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RELEASED;, JUNE 1969 NONFERROUS ALLOYS
1. GENERAL 1,042 Military's specified corposition, Table 1.042,
Ti-6Al-2Cb-1Ta~0. Mo (Ti-621/0.8) is a modification Ti
of the Ti-TAl-2Cb-1Ta (Ti=-721) composition, itself a TABLE 1.042
modificarion of the original Ti=8AI-2Cb-1Ta (Ti-821) Source Military (7) 33 Al
alley. The Ti-721 alloy was intreduced specifically to R
aveoid weld-cracking problems encountered in thick. Weight Perceat 2 Cb
plate with the Ti-521 composition, The Ti-621/0,8 Minimum | Maxmum | Ta
alloy was developed as a saltwater stress-corrosion Aluminum 5.5 5.5
resistant modification of TI-721, Columbium 1.5 2.5 0.8 Mo
Ti-6A1-2Ct—1Ta=0.8Mo is of medinm strength and, Tantalum 0.5 1.5 ’
on the basis of fracture appearance, is considered 0. 1.0 R
asawater siress-corrosion resistant. Sustained-load i\:gilybdenum : 0.20 Ti-6AI-2Cb
tests on precracked specimens, however, indicate Carben 0.05
the load-carrying capability of the alloy is veduced in Nitregen 0.03 -1Ta-08Mo
seawater although no evidence of stress-corrosion Oxygen 0.10
cracking has been observed on the fracture surfaces Hydrogen 0.0125%
of fafled specimens. Other Elements {total) 0.40
The alloy is forgeable and weldable and is intended for Titanivm Balanse
use as a structural alloy for marine application. 1Itis
normally processed in the beta phase Tegion. Cn * Shall be determined on each lot of the product as
request, however, the alloy may be processed in the shipped.,
alpha-beta field with an improvement in strength at
some sacrifice in toughness, All data presented in
this chapter are for beta processed material, with the
exception of the producer's guaranteed properties for
alpha=beta processed material presented in Table
3.014, 1,05 Heat Treatment
1.051 Stress relief anneal; 1100F, 2 hours, AC (9).
1.01 Commereial Designation 1.0511 Stress relaxation of plate at 800 and 1000F, Figure
Ti=6AI=-2Cb-1Ta-0.8Mo 1.0511.
Ti-6Al-2Ch=-1Ta-1Mo 1,052 Full anneal; 1650F, 1 hour, AC (9).
1,083 Solution treat and age; 1830F, 1 hour, W@ + 1100F,
1.02 Alternate Destgnations 2 hours, AC (9).
RMI-6Al-2Cb-1Ta-0, 8Mo 1.054 This alley is generally used In the as-fabricated or
RMI-€ Al-2Cb-1Ts-1Mo fabrieated-plus-annealed conditions. A small
Ti-621/¢.8 inerease in strength can be obtained by solution
Ti-621/1.0 treating and aging, but at a eonsiderable saorifice in
ductility and toughness {compare az-rolled plate with
1.03 Specifications plate solution treated and aged in Tables 3. 0217 and
MIL~-T-9046F (April 3, 1967}, Ammendment 1 3.0338), Studies are continuing to establish heat
(March 15, 1968). treating schedules for optimum combinattons of
strength, toughness, weldability, and seawater stress-
1.04 Composgition corrosion resistance (9).
1.041 Producer's specified composition, Table 1,041, 1.055 A quench delay from the solution treating furnace to the
quenching medium may be encountered in some pro—
duction heat treating processes. Figure 1.0551 gives
cooling curves for 1 inch x 6 inch x 6 fnch sections
cooled in air from various injtial temperatures.
These data may be used to determine the furnace
temperature required to give a desired quenching
temperature. It should be noted, however, that the
effect of quench delay on strength and toughness of
this alloy is small for delay times up to 1 1/2 minutes
{see Figures 3.0213 and 3.0333).
1.0551 Cooling rate curves for 1 inch plate cocled in air,
Figure 1.0551.
1.06  Hardness
TABLE 1, 041 Annealed condition, RC=30 (10).
Source RMI(t) 1.07 Forms and Conditions_availsble
Weight Percent 1,071 Alloy is available as billet, bar, plate, sheet, and
. wire. Billet and piate size Hmitations are generall
Migimum 1 Madmum controlled by the size and weight of the ingot and slzye
Aluminum 5.50 6.50 oi the processing equipment, Bar and plate are avail-
Columbium L.50 2.50 able in the annealed, as-rolled, or as-hot worked
Tamalum 0.50 1,50 condition, Billet, sheet, and wire are availlable in the
Molybdenum 0.50 1,50 annealed condition,
Iron 0.25 1.072 All products are normally beta processed (relled,
Carban 0.05 forged, ete.). On request, however, the alloy may be
Nitrogen 0.03 processed in the alpha-beta region with an improve-
Oxygen 0.10 ment In strength at some sacrifice in toughness (3).
Hydrogen 0.0125*
Other Elements (each) 0,10 1.08 Melting and Casting Practice
Other Elements {cambined 0.4¢ 1.081  Alloy is multiple melted by the consumable electrode
Titanjum Balance process, using controlled atmosphere and pressure,
* - : R Inget sizes produced to date are 39 inch diameter by
f‘a;l;gdn:au’ée’;‘zilzs maximur; sheet and plate approximaely 10, 000 pounds, asd 36 inch diameter
by approximately 15, 000 pounds.
cooe 3720
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2,03
2.031

Special Consideratons
Alloy modification. This alloy, Ti-6Al-2Cb~1Tg~=

0.8Mo, is being modified to have slightly higher
molybdenum (1.2 percent) content to compete with

ELI grade Ti=6Al-4V (11), The medified alloy has
improved strength over Ti=621/0,8 and is both weld=
able and seawater stress-corrosion resistant. No
information is avaflable, however, regarding its
fracture toughness,

RMI has recently announced that it will market Ti-
6Al-2Cb-1Ta~0. 8Mo anmd Ti-6Al-2Cb~1Ta-1. 2Mo under
the single designation Ti-6A)-2Ckh-1Ta-1Mo, Variations
in molybdenum coatent will be made to suit the
requirements of the customer {11)(9).

