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PREFACE
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Mr. D. Gerdeman, Project Supervisor. The Principal Investigator

for this program was D. Robert Askins. Research Technicians who

"4 made major contributions to the program include: R. J. Kuhbander,

F. Tittl, D. Maxwell, R. Glett, J. Graham, J. Conner, T. Green,

D. Klosterman, and D. McCullum.

This report was submitted by the authors in September

1977. The contractor's report number is UDRI-TR-77-37.
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SECTION1
INTRODUCTION

Fiber reinforced composite materials have been used in Aero-

space structures for many years. The use of these materials is

continually growing, and as new fiber reinforcements and matrix

materials become available, the problem of selecting materials

becomes an ever-growing task for aircraft builders and designers.
In order to select material for a particular aircraft structure,

a certain minimal amount of engineering data must be available

to the aircraft designer. It was with this need in mind that a

program of this nature has been undertaken. The general objec-

tive of this program is to develop engineering data on advanced

composite materials. These materials are newly developed com-
posite materials systems which are commercially available, but

which at the same time are new enough that little data are avail-

able for the purpose of evaluating their potential. The purpose

was to generate physical, mechanical, and thermophysical property

data on a number of these advanced composite materials, which
would provide an aircraft designer or builder with sufficient

information to enable him to decide whether the material is a

feasible candidate for his particular application. The data
generated in this program are not sufficient to eliminate the
need for more detailed and more comprehensive design data pro-

grams. Rather, the program provides initial data to facilitate

the selection of candidate materials, and provides a basis for

developing subsequent design allowable efforts on selected

materials. It provides the information required to make pre-
liminary assessments of composite materials for potential aero-

space service.

" • - ... . .. . ... .• .. ...



SECTION~ 2

SELECTION OF MATERIALS

The initial portion of the program involved an identifi-

cation of available candidate composite materials. This identi-

fication process consisted of several phases. One phase involved

a review of the available literature on composite materials with

an emphasis on the more newly developed or advanced composite

materials. The second phase involved establishing both written

and verbal contact with a wide cross-section of industry and

government representatives who are active in the area of com-

posite materials research, development, and application. Letter

questionnaires were sent to individuals representing all the

services, all the major aircraft companies, and nearly all of

the major material suppliers. The questionnaire was directed

towards obtaining each individual's feelings as to what materials

should be considered for inclusion in this program, what their
assessment of the current data availability on the various mate-

rials was, and their feelings as to potential applications for

which the various advanced and newly available composite mate-

rial systems might be considered. In addition, these represen-

tatives were asked what they felt the most useful and most needed

type of engineering data were, as well as their feeling about the

effect of manufacturing processes required for a specific composite

material or its potential usage by the Aerospace community.

These letter-questionnaires were sent to a total of 85 indivi-
duals. A total of 23 written responses were received, represent-

ing 31% of the total mailing. In addition to the written inputs

numerous telephone contacts were made to contact individuals who

did not respond in writing to our questionnaires and to obtain

additional information to that requested in the letter. All the

verbal as well as written inputs to this phase of the program

were tabulated and discussed with AFML representatives prior to

the establishment of a list of tentative candidate materials for

possible inclusion in the program. The criteria employed to

2



determine and select these candidate materials included Ja) the

present or imminent commercial availability of the material,

(b) the degree of interest in the material expressed in the

written responses and telephone contacts, (c) the material's

potential to overcome specific problems of current concern to

USAF, and (d) the potential value to the USAF if the material

proves applicable to AF weapons systems. Table 1 lists the

4 candidate materials which were considered during the materials

selection portion of this program. The epoxy matrices are all

identified with a specific reinforcement since these were the

standard products of the various prepreg suppliers indicated in

parenthesis. All of the other materials listed in Table 1 are

matrix resins and are not associated with any specific fiber,

since this could vary according to the desire of the user. The

companies listed in parenthesis after these latter materials

produce the matrix resin and in some cases, but not all, the

prepreg. This list of candidate materials was subsequently

narrowed and reduced to the final five selections; SP313 (3M),

AS/HME (TRW), AS/3004 (Hercules), AS/4397 (Hercules), and T300/

F178 (Hexcel).

The SP313 system (T300 fiber and PR313 resin) was selected

because it represented an alternative to Narmco's 5208, a 350*F

epoxy system which has found extensive application in USA"

fighter aircraft structures. It was felt that two competitive

systems would result in lower materials costs to aircraft builders.

Other epoxy systems had been looked at previously and found

wanting in one way or another, such as elevated temperature

property retention after high humidity environmental aging.

The AS/HME system was developed under a previous AFML

contract and was designed as a low-flow 250OF epoxy system

with good resistance to property loss during high humidity en-

vironmental aging. A low-flow matrix offers considerable cost

saving features from a fabrication standpoint and was of con-

siderable interest to many aircraft builders. The enhanced

moisture resistance of this matrix material also was an attractive

feature of this system.

3
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- The AS/3004 material is a thermoplastic polysulfone matrix
i~i system which was of considerable interest to aircraft companies

• as a material with the potential for substantial cost savings

Sin fabrication due to its vrery low flow and potential for for-
• inability into complex contours.

i• The AS/4397 polyimide system was selected because it was

S~of interest as a potenti~al alternative to the 350°F epoxy systems,

" ~offering better dty and wet properties at comparable temperatures.
S~This system is considered a 450"F material and as such, offers,

! ' at equivalent cost, a larger margin of safety than the 3500 F

epoxies when used at comparable conditions.

•i The T300/Fl78 polyimnide system is also a 450°F material
i• which costs about the same as the 3500 F epoxies but offers im-

i proved wet and dry performance at comparable temperatures as

i well as an overall higher temperature capability.

&:
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SECTION 3
TEST PROGRAM AND PROCEDURES

The laboratory efforts required during this program con-

sisted of four generally• sequential steps for each of the five

materials characterized. These consisted of prepreg physical

property characterization' laminate fabrication and specimen

machining, laminate physical property characterization, and

laminate mechanical and thermophysical property measurements.

Each of the test methods and type of specimen used in the de-

termination of these various properties, as well as the panel

fabrication and specimen preparation procedures, are described

in this section.

S3.1 PREPREG PHYSICAL PROPERTY CHARACTERIZATION

The prepreg physical properties which were measured con-

Ssisted of volatile content, resin content, and flow. The test

methods used to determine these properties, for the most part,

were those recommended or used by the prepreg manufacturer.

