. Annealed Annealed
3.000-
Thickness or diameter, in. ... ... <1.000 <2.9992 4.000?
Basis ......ccvviiiiii.. S S S S S S
Mechanical Properties
F,, ksi:
L..... ... 35 50 65 80 80 80
5 A 35 50 65 80 80° 80
ST ... ' 80
F,y, ksi:
25 40 55 70 70 70
LT oiiiieeann. 25 40 55 70 700 70
ST ... 70
F ey ksi:
) 70
LT ... . ... 70
Fo ksi.............. .. 42
Fy,,» ksi:
€eD=15 .......... 120
€eD=20)..........
Fy» ksit
€eMD=15 .......... 101
€eMDM=20)..........
e, percent:
L. .. 24° 20° 18¢ 15¢ 15 15
LT ..ot 24° 20° 18° 15 15° 15
ST .o 15
RA, percent:
30 30
5 A 30° 30
ST ... i 30
E, 10° KSi wovvvreeeerrierrrenens 15.5
E, 10° KSi coovvevreseereccenne 16.0
G, 10° KSi cvvvvrererrrrrernrone 6.5
Hocorinereniiiennnrne e
Physical Progerties:
®, 16/ e 0.163

C, K, and o

See Figure 5.2.1.0

3Maximum of 16-square-inch cross-sectional area.
bLong transverse properties apply to rectangular bar only for thickness >0.500 inches and widths >3.000 inches. For AMS 4921,

(e) (LT) =12% and RA (LT) = 25%.
°Thickness of 0.025 inch and above.
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TABLE 5.2.1.0(c). Design Mechanical and Physical Properties of Commercially Pure Titanium
Extruded Bars and Shapes

Specification . . . ... U MIL-T-81556

Comp. CP4 | Comp.CP-3 | Comp.CP-2 | Comp. CP-1

Form Extruded bars and shapes

..............

Condition Annealed

Thickness or diameter, in. 0.188-3.000

Basis

Mechanical Properties:

40 50 65 80

L .............. 30 40 55 70

.......

15.5
16.0
6.5

Physical Properties:
o bAnd ..o
C,K,andot ........

0.163
See Figure 5.2.1.0

Elongation in percent as follows:

Comp. CP-2 Comp. CP-1

Thickness, inches Comp. CP-4 Comp. CP-3

0.188-1.000
1.001-2.000
2.001-3.000

25 20
20 18
18 15

5-7

18
15
12

15
12
10
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5.3 Alpha and Near-Alpha Titanium Alloys

The alpha titanium alloys contain essentially a
single phase at room temperature, similar to that
of unalloyed titanium. Alloys identified as near-
alpha titanium have principally an all-alpha struc-
ture but contain small quantities of a beta phase
because the composition contains some beta stabi-
lizing elements. In both alloy types, alpha phase
is stabilized by aluminum, tin, and zirconium.
These elements, especially aluminum, contribute
greatly to strength. The beta stabilizing additions
(e.g., molybdenum and vanadium) improve fabric-
ability and metallurgical stability of highly alpha-
alloyed materials.

All alpha alloys have excellent weldability,
toughness at low temperatures, and long-term
elevated-temperature strength.  They are well
suited to cryogenic applications and to uses requir-
ing good elevated-temperature creep strength. The
characteristics of near-alpha alloys are predictably
between those of all alpha and alpha-beta alloys in
regard to fabricability, weldability, and elevated-
temperature strength. The hot workability of both
alpha and near-alpha alloys is inferior to that of
the alpha-beta or beta alloys and the cold work-
ability is very limited at the high-strength level of
these grades. However, considerable forming is
possible if correct forming temperatures and proce-
dures are used.

5.3.1 Ti-5A1-2.5Sn

5.3.1.0 Comments and Properties—Ti-5Al-
2.58n is an all-alpha alloy available in many prod-
uct forms and at two purity levels. The high
purity grade of this composition is used principally
for cryogenic applications and may be character-
ized as having lower strength but higher ductility
and toughness than the standard grade. The
normal purity grade also may be used at low tem-
peratures but it is primarily suitable for room to
elevated temperature applications (up to 900 F or
to 1100 F for short times) where weldability is an
important consideration.

Manufacturing Considerations.—Ti-5A1-2.58n
is not so readily formed into complex shapes as
other alloys with similar room-temperature

properties, but far surpasses them in weldability.
Except for some forging operations, fabrication of
Ti-5A1-2.58n is conducted at temperatures where
the structure remains all alpha. Severe forming
operations may be accomplished at temperatures
up to 1200 F. Moderately severe forming can be
done at 300 to 600 F and simple forming may be
done at room temperature. Most forming and
welding operations are followed by an annealing
treatment to relieve residual stresses imposed by
the prior operation.