Oxygen and Interstitial element contents. Oxygen con-
tent influences the strength and toughness of this alloy.
Table 3.02113 shows a modest but consistent eleva-
tion in smooth tensile strength asseciated with an
increase in oxygen level from 0.058 to 0. 122 weight
percent, While the comparison 15 made for materials
given slightly different high temperature treatments
(1900F v& 1950F), this difference in heat treatments
would not be expected to produce thé observed differ-
ence in strength. Indeed, for water quenched stock,

2 lesser strength would be expected for the material
treated at the higher temperature {see Figure 3.0212).
The same difference in oxygen content(0.058 vs 0,122
weight percent) is shown in Table 3.03313 to produce a
significant difference in +32F drop-weight tear energy,
the higher axygen level being responsible for lower
values. The -8C0F standard Charpy V impact energy
in the same table does not glve a consistent measure of
the toughness change with oxygen level,

No data are avaflable to assess the influence of oxygen
content oa the seawater stress-corrosicn susceptibility
of this alloy. Results () on Ti=6Al-2Sn-1Ma—(1-2)V
and Ti-6Al-42r-(1-2)V compositions show, however,
that heavy concentratiens of oXygen lower the acqueous
salt solution stress-corrosion resistance of these
alloys. Inthe same study, wnalloyed titanium comn-
tairing & low amount of residual Fe, ¢, N, and H was
made sensitive to seawater stress-corrosion by
axygen contents above approximately 0,250 welight
pereent, Oxygen may indiveetly influence the stress
coxrosion sensitivity of Ti- Al alloys by affecting

the solubility of aluminum in primaxy alpha and by
affecting the kicetics of the TigAl precipitation
reaction; results on Ti- Al compositions (6) have shown
that alumipum in solid selution is not responsible for
siress-corrosion cracking, but that such is due to the
presence of coherent TizAl.

No results are available (0 establish the influence of
oxygen or other interatitial ¢lements onthe frasture
toughress of this alloy, nor the possible influence of
other interstitial elements on its acqueous salt solu-
tion stress~corrosion resistance.

2,032

2.033

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting point, approximately 3000F,

Phase changes, bera transus 1860%25F,

Thermal eonduetivity, at 70F, 3.7 Biu ft per (hr

sq ft F).

Thermal expanston, mean coefficient from 72 o 1200F,
5x 1075 in/in/F.

Specific heat.

Thermal diffusivity.

QOther Physical Properties
Density, 0.162 1b per ¢u in, 4.48 gr per cu cm.

Electrical resistivity.

Magnetic properties; alloy is nonmagnetic.
Emittance,

Damping capagity,

RELEASED JUNE 1969

Chemical Properties
Seawater stress-corrosion tests, general. The

presence of a sharp notch is 2 necessary requirement
for stress-corrosion cracking of titanium alloys in
seawater. The stress level at which seawater stress~
corrosion cracking failures take place in susceptible
titanium alloys varies with notch accuity (6). In some
instances a sharp machined potch is as damaging as a
oragk, but this depends on the sensitivity of the alloy.
This being the case, it is prudent 1o use eracked spegi-
mens in all comparative evaluations of stress-
corresion susceptibility of materials. All results
reported in this chapter were obtained using specimens
containing fatigue cracks,

Step load tests. There are two types of tests in
common use for the evaluation of seawater stress-
corrosion behavior: step load tests and sustained load
tests. Tke step load test scoms to be fairly standard
from one investigating Faboratory to another. Al use a
precracked bar subjected to cantilever loading. An
inftial load of about one=half the anticipated failure
load is applied and increased in 10 to 15 ksi incre-
ments every 5 to 10 minutes until failure. The failure
stress is called the nominal bend strength and is
caleulated for the aet section using simple bear
theory. The test is performed in both air and salt
water (or seawater} and the ratio of the two results

is an indication of stress-corrosion resistance.

Results presented in Figure 2.034 amd Table 2,035
sbow seawater-to-air rominal bend strength ratios
greater than 0.8 for base plate and GTA and GMA
welded plate, No evidence of corrosion cracking was
noted on the fracture surfaces of failed specimens,
leading the investigator (3)(6)}(13) to the conclusion
that the alloy is seawater stress-corrosion resistant.
Sustained load tests. The sustained load test is less
standardized than the step lead test, Both specimen
size and shape may vary. Thus the results in Fipure
2.038 were obtained using specimens of 1 inch x 1/2
ineh eross section with a fatigue crack about 5¢ percent
deep and side grooved, while the results in Table
2,037 were obtained from specimens of 1 inch x

7/8 inch eross section with a 30 percent deep fatigue
erack without side grooves.

Sustained Ioad test results are presented as the
stress intensity faetor, Ky, vs time-to-failure., No
account was taken of the influence of side grooves
for the data reported, as the same calculation for
stress intensity factor was used lor specimens both
with and withowt side grooves. Nor was any attempt
made 0 assure conditions of plane strain and small
scale ylelding at the advameing crack tip as the use of
Ky would imply, Al! the results presented in this
chapter fail to satisfy the size requirements for plane
strain testing as defined by ASTM Committee E-24
on Flane Strain Fracture Toughness of High Strength
Metallic Materials (12). Therefore the symbol Kg

is used in this ¢hapter rather than K.

Figure 2,036 indicates that z threshold siress intensity
factor of about 82 kBiJ-it-l may exist for as-rolled plate
on the basis of results to 50 kours helding time at that
stress intensity level. Results obtained on convention-
ally processed Ti=7Al-2Cb-1Ta show that the threshold
stress intensity factor determined from short time
tests satisfactorily characterizes Iong time behavior.
Specimens of that alloy tested at 5 to 10 ksiﬁ; less
than the indicated thresheld stress intensity factor did
not fail after 500 hours exposure. Onm this basis, the
threshold stress fntensity faster for stress corrosion
eracking failure in seawater for the present alloy

{82 ksi.\/ﬁ) may be valid.

Figure 2.037 indicates that the thrashold siress
intensity may be as low as 70 ksi,fin for plate in
various heat treated corditions. The same threshold
appears i0 characterize welds of this alloy (see
Figure 2.938),

Although these sustained load test results indicate a
time-dependent reduction in load carrying ¢apability
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of eracked specimens in salt water, the investigators 2.038 Sustained load seawater stress-corrosion behavior of
(2)(5)(14) conclude that this alloy is completely stress— as-rolled plate, Figure 2,036,
ecorrosion resistant in salt water environment, based 2.037 Sustained load seawater stress-corrosion behavior of
ou their interpretation that stresa~corrosion features plate in several heat treated conditions, Figure 2.037.
are absent on the fracture surfaces of failed speci- 2,038 Sustained load salt water stress-eorrosion behavior of
mens. This, of course, suggests that the same welded plate, Figure 2,038,
reduction in load earrying capacity would be expected 2,038 Effect of seawater environment on low and high eycie
for companion tests in air (14). fatigue strength of smooth ard mild notch specimens,
Fatigue. Figure 2.039% shows ro difference in high Figure 2. 039,
or low cycle fatigue strength for smooth or mildly-
notched specimens as a function of environment {i.e., 2.04 HNuclear Properties
alr vs seawater).
Seawater stress-corrosion behavior of plate, Figure
2,034
Seawater siress-corrosion behavior of welded plate,
Table 2.035.
TABLE 2.035
Source {3, p- 15)
Alloy Ti-6Al~2Cb-1Ta~0.8Mo
Form 1 inch rolled plate, welded (1)
Sea Water
F,, {2) Stress-Corrosion (3){4}
Filler Metal ty Heat Affected Zone
Wire Condition (0.2 Percent Sn. g S,
Welding Nominal Diameter of Offset) i . =
Progess | Composition Inch Weldment ksi ksi Sna.‘u-
GTA Ti-621/0.8 | 1/8 Flat
Strip As-Welded 115 236 252 1.07
Ti-621/0.8| 1/8 Flat
Strip 900F, 2 hrs, AC 115 235 232 1.01
Ti-621/0.5 0.062 As=-Welded 105 230 224 1.02
Ti-621/0.5| 0.062 900F, 2 hrs, AC 108 211 228 1.08
GMA Ti-621-0.5 0.082 As=Welded 148(5} 222 216 ¢, 97
Ti=621/0.5 | 0.062 S00F, 2 hrs, AC 113(5} 228 211 ¢.94
Ti-621/0.5 | 0.062 As-Welded 113(8) - - -—=
Ti-621/0.5| 0.062 800F, 3 bhrs, AC 116(6} — m— —
{1) See Table 4,031 for weld joint configuration
(2} Remadnder of smooth properties correspending to these stress-corrosion data appear in Table 4,031
(3) See Figure 2,034 for specimen configuration and definition of Snajp and sﬂsw'
{4) Properties of weld metal are:
Sna,-_,_- Snsw/ S“air
As-Welded 222 0.98
900F, 2 hrs, AC 217 1,15
(5) Determined using SR-4 strain gauges mounied oh weld metal of specimen
(6) Determined from "all-weld" specimen
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Military's specified properties, Table 3.013.