Table 2 identifies the particular specification which was followed

in determining these properties for each resin system. In some

cases one or two of these tests were omitted for a particular

prepreg. These variations are identified and explained in Table 2

and its footnotes. In the case of the AS/HME prepreg, the pre-

preg supplier did not recommend particular tests for resin content

or flow, so the University adopted tests which it considered

appropriate for this purpose. The summarized prepreg properties

themselves are presented in Section 4 for each specific material.

These prepreg physical property characterizations were not in-

tended primarily as a means of accepting or rejecting a particular

1 atch of material if it deviated slightly from prespecified

tolerance limits. Rather, they were conducted to provide the

reaier with an estimate of the normal property levels and

variability encountered in purchased prepreg and also to pro-

vide a basis for the subsequent assessment of laminate pro-

Derties obtainable from such prepreg.

6
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TABLE~ 2
PRPREG PHYSICAL PROPERTY TEST SPECIFICATIONS

Prepreg Test Specification Identification
Material VQolatile Content Resin Content .... _Flow

SP313 3M method 3M method 3M method
(3M)

AS/3004 HD-SG-500/232 HD-SG-2-6006C N.A. 2

(Hercules) (5.2.6, F)

AS/4397 HD-SG-2-6006C HD-SG-2-6006C HD-SG-2-6006C
(Hercules) (5.1) (5.2.6,F) (5.3.1,A)

T300/F178 N.A..3  Hexcel method N.A.4
(Hexcel)

AS/HME 1.1.1 APML-TR-67-243 5  3M method 6

(TRW) (TRW method)

1All of the test methods specified in this table are reproduced

in their entirety in Appendix A.

S2No flow test was run on the AS/3004 prepreg because this thermo-

plastic material exhibits negligible flow during laminate con-
solidation.

3The F178 prepreg contains no volatiles.

4 1t was indicated by Hexcel that they did not run a flow test on
this prepreg since they had found that if used within the spe-
cified shelf life period, the prepreg produced consistently
good laminates if its resin content fell in the range of 42 + 3%.
It was obvious during laminate preparation, however, that thts
is a relatively high flow system.

5It was found that neither hot acetone (recommended by TRW) or
dimethylformamide (SP313, 3M procedure) extraction succeeded in
complete resin removal. The method referenced here utilizes a
hot nitric acid digestion of the resin.

6 No flow test procedure was recommended since this was a low-flow
system. As a consequence it was arbitraily decided to use the
same test as was used for the SP313 material. The comparative
results, presented in Section 4, illustrate the reduced flow
characteristics of the HME resin. One must keep in mind, however,
that this flow test imposed 90 psi upon the sample while the
actual cure schedule for the HME system goes only to 1-4 psi.

7



Samples for the prepreg physical property tests were ob-
rained from each roll of prepreg tape and three speeimens were
used for each test. The complete tabulation of these prepreg

.test results is presented in Appendix A. All of the prepreg
used in this program except for the AS/3004 and AS/HME was

stored at -300F when not in use and all of the laminates needed
for the program were prepared prior to the expiration of the
manufacturer's stated storage life for each specific material.

In addition, a written record was maintained for each roll of
prepreg which noted the cumulative total time the material was

• exposed to room temperature conditions during the period in

which laminates were being fabricated from the tape. The AS/3004
A- and AS/HME materials were stored at room temperature (-720 F)

since there were no storage life limitations with these two
materials.

3.2 LAMINATE PROCESSING AND SPECIMEN FABRICATION

When laminates were to be made, the roll of prepreg was
removed from the freezer and allowed to warm to room temperature
without opening the sealed bag in which the prepreg was con-
tained. This was done in order to eliminate the chance of
moisture condensation directly on the prepreg material. After
the prepreg had warmed thoroughly to room temperature, it was
removed from its package and unrolled on a clean countertop.

Pieces were cut from the tape in the required shape and size
with a razor and after removing the release paper, carefully
layed up in the desired stacking sequence for a particular lami-

nate panel. This stack was then carefully rebagged and returned
to the freezer for storage until lamination and curing. When a
laminate was to be cured, it was removed from the freezer and
warmed to ambient before reopening its storage bag. The prepreg
was then removed from the storage bag and placed in an autoclave
for curing. The detailed curing schedules for each specific
prepreg material are presented in Section 4. After lamination
and cure, machining diagrams were sketched onto the panel surfaces

[B
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and individual specimens were cut out oZ the panels with a
diamond cut-off wheel and finish machined to the required di-
mensions on a Tensile-Cut belt sander. Specimens from each

panel were set aside for measurement of panel physical charac-

teristics.

Some of the mechanical test speoimenr required doubling
tabs in the grip sections. A 1/16-inch thick glass fabric re-
inforced phenolic laminate material was used for this purpose.

Scotchply is specified it the Design Guide for tab material but

it proved unsatisfactory for the elevated temperatures. Loctite
306 adhesive was used to bond the tabs to the specimen and was

cured at 275*F for 15 minutes under spring clamp pressure.

3.3 LAMINATE PHYSICAL PROPERTY CHARACTERIZATION

Four different physical Droperties were measured on each
lLminate to insure acceptable laminate quality. These were
specific gravity, resin content, fiber content, and void content.

Each of the procedures used for these measurements is discussed

in detail in the following paragraphs and is summarized in Table
3. The summarized laminate physical properties obtained for
each of the materials investigated are summarized in the tables

in Section 4 and are presented in their entirety in Appendix B.

3.3.1 Specific Gravity

Three specimens from widely scattered locations
on each laminate were selected for specific gravity determina-
tions. Specimen size depended upon both panel size and the
number and size of mechanical test specimens required from the

panel, but in jeneral ranged from a minimum of 1/2" x 1/2" to a
maximum of 1" x 3/4". The method used was ASTM D792, a weigh'.t.-

in--air/weight-in-water technique.

3.3.2 Resin Content

The same specimens which were used for specific
gravity measurements wete • for resin content determinations.