Ti-5A1-2.5Sn can be welded readily by inert-
gas or vacuum-shielded arc methods or by spot or
seam welding without atmospheric shielding.
Brazing requires protection from the atmosphere;
however, this is accomplished by fluxing as well
as by inert gas or vacuum shielding.

Environmental Considerations.—Ti-5Al-2.5Sn
is metallurgically stable at moderate elevated
temperatures. The material is susceptible to hot-
salt stress corrosion as well as aqueous chloride
solution stress corrosion. Care should be exer-
cised in applications involving such environments.
The alloy has good oxidation resistance up to
1050 F. Standard grade material has been used at
moderately low cryogenic temperatures; however,
the ELI grade has higher toughness and has been
used in cryogenic applications down to -423 F.
Under certain conditions, titanium, when in con-
tact with cadmium, silver, mercury, or certain of
their compounds, may become embrittled. Refer
to MIL-S-5002 and MIL-STD-1568 for restrictions
concerning applications with titanium in contact
with these metals or their compounds.

Heat Treatment.—This alloy is annealed by
heating 1400 F for 60 minutes and 1600 F for
10 minutes and cooling in air. Stress relieving
requires 1 or 2 hours at 1000 to 1200 F. Ti-5Al-
2.58n cannot be hardened by heat treatment.

Specifications and Properties.—Some material
specifications for Ti-5Al1-2.5Sn are shown in Table
5.3.1.0(a). Room-temperature mechanical proper-
ties for Ti-5Al-2.5Sn are shown in Tables
5.3.1.0(b) through (d). The effect of temperature
on physical properties is shown in Figure 5.3.1.0.
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TABLE 5.3.1.0(a). Material Specifications
for Ti-5A1-2.55n
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Specification

Form

MIL-T-9046 | Sheet, strip, and plate
AMS 4926 Bar
MIL-T-9047 | Bar
MIL-T-81556 | Extruded bar and shapes

AMS 4910

AMS 4966 Forging

Sheet, strip, and plate

C, Btu/(IbXF)

5.3.1.1 Annealed Condition.—Elevated tem-
perature curves for annealed Ti-5A1-2.5Sn are
shown in Figures 5.3.1.1.1 through 5.3.1.1.5.
Tensile properties cover the range -423 F to
1000 F; whereas other properties are for the range
room temperature to 1000 F. Fatigue-crack-propa-
gation data for sheet are shown in Figures
5.3.1.1.9(a) through (c).
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FIGURE 5.3.1.0. Effect of temperature on the physical properties of Ti-5A1-2.58n alloy.
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TABLE 5.3.1.0(b). Design Mechanical and Physical Properties of Ti-5Al-2.55n Sheet, Strip, and Plate

Specification ....... AMS 4910 and MIL-T-9046, Comp. A-1
Form ............ Strip Sheet I Plate
Condition ......... Annealed
Thickness. in. . . . . . . 0.015- 0.080- 0.188- 0.251- | 1.501-
’ <0.187 0.079 0.187 0.250 1.500 | 4.000
Basis ............ S A B A B A B S S
Mechanical Properties:
F,, ksi:
| S 120 | 120° | 128 | 120° | 131 120° 135 120 115
LT ........ 120 | 120 | 129 | 120 | 132 120° 137 120 115
F,y, ksi:
L o......... 113 | 110 115 | 113 118 113° 123 113 110
LT ........ 113 | 113 118 | 113° | 121 113° 125 113 110
Fcy, ksi:
L ......... 115 | 115 120 | 118 123 118 128 118
LT ........ 118 | 118 123 | 118 126 118 130 118
Foksi:....... 75 75 80 75 82 75 85 75
Fy,,, ksi:
(e/D = 1.5) 167 | 167 179 | 167 183 167 190 167
(e/D = 2.0) 250 | 250 268 | 250 275 250 285 250
Fb,y, ksi:
(e/D = 1.5) 133 | 133 139 | 133 142 133 147 133
eMD=20) ..| 19 | 190 198 | 190 203 190 210 190
e, percent (S-basis): '
L ......... 10 102 10 10 10 10
LT ........ 10 10° 10 10 10 10
E, 10°ksi ...... 15.5
E,10°ksi...... 15.5
G, 103 ksi ......
Hooo o
Physical Properties:
o, Ib/in? . ... ... 0.162
C,K,ando ..... See Figure 5.3.1.0

IThickness 0.025 inch and above.

bS-basis. A values are higher than specification values as follows:

0.015-0.079  0.080-0.187  0.188-0.250
Fm
L. 123 126 130
LT... 123 126 131
F,
L.... 118
LT.... 1S 120

Supersedes page 5-17 of MIL-HDBK-5G

5-17



MIL-HDBK-3G
1 November 1994

TABLE 5.3.1.0(c). Design Mechanical and Physical Properties of Ti-5Al-2.55n Bar and Forging

Specification . ......... AMS 4926° and MIL-T-9047 AMS 4966
Form ................ Bar Forging
Condition ............ Annealed Annealed
Thickness or diameter, in. <2.999% 3.000-4.000*
Basis . .....ccviiinna. A B S
Mechanical Properties:
F,,, ksi:
| P 115° 126 115 115
Oy A 115¢ 115 1159
ST oo 115 1159
F,y, ksi:
| PR 110° 120 110 110
LT ........... 110° 110 110¢
Y T 110 110°
Forfo
LT ...,
Fo,ksi ...........
Fp,, ksi:
eD=15) ......
(eMD=20) ......
F, , ksi:
YD =15) ......
eM=20) ......
e, percent (S-basis):
| R 10 10 10
LT ........... 10° 10 104
ST vvoevn 8 104
RA, percent (S-basis) A
Lo 25 25 25
¢ AR 25° 25 25¢
ST .o, 20 254
E10°ksi ......... 15.5
E,100ksi ......... 15.5
G 10°ksi .........
H oo i
Physical Properties:
o, Ib/in° .......... 0.162
C,Kandoa ........ See Figure 5.3.1.0

aMaximum of 16-square-inch cross-sectional area.
The A values are higher than S values as follows: F,, = 117 ksi, F,, = 113 ksi.
¢S-basis. Applicable providing LT dimension is >3.000 inches.
dApplicable, providing LT or ST dimension is 22.500 inches.

For AMS 4926, LT and ST values for ¢ and RA may be different than those shown.
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TABLE 5.3.1.0(d). Design Mechanical and Physical Properties of Ti-5A1-2.55n Extrusion

Specification . ...... MIL-T-81556, Comp. A-1

Form ............ Extruded bars and shapes

Condition ......... Annealed

Thickness or diameter, 0.188- 1.001- ' 2.001- 3.001-
111 PO 1.000 2.000 3.000 4.000

Basis .......... L S S S S

Mechanical Properties:

L ............ 120 115 115 115

115 110 110 110

E, 10°ksi ....... 15.5
E,10%ksi ....... 15.5

Physical Properties:
o, b/in3 .. ... ... 0.162
C,Kando ...... See Figure 5.3.1.0
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FIGURE 5.3.1.1.4. Effect of temperature on the tensile and compressive moduli (E and E_) of annealed
Ti-5A1-2.55n alloy sheet.
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FIGURE 5.3.1.1.9(a). Fatigue-crack-propagation data for 0.084 inch thick Ti-5A1-2.5Sn titanium alloy mill-
annealed sheet. [Reference 5.3.1.1.9].

Specimen Thickness: 0.08 inch Environment: Lab air
Specimen Width: 2.76 inches Temperature: RT
Specimen Type: cc Orientation: L-T and T-L
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FIGURE 5.3.1.1.9(b). Fatigue-crack-propagation data for 0.084 inch thick Ti-541-2.58n titanium alloy
mill-annealed sheet. [Reference 5.3.1.1.9].

Specimen Thickness: 0.08 inch Environment: Distilled water
Specimen Width:  2.76 inches Temperature: RT
Specimen Type: cc Orientation: L-T and T-L
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Specimen Thickness: 0.08 inch Environment: 3.5% NaCl
Specimen Width:  2.76 inches Temperature: RT
Specimen Type: cc Orientation: L-T and T-L
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5.3.2 Ti-8Al-1Mo-1V

5.3.2.0 Comments and Properties—Ti-8Al-
1Mo-1V alloy is a near-alpha composition devel-
oped for improved creep resistance and thermal
stability up to about 850 F. The alloy is available
as billet, bar, plate, sheet, strip, extrusions, and
forgings.

Manufacturing Considerations.—Room tem-
perature forming of Ti-8Al-1Mo-1V sheet is some-
what more difficult than in Ti-6Al-4V, and for
severe operations hot forming is required. Ti-8Al-
1Mo-1V can be fusion welded readily with inert-
gas protection or spot welding without atmospher-
ic protection. Weld strengths are comparable to
those of the parent metal although ductility is
somewhat lower in the weldment.