TABLE 3.013

Source )
Alloy Ti-6Al-2Ch~1Ta=0. 8Mo
Form Plate up to 2,750 inches *
Condition Mill Annealed
Fy,» minimum - 103

kesi
F‘y. minirgum- 95

ksi
e( 2 inches mini~ 10.0
mum or 4D) -
pereent
*Rolled from above the beta transus temperature

3.014 Producer’s guaranteed properties for alpha=beta
processed sheet and plate, Table 3.014.
TABLE 3,014
Source 2]
Alloy Ti-6Al-2Cb-1T2-0.8Mo
Form Sheet and Plate
Condition Alpha=Beta Processed + Full Annealed
1650F, 1 br,- AC
20,125 | 20,500 >1.00}1 >2.50
Thickness T0.125 to to to to
Inch 0.500 1.00 2.50 4,00
Fyy » minimum - ksi | 130 125 125 120 115
Fty’ minimum - ksi 120 115 115 110 103
Fcy’ minimum - ksi 120 115 110
e{Z inches), minimum
- percent 10 10 10 10 10
RA, minimum -
percent 20 20 20
Standard Charpy V
1E @ 32F - fi~ibs 21 23 25

No fracture toughness_or sea water stress-corrosion data are
available for Alpha-Beta processed material

Ti 3. MECHANICAL PROPERTIES
1
6 3.01 Specified Mechanical Properties
Al 3.011 Producer's guaranteed properties for plate, Table
3.011.
2 Ch
} Ta Table 3.011
08 Mo Source (1)
Alloy Ti-6A1-2Ch-1Ta-1Mo
Ti-6A1-2Cb | Fom Plate
Condition As-Rolled*
- 1Ta-08Mo Thickness, inch <1 >1 to 3
Ftu’ micimum - ksi 120.0 115.0
Fly' miniroum - ksi 110.0 100.0
Fc , minimum - ksj 118.9 168.0
e{lyin;ch). minimum - percent 16 10
RA, minimum - percent 20 20
Standard Charpy V, minimum =
ft-1bs +32F 25 25
-80F 21 21
*Rolled from above the beta transus temperature
3.012 Producer's guaranteed properties for billet produsts,
Table 3.012.
TABLE 3.012
Source (1)
Alloy Ti-§Al-2Cb-1Ta-1Mo
Form Billet Producis*
Full Section ** | Test Forged **¥
Test Condition $10inch rd [>4inch vd to
12 inch =d
Ftu' minimum =~ ksi 115.0 125.0
FB" moinimum - ksi 100.0 110.0
Fcy' minimum - ksi 105.0¢ 115.0
e{l inch), minimum - percent 10 10
RA, minimum - percent 20 25
Standard Charpy V, minimum -
fi-ls, +32F 23 25
*Processed from above the beia transus temperature
=*AsHforged or forged and full annezled 1650F, 1 hr, AC
***Test forge procedure: 3:1 upset to maximum 7/8 inch thick
from above beta sransus and full annealed 1650F, t hr, AC
cope 3720
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3,02
3.021
3.0211

3.0212

3.6213

3.0214

3.0215

Mechanieal Properties at Room Temperature
Tension {see 3.031)

Solution treated tensile properties of plate specitnens
air cooled or furnace cooled from various solution
temperatures, Figure 3.0211,

Solution treated tensile properties of plate specimens
water gquenched from various solution temperatures,
Figure 3,0212,

Effect of quench delay op solution treated tensile
properties of plate, Figure 3.0213.

Effect of aging temperature on tensile properties of
plate, Figure 3.0214.

Effect of aging time on tensile properties of plate,
Figure 3.0215,
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3.0216  Alpha-beta versus beta solution treatment regarding
tensile properties of as-quenched or quenched and aged
plate, Table 3. 0216.