9



TABLE 3

LAMINATE PHYSICAL PROPERTY TEST PROCEDURES

te Sp fi ProcedUre Identifcaion Vo

Lamina Specific Resin/nFiber
M r Gravity Content Content 1

SP313 ASTM D792-66 AFML-TR-67-243 Grid point count and
(3M) (Acid digestion) ASTM D2734-70(B)

AS/3004 ASTM D792-66 HD-SG-2-6006C Grid point count and
(Hercules) (5.2.6,F)(HerculeF ASTM D2734-70 (B)

Method)

AS/4397 ASTM D792-66 HD-SG-2-6006C Grid point count and
(Hercules) (5.2.l,A)(Herculet ASTM D2734-70 (B)

Method)

T300/F178 ASTM D792-66 Grid point count Grid point count
(Hexcel) on photomicro-

graphs 2

AS/lIME ASTM D792-66 ___3 _-_3
(TRW)

iVoid contents were computed as described in ASTM D2734-70(B)
and also determined by a point counting technique which
essentially integrates the areas on a cross sectional photo-
micrograph which represent resin, fiber, and voids.
2 It was found impossible to digest the cured FI,8 resin away

with several different acids and solvents.

3 Since evaluation of this material was terminated prematurely,
no panel resin, fiber, or void contents were determined.

10



-The methods listed ini Table 3 were followed in these determinations.

The grid point count method involves placing a transparent grid
over a specimen photomicrograph and counting the number of grid
intersections which fall on resin, fiber, or void areas. This
method produces statistically accurate values if a sufficiently

large sample is utilized. In this program, we have used a grid
containing 1530 intersections and have used three photomicrographs

S(300X) per laminate.

3.3.3 Fiber Content

The fiber contents of the SP313 laminates were
computed, as percent by volume, from the same data used for the
resin content determinations. The computational procedure is
illustrated in AFML-TR-67-243 and employed values for fiber and
resin specific gravity reported by the respective manufacturers.

3.3.4 Void Content

The void contents, just as the riber contents, of
the SP313 laminates were computed, as percent by volume, from
the same data obtained in the resin content determinations.
The computational procedure is described in ASTM D2734-70,

* method B. The result of this procedure frequently gives nega-
tive values for laminates having low void contents. This occurs
because minor errors or variations in the values for resin, fiber,

* ,and composite specific gravities become significant at low void
contents. This result was obtained for numerous laminates made

in this program, even though photomicrographs did sometimes re-
veal the pre'sence of porosity. A point counting technique using

a grid superimposed over photomicrographs of laminate cross sections

* was consequently used in conjunction with the computed values.
It is felt that the photographically obtained value is more
realistic than the computed values for low porosity laminates
and for this reason, these values are reported in place of the
computed negative values. Figure 1 illustrates typical laminate
cross sections for each of the composite materials characterized.

11



(a) SP313, 250X (b) AS/3004, 290x

(c)AS/4397, 300X (d) T300/F78, 150X

Figure 1. Typical Cross Sections of Fabricated Composites.
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3.4 SPECIMEN CONDITIONING

A Three different types of conditioning were involved in this
program. The first was simply a dry dessicated storage of

finished specimens at ambient temperature until they were to be
tested. This provides a data base for the dry material to which
both humidity aging data and data for other materials systems can

be compared.

The second type of conditioning was the elevated and re-

duced test temp-ratures. In all of the mechanical testing except

for specimens which were humidity aged, the specimens were soaked
for one-half hour at the test temperature prior to loading.
Thermal conductivity specimens were soaked at temperature for

periods of up to several hours in order to provide sufficient
time for the test stack to reach thermal equilibrium before
readings were taken. The thermal expansion specimens were not

soaked for extended periods at any one temperature. Rather,
they were heated from some starting temperature to the ending
temperature at a constant rate of about 20C/min.

The third type of conditioning was an elevated temperature,

high humidity exposure. The specimens involved in these tests
were exposed to conditions of 160 0 F and 1U0% R.H. until they
either reached saturation, as evidenced by constant weight, or
about 50% of their saturated weight gain. Specimens were removed

from the humidity cabinets for weighing periodically to determine
weight gain. The frequency of removal varied from material to
material depending upon whether the aging was being carried to
saturation or half-saturation and upon the rate and extent of
moisture absorption by the particular matrix system being aged.

The half-saturation agings, for example, typically required less

than one day, and normally two or three weighings were made
during this period at intervals of from 3 to 16 hours. The

fully saturated agings, on the other hand, typically required

from four to eight weeks to complete, during which time the
specimens were removed from the aging cabinet and weighed between

13



" four and ten times at intervals of three to seven days. After

final removal from the humidity aging, the specimens were tested
at both 720P and at one of the elevated temperatures for which
data on dry specimens were obtained. After removal from the
humidity aging cabinet, the specimens were kept in a 726F, 100%
R.H. environment until tested (less than one-half day). Durin3
this period the specimens were exposed to ambient conditions for
a maximum of about twenty minutes, during which time strain
gages and gripping tabs wore mounted on the specimens (inter-
laminar shear, short beam specimens of course, did not need this).

The specimens tested at room temperature were tested as soon as
they were ready. Those tested at elevated temperature were
placed in a preheated test oven and tested after the same

30-minute soak used for dry specimens. The insertion of the
h. specimens for elevated temperature testing into the grips in the

test oven required less than one minute, during vnich time, the
oven temperature fell about 50OF below its setpoint. The 30-
minute soak time was counted from the reclosing of the test
oven door after specimen insertion. Hence, the first several
minutes of this 30-minute period was required for the oven
temperature to recover to the setpoint while, simultaneously,
the test specimen required ten minutes or so of this 30--r..inute

£ soak to approach the test temperature. This length of soak was

initially used to insure complete cure of the tab adhesive prior
to loading since the tabs were applied with an elevated tempera-
ture cure adhesive to insure adequate tab performance during
loadup and the specimens were placed in the test oven immediately
after application of the tabs so that specimen heat-up and tab
adhesive cure occurred simultaneously. It is recognized that
a 30-minute soak of a "wet" composite can produce a drying effect
so that the test results are not actually representative of a
truly "saturated" material. A compromise must be made, however,

between the length of time required for a specimen to heat up
to the test temperature and the rate at which a specimen dries
out. Ideally, a steam test chamber would eliminate the requirement

14



to make such a compromise. Few organizations have such a test

chamber, however. The heat-up, dry-out compromise, in this

* case, however, was also influenced by the requirement to cure

the tab adhesive prior to load application. It was found that
the use of room temperature curing tab adhesives for elevated

temperature tests resulted in debonding of the tabs prior to
specimen failure. Consequently, elevated temperature curing

tab adhesives were used to overcome this problem and, hence,
* the need to simultaneously cure the tab adhesive while heating

the "wet" specimens up to the test temperature during the 30-

minute "soak".