Environmental Considerations.—Ti-8Al-1Mo-
1V exhibits good oxidation resistance and thermal
stability up to 850 F. A decrease in tensile elon-
gation has been reported for single-annealed sheet
following 150 hours stressed exposure at 1000 F.
Extended exposure to temperatures exceeding
600 F adversely affects room-temperature spot-
weld tension strength. This alloy is not recom-
mended for structural applications at liquid-hydro-
gen temperatures (-423 F). The Ti-8Al-1Mo-1V
alloy also is susceptible to chloride stress-corro-
sion attack in either elevated-temperature (hot-salt
stress-corrosion) or ambient-temperature (aqueous
stress-corrosion) chloride environments.  Thus,
care should be exercised in applying the material
in chloride containing environments. Under cer-
tain conditions, titanium, when in contact with
cadmium, silver, mercury, or certain of their com-
pounds, may become embrittled. Refer to MIL-S-
5002 and MIL-STD-1568 for restrictions concern-
ing applications with titanium in contact with
these metals or their compounds.

Heat Treatment.—Three treatments are used
with Ti-8Al-1Mo-1V. These are:

Single Anneal: 1450 F for 8 hours, furnace
cool.

Duplex Anneal: 1450 F for 8 hours, furnace
cool, followed by 1450 F for 15 to 20 minutes, air
cool.

Solution Treated and Stabilized: 1825 F for 1
hour, air cool, 1075 F for 8 hours, air cool.

As a general guide, the single anneal is used
to obtain highest room-temperature mechanical
properties and the duplex anneal to obtain highest
fracture toughness. Both the single anneal and the
duplex anneal are compatible with hot-forming
operations. The solution treated and stabilized
condition is used for forgings.

Specifications and Properties.—Material speci-
fications for Ti-8Al-1Mo-1V are presented in
Table 5.3.2.0(a). Room-temperature mechanical
and physical properties for Ti-8AI-1Mo-1V are
shown in Tables 5.3.2.0(b) and (c). The effect of
temperature on physical properties is shown in
Figure 5.3.2.0.

TABLE 5.3.2.0(a). Material Specifications
for Ti-8AI-1Mo-1V

Specification - Form
MIL-T-9046 Sheet, strip, and plate
MIL-T-9047 Bar
AMS 4973 Forging
AMS 4915 Sheet, strip, and plate
AMS 4916 Sheet, strip, and plate

5.3.2.1 Single-Annealed Condition—Cryo-
genic, room-temperature, and elevated temperature
property curves for this condition are shown in
Figures 5.3.2.1.1 and 5.3.2.1.4. Typical tensile
and compressive stress-strain and tangent-modulus
curves are shown in Figures 5.3.2.1.6(a) and (b)
for room temperature and several elevated temper-
atures.

5.3.2.2 Duplex-Annealed Condition.—Cryo-
genic, room temperature, and elevated temperature
curves for this condition are shown in Figure
5.3.2.2.1. Typical tensile and compressive stress-
strain and tangent-modulus curves are shown in
Figures 5.3.2.2.6(a) and (b) for room temperature
and several elevated temperatures. Fatigue S/N
curves for unnotched and notched specimens at
room temperature and several elevated tempera-
tures are shown in Figures 5.3.2.2.8(a) through (f).
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FIGURE 5.3.2.0. Effect of temperature on the physical properties of Ti-8Al-1Mo-1V alloy.
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TABLE 5.3.2.0(b,). Design Mechanical and Physical Properties of Ti-8Al-1Mo-1V Sheet and Plate

Specification .......... AMS 4915 and MIL-T-9046, Comp A-4
Form ................ Sheet Plate
Condition ............ Single Annealed
Thickness, in. .......... 0.1875- 0.501- 1.001- 2.501-
<0.1875 0.500 1.000 2.500 4.000
Basis ................ S S S S S
Mechanical Properties
F,,. ksi:
L .. 145 145 140 130 120
LT ... ... .. ...... 145 145 140 130 120
ST ............... 120°
F,y, ksi:
135 135 130 120 110
LT ............... 135 135 130 120 110
ST oo 110°
Fcy, ksi:
144
LT................ 149
ST ... ... ... .....
Fo.ksi ... .. ..., 93
Fy,,, ksi
(eM=15) ......... 239
eM=20) ......... 294
Fypy ksi
eMDM=15 ......... 196
eM=20) ......... 214
e, percent:
a 10 10 10 8
LT ............... a 10 10 10
ST oo gb
E, N0 ksi ......... .. 17.5°
E,100ksi ........... 18.0°
G, 10%ksi ........... 6.7
7 0.32
Physical Properties:
o, bind . 0.158
C, Bw(lb)yF) ......... 0.12
Kando ............ See Figure 5.3.2.0

“0.008-0.014 in. thickness, 6 percent; 0.015-0.024 in. thickness, 8 percent; > 0.025 in. thickness, 10 percent.
®Applicable, providing ST dimension is >3.000 inches.
“Average, values may vary with test direction.

Supersedes page 5-29 of MIL-HDBK-5G 5-29

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