ALLOYS

TABLE 3.0216
Source (4, p. 10)(5, p. 26)
Alioy Ti-6Al-2Ch-1Ta=0.8Mo
Form 1 inch rolled plate
Test Fey | F, L(l in}| RA
Condition Direction] Kksi ksty % %
As~rolled L 119.6]101.8|10.8 | 23.1
T 123.01105,0(12,5 | 33.6 |
Alpha annealed L 118.2| 99.2|12.5 | 28.0
(1600F, 1 hr, AC) T 122.4]107.4]12.5 | 31.9
Alpha-beta annealed, air-cooled L 1182 97.7]12.56 [ 31.3
(1815F, 1 hr, AC) T 122,2}104.0{13.0 | 35.0
Alpha-beta solution treated, quenched| L 126.0(101.2[13.0 | 29.0
{I815F, 1 hr, WG} T 129.0/108.4{11.8 | 30.7 3.0217 Tensile and compreasive properties of 1 inch and 2,5
Alpha-beta sclution treated, aged L 127.0|108.5(10.5 | 20.8 fnch * plate from two beats and in several heat treated
{L815F, 1 hr, WQ+1100F, 2 hrs, T 138.5(118.9]10.5 |z2.1 conditions. Table 3.0217.
AC)
Beta annealed, air-cooled L 123.2§101.4]11.8 | 24.8
(1800F, 1 hr, AC) T 123.2]103,4{12.2 | 27.7
Beta solution freated, guenched L |131.1}120.2012.8 | 31.0 TABLE 3.0217
(1900F, ihr, WQ} T 126,1{108,0]| 8.8 { 23.8 Source {2, pp. 21,22, 23, 26)
Beta solutien treated, aged L 135.3{117.1] 5.5 | 24.8 Alloy Ti~6Al-2Ch=1Ta=0.8Mo
{1900F, 1 hr, WQ+1100F, 2 lfé. T 135.41116.2| 9.5 | 21.2 Form Rolled Plate
! Plate
Each value average of two tests, Thickness Test Fey | Fro | Fry |e(1in) RA
Heat | Inches Direction | ksi |ksi | ksi | % %
As Rolled
A 1 L 120.7| 88.9{ 17.0| 30.4
T 123.5]105.6 17.0 | 28.4
B 1 L 103.6{118.6| 85.6| 17.0{ 35.4
T 109.8]121.6 |102.4 | 11.0 | 30.6
B 2,34 L 101.2/1127.6| 96.91] 12,5 | 32.¢
T 99.5/117.4{ 98.6[12.0] 32.8
1650F, 1 Hour, AC
A 1 L 120.1|102.2| 14.0 | 30.7
T 120.6|101.C | 22,8 | 26.0
B 1 L 107.6/118.6 | 94.7] 15.5 | 4.4
T 115.1]118.51 96.9] 14 5 { 35.2
1875, 1 Hout, WQ
B 1 L 112.2]127.8|108,.6{ 10.2 | 18.6
T 114. 0
B 2.5(1)@2) L 114, 8/125.9 {2070 10.0 | 23.0
T 117.8/122,2]106.5] 10.0 § 28.0
1873 F, 1 Hour, WQ + 1100F, 2 Hours, AC
B 1 L 118.0j130,2|111,5| 11.2 { 20.8
T 121.6[130.8112.2 [ 9.2 | 16.2
2.5(1)(2) L 123.6/129.3|115.4| 10.0 | 13,4
T 120.8/128.9[115.8) 8.8 | 14.4
1875F, 1 Hour, W@ + 1100F,-8 Hours, AC
B 1 L 121, 4127.8|109, 7 9.5 26.6
T l123.:_ll31.7 114.6[ 9.8 18,0
2000F, 1 Hour, 70 Seconds Delay {in air), WQ
A 1 L . 126.20105.8]11.0 ] 24.2
T 127.5)107.6] 9.8 | 26.8
B 1 L 112.90/124.4| 98.8] 12.0 | 26.1
T 120,41126.61102.11 10,2 | 19.4
2000F, 1 Hour, 70 Seconds Delay (in air), WQ + 1000F, 4 Hrs,
AC
B l 1 ! L |123.j128.1 105.4' 7.5 | 11.2
T 122,4129.64103.4] 9.5 | 14.7
2000F, 1 Hour, 70 Seconds Delay (in air), WQ + 1100F, 8 Hrs,
AC
A 1 L 126.81109,8( 10.8 | 20.3
T 131,6|114.7| 0.0 | 16.2
B 1 L 116, 24128.0)109.1[ 5.2 | 10.8
T 122.0130.0|111.0| 8.8 ] 14.9
Each value average of two tests,
(1} Specimens taken from mid-thickness.
{2} 1.5 hours at solution temperasure.

Ti

Ti

6 Al

2 Cb

| Ta

0.8 Mo
Ti-6AlI-2Cb

- Ta-08Mo
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Ti 3.0218  Tensile and cormnpressive propertles as a function of
! specimen location and direction for as-rolled 1 inch
6 Al and 2.5 inch  plate from two heats, Table 3.0218,
2 Cb
] Ta
0.8 Mo TABLE 3.0218
Source 3, 0.9)
: Allo, -6 Al- -0,
T"'GA"ZCb Y Ti~8Al-2Cb-1Ta-0. 8Mo
Form Rolled Plate
-1Ta -08 Mo Condition As-Ralled
Specimen Location
Plate in Plane in Plate
Thickness | of Plate Thicknegs- Specimen Fcy Fiu Fry |e{linch)| RA
Heat Inches {area} Diregtion Direction ksi ksi ksi percent | percenmt
A 1 1 Mid-Thickness L 110 120 12 12 32
T 111 121 101 12 23
A 1 2 Mid-Thickness L —— 120 102 | 14 as
T - 121 101 12 25
B 1 1 Mid-Thickness L - 119 98 14 38
T —-— 120 101 1z 27
B 2.5 1 Suriace L 106 117 97 12 28
T 107 120 100 11 30
Mid- Thickness L 107 117 96 13 30
T 105 117 89 11 32
B 2,5 2 Surface L “—— 118 a7 12 29
T — 120 ioc 12 23
Mid- Thickness L - 118 a7 14 32
T -— 119 98 14 35
B 2.5 1 pa—s mma ——e ST 103 117 96 11 38
0.505 inch diameter tensile specimens: Specimen locations in plane of plate
each value average of two tests. aa 10
2 inches
a0 ) W
inches M inches
area
1 10 inches
48
I inches _—.%

3.0219  Variation in room temperature tensile properties and
-80F and +32F standard Charpy V impact energy as a
function of specimen location for as-rolled ang heat
treated 2.5 inch  plate, Table 3,0219.

TABLE 3.0219

Scurce (3, p.B)
Alloy Ta=~6Al-2Cb-1Ta-0.8Mo
Form 2.5 inch Rolled Plate

Room Temperature Standard Charpy V.
Tensile Properties Impact Energy

Specimen{ Fp, [ Fiy [e{l i) RA fi-ibs
Condjtion Location] ksi | ksi % |@-BOF | @ +32F
As=Rolled Surface 117 a7 12 28 27 33

Mid-Thick} 117 96 13 31 26 34
2300F, 1 hr, |[Surface 127 108 9 19 29 40
wQ Mid-Thick| 122 104 & 15 29 36
2300F, lhr, |Suriace 130 114 7 14 26 32
WQ+1100F,
2hrs, AC Mid-Thiek| 125 108 8 16 25- 30

All longitudinal properties.

Heat treatments performed on 5x4x2.5 inch sections, specimens
removed from the center of these sections at either the surface or
raid-thickness locations.