One experiment was conducted to measure the magnitudes of

possible error introduced by the 30-minute soak before load
application by measuring both the heat-up and\ dry-out rate of an

AS/3004 polysulfone matrix specimen. This material absorbs only
•. about 1/4-1/3 as much moisture as the other materials charac-terized in this program when aged to saturation and the first 50-

60% of this gain occurs very rapidly (3-9 hours).. An untabbed

900 tensile specimen was used for this experiment. Figure 2
illustrates the results of this experiment. It can be seen that

even after 30 minutes, the specimen temperature (as indicated

by a small thermocouple embedded in the center of the specimen)
is not quite up to the nominal test temperature. The moisture

content, however, has fallen to less than 50% of the saturated

value in this period. Some investigators recommend only a three-
minute soak to minimize drying.. For the AS/3004 material, it

can be seen that one would be testing a material with a moisture

content of about 85% of the saturated value at a temperature 40OF

below the nominal test temperature for this test criteria.

What it boils down to is that each investigator must decide

* upon his own compromise.

Another experiment which was conducted, involved testing

some saturated T300/FI78 short beam shear specimens after a

30-minute soak and after a five-minute soak. Table 4 presents

15
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7 TABLE 4C OM A R S O co i O, F THE E FF EC S O F T EST O VE SO A K T I M E UPO N
RETAINED INTERLAMINAR SHEAR STRENGTH OF SATURATED

T300/P178 COMPOSITE LAMINATES

Test Test Temp. Strength Std. Dev. NO.

Condition (OF) (ksi) Mi(k) Specimens

dry 72 14.82 0.89 5

dry 350 10.17 0.29 5

saturated 72 11.33 0.29 3

saturated 350, 30-min. 7.38 0.41 3
soak

saturated 350, 5-mrin. 6.69 0.09 2
soak

E.

7:I:
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the results of this experiment. It can be seen that the five-

minute soak produced a lower strength, indicating perhaps that

the higher moisture content present after only five minutes
was more detrimental to the shear strength than the lower

specimen temperature. The difference, however, is only marginal

so it seems that the 30-minute soak data are still quite useful.
In fact, inspection of all the humidity aging data appearing in

Section 4 indicates that considerable and consistent strength

drop-offs occur for all of the materials evaluated in this

fashion.

3.5 LAMINATE MECHANICAL AND THERMOPHYSICAL PROPERTY

CHARACTERIZATION

A total of eight types of mechanical property tests were

performed on the composite materials evaluated during this pro-
gram; tension, compression, flexure, inplane shear, interlaminar

shear, tensile creep, tensile stress-rupture, and tensile-
tensile fatigue. In addition, four thermophysical properties

were measured; specific heat, thermal conductivity, coefficient

of thermal expansion, and glass transition temperature. Tables
5-8 summarize the test matrices for the static, dynamic/time

dependent, thermophysical, and humidity aged static tests. It

can be seen that the original test plan called .or a total of

612 specimens to be tested for some sort of mechanical or thermo-

physical property for each material system. In addition to these

specimens, however, numerous instances were encountered where

extra or replacement specimens had to be tested. These situa-

tions included instances where failures occurred in the tabbed
grip areas rather than in the gage section, where instrumentation

failures prevented full data acquisition or aborted a test, or

simply occasions when anomalous results were obtained which dic-

tated rechecking. Another source of extra specimen testing in-
volved the creep and fatigue tests. In these tests it was found

on several occasions that the stress levels initially selected

produced premature failures. Consequently, the stress levels
at which these tests were conducted were lowered and extra

18



TABLJE 5
STATIC MECUANICAL PROPERTY TEST MATRIX

Test /.- •,- Tes - Tempera-turel• ..

-72
0F T3

oTension 5 5 5 5

900 Tension 5 5 5 5.

+450 Tension 5 5 5 5

00 Compression 5 5 5 5

900 Compression 5 5 5 5

00 Flexure 5 5 5 5

900 Flexure 5 5 5 5

Inplane Shear 2  5 5 5 5

Interlaminar Shear 5 5 5 5

The two elevated temperatures varied, depending upon the
matrix resin.

2 Except for some rail shear tests run with the SP313 system,
j all of the inplane shear data were obtained from the +45o

tension data.

19



TABLE 6
DYNAMIC AND TIME DEPENDENT MECHANICAL PROPERTY

TEST MATRIX

Test Temperature1  _____

Test Type 2F

0* Tensile Creep 0 9 9 9

900 Tensile Creep 0 9 9 9

+45* Tensile Creep 0 9 9 9

00 Tensile Stress 0 9 9 9
Rupture 2

901 Tensile Stress 0 9 9 9
Rupture 2

+45* Tensile Stress 0 9 9 9
Rupture 2

k 00 Tensile-Tensile 12 12 12 12
Fatigue

90* Tensile-Tensile 12 12 12 12
Fatigue

+450 Tensile-Tensile 12 12 12 12
Fatigue

-The two elevated temperatures varied, depending upon the matrix
resin.

2 The stress rupture lifetimes were obtained from the same
specimens used for creep tests.

Extra Note: The 9 specimens tested in tensile-creep at each
condition were subdivided into 3 groups of 3
specimens each and these groups of three were
then loaded at different stress levels. The 12
specimens tested in fatigue at each condition
were subdivided into 3 groups of 4 specimens
each and these groups of four were then tested
at different maximum cyclic stress levels.

20
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TABLE 7

THERHOPHYSICAL PROPERTY TEST MATRIX

________________To___ T OM ratuzre1

Test -97pe 72

Specific Heat 32 3 3 3

Termal Conductivity 3 3 3 3

* 0* Thermal Expansion 3 3 3 3

90" Thermal Expansion 3 - 3 3 3

+45o Thermal Expansion 3 3 3 3

Glass Transition Temp. (dry)3 14

(wet) 3  I

1 The two elevated temperatures varied, depending upon the
matrix resin.

I2 n most cases a value at each test temperature was obtained
from each specime&, so that, usually, three specimens provided
all twelve data points.

3 Dry refers to the as-fabricated composite condition, while wet
refers to the condition of the specimen after it has reached
an equilibrium weight gain during humidity aging at 160OF and
100% R.H.

4 Since these tests required access to instrumentation not under
UDRI's control, only one determination could be made for each
material at each condition.
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TABLE S

TEST MATRIX FOR STATIC NECHANICAL PROPERTY TESTS AFTER
ELEVATED TEMPERATURE, HIGH HUMIDITY AGINGS

Saturation Level
Test Type 50%0%

Test ue.s Tea

727F T 3  720FT

900 Tension 5 5 5 5

450 Ten'ion/Inplane Sheaz3  5 5 5 5

Interlaminar Shear 5 5 5 5

t This temperature varied depending upon the specific material.

2 mThese tests were not performed on the latter materials tested
in this program (AS/4397 and T300/F178) because of the relatively
small effect which humidity aging has upon these properties.

2
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specimens teated so as to provide the full Oomplementtof results

required for the test plan outlined in Tables 5-8. It will be

noted in the summarized results in Section 4 that the number of
specimens for which the average property values are reported
varies from property to property. As discussed above, however,

in some cases extra tests were conducted which raised the number
of specimens above the original plan. In other cases, the be-

havior of the test specimen during test prevented the acquisition

of one or more properties from that particular specimen. If,
for example, the specimens underwent excessive elongation before
failure, the strain gages were lost and ultimate elongation data

were not obtained, even though strength, modulus, proportional
limit, and Poisson ratio values were. In some cases, strain

gage data were lost due to breaks in the lead wire-gage terminal

connection.

In the succeeding sections, descriptions of the test
methods used to obtain the mechanical and thermophysical prop-

erties are presented. The summarized test results for each

specific material system are presented in Section 4 and a com-
plete tabulation of all of these test results is presented in
Appendices C thru M.

3.5.1 Tension

Tensile tests were conducted in accordance with

the recommendations of the Advanced Composites Design Guide[2]

using the straight-sided IITRI specimen illustrated in Figure 3.

The doubling tabs were a glass fabric/phenolic laminate material

as discussed previously (Section 3.2). The tensile tests were

conducted at an extension rate of 0.05 inch/minute on an Instron
¶ Universal Testing Machine. All of the tensile strains were

nmonitored with strain gages. This test procedure also corresponds

to ASTM rnetho4 D3039-74 except for the tab materials. in the
ASTM spe-cification, the tab material called for is a non-woven

01/19011 Scotchply material 1/8 inch thick, while in this program

a woven glass/pherolic material 1/16 inch thick was used

satisfactorily.

23
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TENSILE TEST SPECIMEN - -

,4 i-
Bonded Scotchply
So/9oNsd Glass Tabs•..,, 

, Both Ends

*6-15 Degrees Prefeered
V • 20-30 Degrees Acceptable

Sb

SPECIAL REMARKS

LAMINATE NO. OF PLIES(n) SPECIMEN WIDTH b

104C n-6 112-1 901C n =15 1

101901C n _ 3 1

[01+45/90]C n a 6 1

(1) Specimens may be individually molded or cut (diamond tool
recommended) to width required.

(2) Inner ply of tab material should have fibers in the longitudinal
direction.

(3) Self-aligning grips should be used, completely enclosing the tab
area.

(4) The aspect ratio of the test area must be noted when testing off-
axis orientations. The aspect ratio may be varied to represent
a specific application.

Figure 3. IITRI Straight-Sided Tensile Specimen.

24



The tensile proportional limits were determined
with the understanding that the proportional limit should rep-
resent the point at which a significant departure from linearity
in the slope of the stress-strain curve, presumably indicative

i- of damage to the specimen, occurs. This can produce a sub-
•- stantially different value than if one were to simply take the

point of first deviation from linearity. The first deviation
of the stress-strain curve from linearity on the 00 fiber
orientations actually occurred at roughly one-third of the ulti-
mate stress but at this point the slope of the curve increased
rather than decreased. It is generally conceded that this
phenomena is due to the behavior of the reinforcing graphite
fiber since the same behavior is noted when testing bare graphite
fibers. Consequently, this is not felt to indicate damage to
the specimen. No decrease in the slope of the stress-strain

- curve was in fact noted for most of the 00 or 90* fiber orien-
tations prior to failure except for the high temperature tests
on the 900 fiber orientations, and for this reason the propor-
tional limit is reported as equivalent to the ultimate strengths.

* On the high temperature tests with the 900 fiber orientation
and on all of the +451 fiber orientations, a significant decrease
in the slope of the stress-strain curves was observed below the
ultimate strength. Whether this indicates the onset of real
and significant damage, at least at the point of first departure,
is a moot point. Perhaps the determination of the elastic limit
would be of more value than the proportional limit.

The Poisson's ratio values were experimentally
measured on the 00 and +45* fiber orientations and computed for
the 900 fiber orientation from the relationship:

__ /v21 =ý v12 E112

3.5.2 CoMprission

Compression tests were conducted using ASTM method
D3410-75. Figures 4 and 5 illustrate the specimen and fixture
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details. Prior to the adoption by ASTM, this test method was
widely referred to as the Celanese compression coupon test
method.

Compression testing has traditionally been the
subject of considerable controversy because of the various
types of failure modes one can encounter. Not only can one
obtain different failure modes with different types of test

specimens and fixtures, but one can also experience different
types of failure modes from the same type of test specimen and
fixture. Inherent in the question of what is or is not a de-
sirable failure mode is the requirement to avoid a gross spe-
cimen buckling-type of failure. This is different from wh~t
is called micro-buckling, which consists of longitudinally
oriented reinforcing fibers undergoing individual, localized
buckling due to compressive stresses within the composite ex-
ceeding the capability of the resin matrix to support the fiber
and maintain its axial alignment. Micro-buckling is generally
considered a legitimate compressive failure mode, while gross
specimen buckling resulting from column instability is not.

In order to eliminate the occurrence of column instability
failures, specimens are designed with a slenderness ratio suffi-
cient to insure compressive failure before the load necessary
to initiate column buckling is reached.