cope 3720
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3,02110 Room temperature tensile and compressive strengths
and -80F and +32F impact energies for as-rolled plate Ti
of various sizes, Table 3.0211¢0.
6 Al
2 Cb
] Ta
0.8 Mo
Ti-6Al-2Cb
-1 Ta-08Mo
TABLE 3.02110
Source (1)
Alloy Ti-6Al-2Ch-1Ta-1Mo
Forimn Rolled Plate
Condition As-Rolled
Standard Charpy v
Room Temperature Properties Impact Energy
Test T, ™ Fy, PO inch) | RA ft-lbs
Size - Inches Direction] ksi kai kst percent | percent +32F -80F
1/2%24x60 L 135.5 124.2 10.0 34.0 28.0 26.0
T 138.0 127,4 11.0 36.0 25,0 22.5
1x24x66 L 113.0 121.90 106, 0 13.0 41.0 29.0 26.0
T 126.0 126.0 114.0¢ 12.0 28,0 30.0 22.5
1 3/4x65 diameter L 120,0 104,0 11.0 35.0 27.0
T 123.9 108.9 1.0 31.0 27.0
2x40x50 L 124.0 122.5 111.5 12.0 3.0 24.0 27.0
T 114.0 1220 110,90 14.90 39.0 27.4Q 25.90
2 3/6x36x45 L 114.0 122.0 107.0 14.9 25.0 45.5 26.5
T 126.0 124.0 110.0 13.0 23.0 31.0 25.5
2 3/8x19 1/2x112 L 122.9 121.0 108.5 13.5 33.0 35.0 36.0
T 116.6 121.0 107.0 15.0 33.5 41.0 34.0
2 3/8x 20x75 L 12,9 120.5 106.5 12,5 29.0 36.0 34.0
T 119.5 121.5 107.0 13.5 25.0 37.0 3__4.0
3x46xd6 L 111.3 117.4 100.3 13.5 29.5 28,0
I 113.7 121.5 102.8 14.¢ 26.0 27.5
4%24%86 L 115.0 47.0 13.¢ 24.0 25.0
T 117.7 93.0 14.0 25.0 28.0
Not all from same heat. Center pruperties. Single Tests.
cOCE 3720
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NONFERROUS ALLOYS

T. 3.0211F Room temperature tensile and compressive properties
! and -80F and +32 impart energies of as-forged
6 Al pressure vessel cover, Table 3,02111.
2 Cb
I Ta
0.8 Mo
Ti-6Al-2Cb
- 1 Te-08Mo
TABLE 3.02111
Souree 1)
Alloy Ti~6Al=2Ch-1Ta~¢.8Mo
Form Pressure Vessel Cover
Condition As-Forged
Room Temperature Properties |Standard Charpy V
Impact Energy
Specimen I‘.__,y Fre | Fey |efl in) RaA ft=lbs
Location ksi | ksi | ksi % % +33F =80F
TT-1 126.3{105.9] 13 | 37.2
TT-2 125.5/110.1| 18 39.6
TT-3 125.6{109,0f 13 36.9
TT-4 127,6/116.8| 15 38.6
TT-5 126.9|111.8] 13 22.7
TT~6 128.3|117.3| 15 35.8
AT-1 126.2(113.3] 14 28.6
AT-2 126.0(113.3] 14 36.7
AT-3 126.3(112.8] 14 | 37.2
AT-4 126,1|112,9F 14 3B.6
RC-1 122.1i
RC=2 118.9
AC-1 119.5
AC-2 121.8
AC-3 128.2
AC-4 11%.6
TI-1 39.0
TI-2 44.0
TI-3 39.0 -
TI-4 33.0
TI-3 28.0
TK6 27,5
A1 38.0
A2 43,0
AF3 £1.0
Al-4 29.0
AL-5 28.0
A6 29.0
copE 3720
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8 5/8
f——— 2 11/16
f— 1 -'Vl.ﬁj
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[} - . ~
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\
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A\
N
\ A\ 3/4
& N
& oo
i
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i o / o ——
X o i &
,ﬂz\!:,'a IJ |
?‘\0
l\g,s AC-3,4
&t
Ref,
— 13/32
TABLE 3.02111

SPECIMEN LOCATION DIAGRAM

Ti

Ti
6 Al
2 Cb
i Ta
0.8 Mo
Ti-6AlI-2Cb
-1 Ta~-0.8Mo
conE 3720
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NONFERROUS ALLOYS

RELEASED. JUNE 1969

. 3.02112 Room temperature tensile properties and +32F impact 3.02114 True-stress/true-strain curves for 1 inch and 2.5
Ti energy of forged dome, Table 3.02112. ineh  as-rolled plate, Figure 3.02114.
6 TABLE 3.02112 3.022 Compression (see also 3.032 and Tables 3.0217,
Al 3,0218, 3,02110, and 3.02111)
2 ch Source {1) 3.0221  Effect of tensile prestrain on compressive yield strength
Alley Ti-641-2Ch~1Ta-0. 8Mo of plate (Bauschinger Effect) with and without stress
| TO Form Forged Dome relief treatment, Table 3,0221.
0_ 8 Mo Condition As-Forged
Room Temperature IStanda.rd Charpy ¥
1. - Properties Impact Energy
Ti-6Al 2Cb Specimen Fy | ¥y [eflin)] RA @azF
- Ta~08Mop | Lecation keai | ksi % ft~lbs
1 122.1[107.4 10.5 | 27.2 TABLE 3.0221
2 122.610g.2| 12.5 | 29.9 21,0 Souree (3, p.13)
3 122.6[108.4| 12.0 | 30.5 Alloy Ti-8 Al-2Ch-1Ta~{).8Mo
4 124.8[113.6{ 17.0 | 30.5
5 130.00114.0) 9.5 | 22.3 22,0 Form 1 Inch Flase
[ 129.4118.0] 17.5 | 38.8 23.5 {ondition As-Rolled
ki 130.2018.6| 17.5 | 37.2 23,5 Tensile Strees Relief Fc
8 135.6023.8( 15.0 | 37.5 27.0 Preatratn Treatment k_{
9 133.4p22.2f 15.0 | 37.2 22.0 Percent Temp-F| Howrs |(0.01% OFfeet) ] (0.5% Oftson)
0.0 RT - 87 110
31z 5 4 1.28 RT - 45 89
1.28 600 1 53 86
1.28 600 3 65 LE]
p 1.28 200 1 75 104
_L —"IO.GZSi‘—
Compression
—f_ Specimen
17/8
6
8
2,023 Impact (see 3,033}
9 3.024  Bending.
3.025 Torsicn and shear.
3.026 Bearing.
! 20 3.027 Stress concentration (see 2.03 for influence of sex—
I~ water on eracked specimens),
3.02113 Effect of oxygen content on tensile properties of plate 3.0271  Notch properties.
in various heat treated conditions, Table 3.02113.
TABLE 3,02113
Source {4, p.10)
Alloy Ti=-6Al-2Cb-1Ta-0.8Mo
Form 1 inch Rolled Plate
Test Fin FB’ e(1 inch) RA
Conditicn Direction ksi sl percent percent
Al Cb Ta Mo Fe c N [v]
Weight Percent 6.2 2.40 1.00 0.74 0.06 0.02 0.006 0,058
1300F, 1 Hour, AC L 123.2 101.4 11.8 24.6
T 123.2 103.4 12,2 27.%
1900F, 1 Hour, WQ L 131.1 110.2 12.8 31.0
T 128.1 108.0 8.8 23.8
1900F, 1 Hour, W@ + 1100F, 2 Hours, L 135.3 117.1 9.5 24.8
AC T 135.4 1i6.2 9.5 21,2
al ch Ta Mo Fe C N o
Weight Percent 6.0 1.98 0.%2 0.80 0.05 0.93 0.006 0.122
1859F, 1 Hour, AC L 127.6 105.5- 12.2 27.8
T 128.5 106.3 12.5 26.5
1850F, 1 Hour, Wi L 135.2 115. ¢ 11.5 27.3
T 136.6 116.6 10,5 19.4
1950F, 1 Hour, W@ ~+ 1100F, 2 Hours, L 137.1 119.8 12,5 5.4
AC T 139.0 121.1 9.2 15,0
All values average of two tesis.
cobe 3720
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3.0272