The compression test described in D3410-75 is con-
sidered to be a very promising compressive test method which,
with proper specimen design, produces acceptable failure modes
without the need of lateral specimen supports during the test.
One objection to this test method which has been raised is that
the mated conical surfaces make line rather than surface contact
during testing and that this produces frictional and alignment
problems which affect the recorded results.[31 Our experience

has been that the frictional problems are minimal except when
testing at reduced temperatures. In this case, frost accumulates
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on the fixture and the sliding surfaces do not slide freely, pre-
ducing some spurious load recordings. Misalignment has proven

to be a problem, however. Although the specimens were designed
to eliminate buckling instability, it has been found that buck-

ling frequently occurred anyway at stresses between 75% and 100%

of ultimate. This behavior is evident in the load-strain curve

illustrated in Figure 6 and by the failed specimen in Figure 7.

The misalignment apparently is induced by the nonuniform seating

of the fixture cone in the conical socket. This nonuniform

seating, in turn, results from the distortion imposed upon the

split cone by the thickness of the specimen.

3.5.3 Flexure

All flexural testing, with the exception of the
00 AS/4397 specimens, was conducted using the four-point loading

method described in the January, 1971, issue of the Advanced
Composite Design Guide.[ 4 ] In this volume a three-point tech-

nique is recommended for 00 fiber orientations and a four-point

technique for 900 fiber orientations. It has been observed,

however, that one not infrequently encounters undesirable failure

modes under the loading nose and subsequent anomalous strength
values when using three-point loading on high modulus composite

materials with a 00 fiber orientation. For this reason, the

four-point method was used, with the one exception, for both

fiber orientations in this program. The reason for this one

exception is discussed in further detail in Section 4.3. All

flexure tests were conducted at a testing speed of 0.05 in/min.

3.5.4 Inplane Shear

Two types of inplane shear tests were conducted.

The principle technique, used for all of the different systems,

utilized data obtained from a uniaxial tensile test on a +451

crossplied laminate. This method is quite simple and is described

in two articles in the Journal of Composite Materials.[5, 6 ] The

second type of inplane shear test was a double rail shear tech-

nique described as Method B in a proposed ASTM standard titled
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"Propoed Method of TeIst fO XTplane Shear Properties of Composite

Laminates." Figures 8 and 9 illustrate the specimen and fixture
used in this technique. This latter method was used only with

the SP313 system. The testing speed in the double rail shear
test was 0.05 in/min.

A A1 of the tabular data for inplane shear in Sec-
tion 4 was obtained with the +45* tensile test specimen. For
comparative purposes, however, the data obtained with the rail

shear method is also presented in Section 4 for the SP313 mate-
ria!, along with pertinent commentary.

3.5.5 Interlaminar Shear

Interlaminar shear is another property for which
no simple or problem-tree test exists. The two most widely used
tests are the opposed double notch specimen with side supports
and the short beam. A third test utilizes torsional loading of
a rod but requires special. fixturing. Each of these tests is
subject to certain objections. The notched specimen is known to
have high stress concentrations at the notch edges, the short
beam specimen produces high strength values because of its short
span and the compressive'stresses introduced by the loading nose
and supporting points, and the torsional specimen is not felt to

have a straight line stress distribution at the higher stresses

even though this assumption is made in computing the failure
strength.

Because of the simplicity of the specimen and the
test and because of the widespread use of the specimen for quality

control, the short beam specimen was selected for generation of

interlaminar shear properties in this evaluation. This method
is described in the January 1971 issue of the Advanced Composite
Design Guide and is also described by ASTM method D2344-76. The
only differences between the two is that the ASTM method calls
for ten replications, while only five were conducted in this
program.
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Figure 8. Double Rail Shear Specimen and Fully Assembled
Test Fixture.
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3.5.6 Tensile Fatig'e

Fatigue tests were conducted on all three fiber

* orientations at all four test temperatures and at three different

levels of maximum stress. At least four replications were run
* for each condition. The same type of specimen was used for

fatigue as was used for tensile tests. All of the tests were

constant load amplitude at a frequency of 30 Hz with the minimum

stress equal to one-tenth the maximum stress. The specimens

were cycled to a maximum of 107 cycles, at which time, if no
failure had occurred, they were removed and tested for residual

tensile properties. All residual property tests were conducted

at 726F, regardless of the temperature at which the specimens were

fatigue loaded.

The fatigue tests were carried out on MTS, closed-

loop, electrohydraulic, servo-actuated testing machines. Speci-

men gripping was by means of wedge-type Instron and Templin grips.

The grips are locked into place on the loading ram and load cell
to insure constant alignment. Axial and concentric alignment of

the ram and load cell was verified with a dial gage to within

0.001 inch and grip alignment was insured by the use of a specially
machined straight aluminum bar in place of a specimen. Spacers

were utilized to center the one-half-inch wide specimens in the

one-inch wide jaws and periodically, a specially strained gaged

specimen was placed in the grips and the strains on opposite

sid-s and edges monitored during loading to insure that eccentric

loading was held below 1%.

Both reduced and elevated temperature tests (except

for the 00 orientations at 450°F) were conducted in Instron cir-

culating air environmental test cabinets (Figure 10). Extra

styrofoam insulation was placed along the interior walls of the

Instron chambers during reduced temperature tests (-67*F) in

order to reduce coolant (liquid nitrogen) consumption. Temperature

control in both elevated and reduced temperature tests was main-

tained with Instron oven proportional temperature controllers
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with the chromel/alumel control thermocouples positioned directly

adjacent to the specirwn. gage section. Two additional thermo-
Scouples were mounted one inch above and one inch below the control

"thermocouple and monitored separately to verify that the tem-

perature of the entire gage section was constant and that transient

temperature fluctuations were less than +20F around the setpoint

during elevated temperature tests and +51F during reduced tem-
perature tests. Figure 11 illustrates the position of the control

and two extra monitoring thermocouples along the gage section of

a fatigue specimen.

The 4500F tests on the 00 specimens of the two

polyimide systems utilized a short tube furnace (Figure 12) in

place of the Instron environmental cabinets. This' arrangement
was necessitated by the inability of the tab adhesive to with-

stand the 4500 temperature for an extended time period (up to

93 hours) at the high stress levels required for the 0* speci-
mens. With these short furnaces (four inches long and one and

one-half inches diameter tube), only the gage section of the

specimen was in the heated zone. Temperature control on these

tube furnaces was maintained with a thermistor actuated, time-

proportioning controller employing a zero crossover switching

triac and transient fluctuations were less than +3*P around the

setpoint. The temperature controlling thermistor was mounted
on the side of the one-half-inch wide test specimens and the

specimen centered in the uniform temperature region of the

furnaces. Additionally, two thermocouples were attached to the

specimen at a distance of one-half inch on either side of the

thermistor to insure that the thermistor was at the optimum

location. Figure 13 presents a typical temperature profile

of the tube furnaces used for these 4500 F tests. It can be

seen that the central two-inch portion of this type tube furnace

maintains a relatively "flat" temperature profile which is within
+50? of the setpoint.
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Figure 10. Fatigue Specimen Mounted in Instron Grips and
Environmental Cabinet.

Figure 11. Location of Temperature Controlling and Monitoring
Thermocouples on Fatigue Specimen.

Figure 12. Short Tube-Furnace Used in 450'F Fatigue Tests on

-0 Fiber Orientation and in Elevated Temperature
Creep Tests.
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35•.7 Tensile.. -

Creep teats were conducted on all three fiber
orientations at three temperatures and at least three stress

levels. No creep test* were conducted at -67*F because of

the low levels of creep exhibited at 72 0 F and because of the

large refrigerant expense for long term tests. The same speci-

men design used in tensile testing w~s used for the creep tests.

Creep strain measurements were recorded using one-inch long

strain gages and were carried out to a maximum of 500 hours,

at which time, if a specimen had not fractured, it was unloaded
and creep recovery measurevents recorded for a period of three

hours. Each of these surviving specimens was then tested for

residual tensile properties at 72 0 F. It will be noted that the
creep recovery data are not included in the tabulated summaries

of Section 4 . The recovery data are presented, however, in

Appendix I.

The creep tests were carried out on Arcweld creep
frames. Each frame has the capacity, through a 20:1 counter-

balanced lever arm, of putting loads of up to 12,000 lbs. on

the test specimen. Each frame is also equipped with an electric

timer and automatic shutoff switch, which monitors the total

creep time as well as time to failure. Each frame also has art

electrically driven load weight elevator and self-aligning

couplings.

Two types of specimen gripping were employed. All

of the 00 fiber orientations were gripped with wedge-type jaw
grips as illustrated in Figure 14. The 900 and +45* fiber orien-

tations were drilled in their doubling tab areas to accept three

3/16-inch loading pins, as illustrated in Figure 15. These

holes were carefully aligned axially to insure that no eccentric

loading was irtroduced.

Elevated temperature tests were conducted in the
short tube-furnaces described in the preceding section. The

furnaces were controlled with a thermistor, as previously

39



Figure 14. Wedge-Type Jaw Grips Used in Creep Tests.

Figure 15. Pin-Type Grips Used in Creep Tests.
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described, -1d temparature- uniformity along the-gavge section was
monitored with two thermocouples mounted one-half inch above and
below the tharmistor bead (Figure 15) to insure a "flat" tem-
perature distribution across this section. As in the fatigue

tests, transient fluctuations were ±30F around the setpoint.
Specimens were stabilized at the test temperature for at least
two hours before the load was applied.

Strain measurements were obtained from one-inch

long strain gages mounted on the specimen surfaces and feeding
into a Vishay model P-350A digital strairi indicator through a
Vishay model SB-I ten-channel switch and balance unit. Figure
16 illustrates the strain indicator and switch and balance
located on a table in front of the creep frames. Also illustrated
here is a portable temperature monitoring instrument and a 24-
channel switching unit for thermocouple input. Compensation
for thermal expansion during elevated temperature tests was
achieved by utilizing a compensating gage on a short (about three-
inch) section of unstressed specimen material taped to the gage
section of the actual test specimen (Figure 17). The output
from this compensating gage was fed into an adjacent, leg of a
half-bridge circuit.

Many of the creep specimens were stacked in a

series loading arrangement of up to three specimens in order to
increase the rate of data acquisition. Figure 18 illustrates
such an arrangement, with one oven moved aside for greater
clarity. In cases where one of the specimens in a series broke
prior to the 500-hour termination point, the remaining specimens
were replaced and new tests conducted.

It will be noted in the tables in the text, as
well as in Appendix I, that many creep specimens failed on
loading even though the applied stress was less than the strength
obtained in the static test at the same temperature. The only
factor to which this can be attributed is that the creep load
was applied at a considerably more rapid (though not instanta-
neous) rate than the load applied during the static test. The
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Figure 16ý Strain Indicator and Switch-and-Balance Unit
Used for Strain Measurements During Creep Tests.

ia

Figure 17. Compensating Gage for Thermal Expansion Compensation
During Creep Tests.
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Figure 18. Stacking Arrangement for Testing Three Creep
Specimens Simultaneously.
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reason for this is that the load pans on the creep frames are
raised and lowered by a motor driven elevator, which operates

much more rapidly than the 0.05 inch/minute rate utilized
during static testing.

3.5.8 Tensile Stress Rupture

Stress rupture data were obtained from the same

specimens used for the creep tests, the only difference being
that time-to-failure rather than strain as a function of time
was the measured variable of interest.

3.5.9 Specific Heat

Two techniques were used to determine specific

heat of the laminated composite materials. On the SP313 mate-

rial, a drop calorimetry technique was employed. This is a

relatively simple procedure in which a sample is brought to
thermal equilibrium at a desired temperature and then trans-

ferred adiabatically to a receiver at room temperature. A
measure of the heat content of the sample is then obtained as

a function of the corresponding temperature change of the re-

ceiver as it comes to thermal equilibrium with the sample. The

receiver consists of a circular copper plate housed in a quartz

cylinder and has three thermocouples, connected in series, em-
bedded in it. These thermocouples are connected in series to

magnify the change in temperature of the receiver after the drop,

as well as to insure a good average temperature indication over

the entire area of the receiver plate. The sample is also a
disc shape, only slightly smaller in diameter than the receiver

plate, so that upon dropping, a large contacting surface area
exists to promote rapid heat transfer and thermal equilibrium.
The receiver cup has been calibrated with standards of known

specific heat to obtain a relationship between the receiver cup

temperature and its heat content. The tests with the SP313 con-
sisted of heating the samples to the desired temperatures and

dropping them onto the receiver plate. The values so obtained

actually represent specific heat values at the average temperature
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bastwtený the__iznitial_ and- final. zample. temperatures. These -data
were all obtained from. unidirectionally reinforced samples and
represent averages of three tests each.