3.028
3.03
3.031
3.0311
8.0312
3.0313
3.032

3.033
3.0331

NONFERROUS ALLOYS

Fracture toughness. There exists no information on 3.0332 Room temperatre yield strength and ~80F standard
the plane strain fracture toughness of this alloy, even Charpy V impact energy of plate specimens air cooled
though the alloy is intended for siTuctural applieations or water guenched from varicus solution tempera-
in deep diving submersibles where beavy sections may tures, Figure 3.0332,
operate under corditions of plane strain, In additien, 3.0333  Effect of quench delay on room temperature yield
femperature lower than ambient will be encountered strength ard -80F impact epergy of solution treated
in marine applications, increasiog the possibility of plate, Figure 3.0333,
plane strain failures, 3.0334  Effect of aging temperature on room temperature
Judging from the scatter in Charpy V energies (see yield strength and ~80F impaet energy of plate,
Figure 3.0331) it might be expected that considerable Figure 3,0334.
scatter in frasture toughness values would be encoun— 3,033  Effect of aging time on room temperature yield
tered. strength and ~80F impact energy of plate, Figure
Combired properties, 3.0335.
3.0336 Room temperature yield strength and +32F standard
Mechanical Properties at Various Temperatures Charpy V impact energy of plate air cooled from
Tension (see 3.021) various solution temperatures, with and without
Effect of test temperature on tensile properties of subsequent aging, Figure 3. 0336.
stress relieved pancake forging, Figure 3.0311. 3.0337  Alpha-beta versus beta solution treatment regarding
Effect of test temperature on tensile properties of =80F standard Charpy V and +32F drop weight tear
full annealed pancake forging, Fipure 3.0812. energies of as=quenched or quenched and aged plate,
Effect of test temperature on tensile properties of Table 3,0337.
solution treated and aged pancake forging, Figure
3,0313.
Compression,
Impact (see Tables 3, 0219 through 3.02112)
Efiiect of test temperature on standard Charpy V
impact energy of 1 inch and 2,5 inch as=-rolled
plate from two heats, Figure 3.0331,
TABLE 3.0337
Source 4, p.10E, p. 26)
Alloy Ti-6Al-2Ch—21Ta-0.8Mo
Form 1 Inch Rolled Plate
Standard Charpy V Drop Weight
Fiy Impact Energy Tear Energy
Test ERT @ -80F @ +32F
Condition Directicn ksi ft-lbs ft=1bs
As-Rolled L 101.8 23.5 2266*
T 203.0 23.0 2146%*
Alpha annealed L 99,2 29.2 2443
(1600F, 1 Hour, AC}) T 107.4 32.2 2846
Alpha-beta annealed, air-cooled L 97.7 32.5 2560
§15F, 1 Hour, AC) T 104.0 28.2 2266
Alpha~beta solution treated, quenched L 101.2 27.8 2560
{1815F, 1 Hour, WQ) T 108.4 32.2 2443
Alpha-beta solution treated, aged L 108.0 25.5 2086
(18153F, 1 Hour, WQ + 1100F, 2 Hours, AC) T 118.9 29.0 1905
Beta anmealed, air-cooled L 101.4 33.0 2618
(1900F, 1 Hour, AC} T 103.4 28.2 1966
Beta solution treated, quenched L 110.2 30.5 2266
(1900F, 1 Hour, W@) T 108.0 26.8 2266
Beta golution treated, aged L 117.1 24.0 1723
(1900F, 1 Hour, WQ + 1100F, 2 Hours, AC) T 116.2 23.2 2146
All values average of two tests except DWT values which are indfvidual results.
Smocth tensile properties presented in Table 3.0216 correspond to these impact data,
Same DWT specimen as in Table 3.0338 except 18 inchea long by 4.5 inches deep,
*In a separate study on this same heat, the following results were cbtained:
2384 ft-lbs{L) and 1784 ft-Iba(T) {5, p.25)

Ti

Ti

) Al

2 Cb

] Ta

0.8 Mo

Ti-6AlI-2Ch

-1 Ta-08Mo

CobE 3720
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Tl 3.0335

6 Al

2 Cb

| Ta

0.8 Mo
Ti-6Al-2Cb
-[Ta~-0.8Mo

cove 3720
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Room temperature yield strength, -80F standard
Charpy V and +32F drop weight tear energies of 1 inch
plate ig several heat treated conditions, Table 3, 0338,

TABLE 3.0338
Source (2, p.23)
Alloy Ti-5Al-2Cb-1Ta-0.8 Mo
Form 1 Inch Rolled Plate
Standard Charpy V Drop Weight
Fry Impact Energy Tear Energy
Test @RT @ -80F @ +32F
Direction ksi ft-Ibs ft-1bs
As-Rolled
L 93,6 32.3 2325*
T 102.4 27.0 1582*
1650F, 1 Hour, AC
L 94.7 30.5 1966
T 96.9 29.0 1966
1966+
1875F, 1 Hour, W@ + 1100F, 2 Hours, AC )
L 111.5 25.0 1662
T 112.2 21.5 1630
1875F, 1 Hour, WQ + 1100F, 8 Hours, AC
L 109,17 24.2 1784
T 114,6 22.8 1478
2000F, 1 Hour, 70 Seeo¢nds Delay (in air), WQ
L 98.8 18.8 1228
T 102.1 19.5 1296
2000F, 1 Hour, 70 Seconds Delay {in air), WQ + 1000F, 4 Hours, AC
L 105.4 18.5 1296
T 108.4 22.2 1478
1113%*

2000F, 1 Hour, T0 Seconds Delay(in air), WQ + 1100F, 8 Hours, AC

L

109.1

T

111.0

18.0
18.5

1478
1418

Each value average of two tests.
Smooth tensile and compressive properties for heat B in
Table 3.0217 correspond to these Impact testa.
*In 4 preliminary study on this same heat, the following results wersl
obtained: 2206 ft-lbs{L) and 1966 ft-1bs(T). (5, p.25)
**0, 025 inch removed from each surface by machining prior to test.

Dynamic Load

_l P
p
\b;r;]_ 1/2 P 1
17
4 Eritile Weld :
13/4 {Electron Beam) N l
r=l 3/8
16

Drop-Weight Tear Test Specimen
{brittle weld initiates crack)

RELEASED. JUNE 1968
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3.0339  Effect of oxygen content on room temperature yield Ti
strength and -80F standard Charpy V impact and +32F ]
drop weight tear energies of plate in various heat 6 Al
treated conditions, Table 3.0339.
2 Cb
| Ta
0.8 Mo
Ti-6Al-2Cb
- | Ta-08Mo
TABLE 3.0339%
Source (4, p. 10)
Alloy Ti-6Al-2Cb-1Ta-0.8Mo
Form 1 Inch Rolled Plate
F Standard Charpy V Drop Weight
ty impact Energy Tear Energy
Test @RT @ -BOF @ +32F
Condition Direction ksi ft-1bs fi-1bs
Al Ch Ta Mo Fe [+ N o]
Weight Percent 6.2 2.40 1.60 0.74 0.06 0,02 0.006 0.058
1900F, 1 Hour, AC L 101.4 33.0 2618
T 103, 4 28.2 1966
1300F, 1 Hour, W@ L 110.2 30.5 2266
T 108.0 26.8 2266
1300F, 1 Hour, WQ + 1100F, 2 Howurs, L 117.1 24.0 1723
AC T 116.2 23.2 2146
Al Ch Ta Mo Fe C N v}
Weight Percent 6.0 1.98 0.92 0,80 0.05 0.03 0.008 0.122
1850F, 1 Hour, AC L 105.5 24.8 1784
T 106.3 25.5 ———-
1950F, 1 Hour, WQ L 115.0 22,5 ———
T 116.6 24.0 ——
1950F, I Hour, WQ + 1100F, 2 Hours, L 119.8 22.0 1173
AC T 121.1 23.2 ——
All values average of two tests, except DWT values, which are individual results.
Smooth tensile properties presented in Table 3.62113 correspond to these impact data.
Same DWT specimen as in Table 3. 0338 except 18 inches long by 4.5 inches deep.
3.034 Bending. 3.065 Secant modulus: 12,5 x 10% pst (0.2 percent offset yield
3,035 Torsion and shear, gtrength),
3.036 Bearing.
3,037 Stress concentration.
3.038 Cembined properties. 4, FABRICATION
3.04 Creep and Creep Rupture Properties 4.01 ormabilif
4,011 Recommended forging temperatures: blocking, 1850~
3,05 Fatigue Properties (See also Figure 2,039) 1950F; finishing, 1300~1B50F,
3,051 Low eycle fatigue crack growth rate for mildly-npotched
plate specimens, Figure 3.051. 4.02 Machining
3.06 Elastic properties, See other titapium alloy chapters and Air Force
3.061 Poisson's ratio : elastie, 0.31; plastic, 0.42. Machinability Data Center, Metcut Research Assoc.,
3.082 Modulus of elastieity: Ep=17.0 x 106 psi; Cincinnati, Ohio 45209,
Ee=18.3 x 10° pst.
3.063 Modulus of rigidity. 4.03 Welding
3.064 Tangent modulus: 3,10 x 105 psi (0.2 percent offset Alloy is weldable (see also Table 2.035 and Figure
yield strength), 2,038).
cope 3720
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NONFERROUS ALLOYS RELEASED. JUNE 1969
Room temperature tensile properties of welded 1 inch
plate in as-welded and in siress relieved conditions,
Table 4.031.
Table 4,031
Source 3, p.15)
Alloy Ti~54l=2Cb~1Ta-0.8Mo
Form 1 Inch Rolled Plate, Welded
Filler Metal Room Temperature Tensile Properties
Wire Condition Fty Location
Welding Nomiral | Diameter of Fin (0.2% Offsetyle(l inch) | RA of
Process |Composition Inches Weldment ksi kst percent | percent Fracture
GTA Ti-621/0.8| 1/8 Flat
Strip As-Welded 127 115 g 26 Base Metal
Ti~621/0.8| 1/8 Flat
Strip 900F, 2 Hrs, AC 129 115 10 25 Base Metal
Ti-621/0.5( 0.062 As-Welded 123 105 Il a3 Base Metal
Ti-621/0.5| 0.062 B00F, 2 Hra, AC 124 108 11 31 Base Metal
GMA Ti-621/0,5] 0.062 As-Welded 12¢ 108Q1) 10 31 Base Metal
Ti-621/0.5| 0.062 900F, 2 Hrs, AC 127 11301} 9 26 Base Metal
Ti-621/0.5| 0.062 As-Welded 125 113(2) 12 23 Weld
Ti-821/0.5| 0.062 900F, 3 Hrs, AC 127 116(2) 11 25 Weld
459
(1) Determined using SR-4 strain gauges mounted
on weld zone of specimen,
{2) Determined from "all weld" specimen.
1 inch
| —b 1716 inch
¥
"J Groove™ Buxt Weld

Stress-straln curve for weld zone of GMA welded

plate, Figure 4,032,

Room temperature yield strength and +32F standard
Charpy V impaet energy of welded 1 ineh plate,

Table 4.033.

Tl 4,031
6 Al
2 Cb
| Ta
0.8 Mo
Ti-6Al-2Cb
-1 Ta-08Mo
4,032
4,033
4,04
4,05
cobe 3720
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TABLE 4.033
Source {3, p.15)
| alloy Ti-6Al-2Cb-1Ta-0, §Mo
Form 1 Inch Relled Plate, Welded(8)
Standard Charpy v
Filler Mstal Fry(5) Impact Energ::(l)
Wire {0.2 percent
Weldig | Nominal | Diameter Condition of Offser) @+32F - ft-lbs
Progess  |Composition} Inches Weldment kei Weld Zone |HAZ
GTA Ti-621/0.8} 1/8 Fla:
Strip As-Welded 115 - 4%
Ti~-621/0.8| 1/8 Flat
Strip 900F, 2 Hrs, AC 115 32 41
Ti-621/0.5| 0.062 Ag-Welded 165 - 43
_Ti-621/0.5| 0,062 800F, 2 Hrs, AC 109 -- 40
GMA Ti-621/0.5| 0.062 As~Welded 108(2) 39 41
Ti-621/0.5] 0.062 900F, 2 Hrs, AC 113(2) 35 39
Ti=621/0.5] 0,062 As-Welded 113(3) 40(4) -
Ti-821/0.5] 0.062 900F, 3 Hrs, AC 116(3) 38(4) --
(1) Drop-weight tear energy for GMA weld using Ti-621/0.8 filler is (5, p.25):
As-welded, 2026 ft-lbs
As-welded + 1900F , 1 Hr, Helium Cool, 2560 ft-1bs
{Same DWT specimen as in Table 3.0338 except 18 inches long x 4.5 inches deep)
(2) Determined using SR-4 strain gauges mounted on weld metal.
(3) Determined from 'all weld" specimen.
(4) AL =80F, 35 ft~1bs for as-welded and for 900F, 3 hrs, AC conditions.
(3) Remainder of smooth tensile properties corresponding to these impaest data appear in Table 4,031.
{6) Weld join: eonfiguration is shown in Table 4.031.

Heat Treatment

Surface

eatment
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STRESS, KSI

NONFERROUS ALLOYS

60

50

40

30

20

19

Ti~6Al-2Ch~1Ta~0.8 Mo
1 INCH PLATE, AS ROLLED
N
(o)
N
900 F
o\ <
]
q
= - 1000 F
[=] [=Zh—
INITIAL STRESS = 0,2% OFFSET YIELD STRENGTH
AT THE TEST TEMPERATURE.
i L 1] 1 1 A
0 3 6 9 12 15 18 21 24
TIME, HOUR
FIG. 1.0511 STRESS RELAXATION OF PLATE AT 900 AND 1000 F
(3, FIG. 8)

TEMPERATURE - F

Ti

. =="

p— —— =

—— T

T v T
Ti-6A]l-2Ch-1Ta-0.8Mo
1 INCH PLATE

COOLING RATE CURVES:
THERMOCOUPLE BURIED

INCENTEROF 1 INx7TINX TIN

COUPON - AIR COOLED

1900

tﬁ?wi
N

/o

0,

4’2

1800

\SQ"SJF ‘\o\

° \5& STESTe
Nol = -
[
| T

N
2

)

1700
20

40

&0 80
TIME - SECONDS

100

FIG. 1.0551 COOLING RATE CURVES FOR 1 INCH PLATE COOLED

IN AIR.

(2, p. 20)

Ti
& Al
2 Cb
[ Ta
0.8 Mo
Ti-6Al-2Cb
-1 Ta-08Mo
120
cobe 3720
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Ti
6 Al
2 Cb
i Ta
08 Mo
Ti~-6Al-2Ch
-1 Ta-08Mo
L
5
&
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Ti~6Al~2Cb-1T2-0.8Mo
HEAT A, 1 IN ROLLED PLATE (6, FIG. 11) {3, pp. 4 AND i1}
JdL  AS ROLLED

‘:? } ASROLLED + 1100 F STRESS RELIEF, AIR COOLED

HEAT B, 1 IN ROLLED PLATE (3, p. 4)
L4
‘T} AS ROLLED
HEAT B, 2.5 IN ROLLED PLATE (3, pp. £ AND 11}
A L, SURFACE
L, MID-THICK ; AS ROLLED
¥ T, MID-THICK
AL, SURFACE AS ROLLED + 2100 F, 1 HR, AIR COOLED
VL1, MID~THICK
HEAT €, 3/4 INROLLED PLATE {3, p. 5)
OL 1950 F, 1 HR, AIR COOLED + 1100 F AGE, AIR COOLED

HEAT D, 1 IN ROLLED PLATE (3, p. 6)
2%} 1920 F, 1 HR, AIR COOLED + 1100 F AGE, ATR COOLED

1.2

0.8

0.6

0 4 -3 12 16 20

AGING OR STRESS RELIEF TIME - HOURS

CANTILEVER-BEAM
SEAWATER STRESS- CRACK IMMERSED IN SEAWATER

CORROSION SPECIMEN {RESERVOIR NOT SHOWN)

NOTCH + FATIGUE CRACK-0,14

LOAD
— 0,420

L — [ el o, 420

INITIAL LOAD~50 PERCENT ANTICIPATED FAILURE LOAD;
LOAD INCREASED IN 10-15 KSI INCREMENTS EVERY 5-10 .
MINUTES UNTIL FAILURE.

Sn = NOMINAL BEND STRENGTH IN SEAWATER.
SW

5y = NOMINAL BEND STRENGTH IV AIR
AIR

5, CALCULATED ON NET SECTION USING SOMPLE BEAM
THEORY: S, = Mc
I

FiG.

2.034¢ SEAWATER STRESS CORROSION BEHAVIOR OF PLATE.

RELEASED. JUNE 1963
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NONFERROUS ALLOYS

Ti-6A1-2Cb-1Ta-9.8Mo
1 INCH PLATE, AS"ROLLED

120
N
110

100

\

\\.\ .
~J

—— |
. e

Kg = KsIVIN

80 | HEAT A, LONGITUDINAL
Fopy = 101.8 KSI

T0 HEAT B, TRANSVERSE
Fpy = 102.4 KSI

60

90 ]
“\‘_—__-___—_

————

(3s p.57)

SEE FIG. 2.038 FOR SPECIMEN AND
Kg CALCULATION

AR
#3.5 PERCENT NaCl
SOLUTION

@2, p. 28
SEE FIG. 2.037 FOR SPECIMEN

DAIR
B SYNTHETIC SEAWATER
 [ASTM SPEC, D-141-52) AND Ko CALCULATION

.1 1

10 100 1006 10000
TIME TO FAILURE - MINUTES

100000

FIG, 2,036 SUSTAINED LOAD SALT WATER STRESS-CORROSION BEHAVIOR OF AS ROLLED PLATE.

120

100

60

KQ - KSTVN

40

20

FIG. 2.037 SUSTAINED LOAD SEA WATER STRESS-CORROSION BEHAVIOR OF PLATE IN SEVERAL

Ti

Ti
6 Al

2 Cb
| Ta

0.8 Mo

Ti-6Al-2Cb
-1 Ta-08Mo

T

SYNTHETIC SEAWATER
{ASTM SPEC D-141-52)

Ti-6A1-2Cb-1Ta-0.8Mo
1 INCH ROLLED PLATE
TRANSVERSE TESTS

AS-ROLLED

1650F, 1 HR, AC

2000F, 1 HR, 70 SECONDS DELAY,
wQ

2000F, 1 HR, 70 SECONDS DELAY,
WQ + 1000F, 4 HRS, AC

2000F, 1 HR, 70 SECONDS DELAY,

WQ + 1100F, 8 HRS, AC

ATR

4 ¢ b OO0
4 & »r =me

™

——r—

Fry
KSI

102.4
96.9 ]

102.1
168.4

1110 |

A

ROLLING DIRECTION
L .

/< FATIGUE CRACKED CANTILEVER BEND
—a— STRESSCORROSION SPECIMEN

L[
Kg=4.12M\/ 57 ~o 8

BD 3/2

WHERE:
B = SPECIMEN WIDTH (= 0.875)
D = SPECIMEN DEFTH (= 1.0}
=1-a
hul
a= CRACK LENGTH

L 1 |

M= MOMENT AT CRACK TIP AT RUPTURE

0.2 1.0 10 100
TIME TO FAILURE - HOURS

HEAT TREATED CONDITIONS.

1000

@, pp. 23 and 25)

cobE 3720
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130 . . r r
Ti Ti-6Al~2Ch-1Ta~0.8Mo
1 INCH ROLLED PLATE
120 009v<¢ AR A
6 Al LONGI:UDD’AL DIRECTION e B ¥ ¢ 2.5 PERCENT NaC! SOLUTION
2 Ch 110 h
i Ta l\ \«'\ .
100 —
0.8 Mo . — ] i
% B 8~ BASE PLATE
Ti-6AlI-2Cb —_——— Tty T 4 (AS-ROLLED) -
WELD
I Ta-0.8Mo 80 (AS-WELDED) -
e ——— e ——— g, +1/8
Z +3/16
l? o | : g +¥ i
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NONFERROQOUS ALLOYS RELEASED: JUNE 1969
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