Cn all of the other materials, specific heat was
determined with a differential scanning calorimeter (DSC) tech- 4

nique. This technique compares the rate of heat input required
to maintain a constant rate of temperature rise in an unknown
sample to that required to maintain the same rate of temperature
rise in a known reference material and is considerably simpler
and less time-consuming to run than the drop calorimetry tests.
A Perkin-Elmer, model DSCl-B, instrument was used for these
determinations.

3.5.10 Coefficient of Thermal Expansion

Thermal expansion was measured using a quartz tube
dilatometer. Both the apparatus and the experimental procedure
are described in ASTM D696-70. Low temperature measurements
were performed by cooling the specimen to -67 0 F in an insulated
chamber and then allowing the system to warm to room temperature
at a rate controlled by an electric resistance heater. Elevated
temperature measurements are achieved by slowly heating the spe-
cimen with a wire wound resistance furnace. In each case, ex-
pansion is measured continuously throughout the temperature range.
Measurement of the thermal expansion of unidirectionally rein-
forced specimens in the direction of the fiber axis (00) proved

most tedious because the expansions were so minute. For this
reason, the values obtained for this orientation are reported

as approximately zero. An optical interferometric technique
would probably prove more useful for measurements with this

orientation.

3.5.11 Thermal Conductivity

Thermal conductivity was measured in the direct-on
normal to the laminate surface for both unidirectional and 4450

fiber orientations. A comparative technique was employed in

a 45
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apio-otan -iehed~-betwee-a two- identical -.referec
materials of known conductivity. These, in turn, are held

firmly between " heater and a heat sink. The heat flux through

this stack establishes a temperature gradient which is measured

with thermocouples placed on the upper and lower surfaces of both

reference plates and the specimen plate in small precisely

machined grooves Radial heat flow to and from the test stack

is minimized with a cylindrical guard heater in which a linear
temperature gradient, closely matching that of the test stack,
is maintained. A Dynatech model TCFCM-N20 thermal conductivity

instrument was used for these measurements. Data points were

taken at approximately equal temperature intervals over the

A range of interest and a "best-fit" curve (or straight-line)

' plotted through these data points. The reported values in

Section 4 were taken from these plotted curves at the specific

temperatures. The maximum scatter of the individual data points

on either side of the plotted curves was about +15% of the

reported values.

3.5.12 Glass Transition Temperature

Glass transition temperatures were determined with

a Perkin-Elmer Thermomechanical Analyzer, model TMS-I. This

measurement simply consists of noting the temperature at which

a relatively abrupt change in the thermal expansion characteris-

tics of the sample occurs. Specimens were run both "dry" and
"wet", the "wet" condition implying that the sample was humidity

aged at 160OF and 100% R.H. to an equilibrium weight gain prior

to the determination. Unfortunately, there was no way to prevent

*. the "wet" specimen from drying somewhat during the test. Hence,

the specimen was no doubt at some moisture content less than

saturation when the indicated Tg was observed. Nonetheless,

the "wet" values were lower than the "dry" values in every case,

indicating a definite softening due to whatever moisture level

still remained in the samples.
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SECTION 4

SUMMARIZED COMPOSITE DATA

This section presents tabulated summaries of all the data
generated for each composite system evaluated during the pro-

gram. Also presented are the averaged stress-strain, creep,

and fatigue S-N curves for each of the systems.

In addition to the summarized data and averaged mechanical
property curves, pertinent observations made during the charac-

terization of each material are discussed.

Of the five materials systems specified in Section 2 as

having been selected for characterization in this program, only

four were finally characterized. Testing of the fifth, the

AS/HME (low flow) graphite/epoxy, was terminated early because

of difficulty in fabricating high quality laminates with the
prepreg supplied. The principle problem was a large variability

in resin content from point to point in the prepreg, due to
nonuniform resin distribution when the prepreg was fabricated.

A comprehensive study of this resin content variability showed
that prepreg resin contents varied from as low as 22% in visibly

resin-starved areas to as high as 46% in visibly resin-rich

areas. The resin-starved areas of prepreg contributed to the

development of large unbonded areas in the laminate interiors

since the low flow characteristic prevented the resin from the

resin-rich areas from flowing into the resin-starved areas.

Four panels were prepared and it was found that one-half of the

specimens were unusable because of grossly visible interior

defects. Test results from the remainder of the specimens pro-
duced low strength values for properties sensitive to porosity,

such as 900 tension. Since replacement of the prepreg proved

impossible, and also since further development work with this

resin was anticipated (which might even alter slightly the

basic chemistry of the resin), it was decided to terminate work

on this matrix system. No data are consequently presented in

this Section for the AS/HME graphite/epoxy material.
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4.1 SP313

Tables 9 -22 present the data generated for this graphite/
epoxy composite system. Figures 19-40 illustrate the stress-
strain, fatigue, and creep behavior of this material, as well

as the effects of humidity aging upon the composite material.

As indicated in Section 3.5.4,'a comparison of the in-
plane shear data obtained from both the +450 tensile coupon

and the double rail shear technique is presented here. Table

16 presents the double rail shear data and Figure 25 illustrates
the stress-strain data obtained from the two different test

procedures.

It is readily apparent that good agreement exists between
the two different test methods except for the case in which a
+450 fiber orientation was used in the rail shear fixture. In

this case, however, considerable tensile stresses are developed
in the fibers of the rail shear specimens and the loads necessary
to deform and fracture the specimen are considerably higher

than in the other three orientations.

It is interesting to note that the strength obtained for
the 00/900 orientation with the rail shear test is almost
exactly equal to the sum of strengths obtained with the 0* and

the 900 orientations. The large differences encountered with
these different fiber orientations is traceable to the different
failure modes and stresses developed in the specimens. The 00
specimens, with the fibers running parallel to the load direc-
tion, experienced splitting in the fiber direction at locations

very near the edge of the gripping rails. For the type of
failure, only resin and/or resin-fiber interfacial bonds had to
be fractured. Since the panel is clamped in a relatively rigid
fixture, no lateral contraction is permitted during the test.
This constraint serves to develop internal tensile stresses
acting perpendicular to the load direction. In a 00 orientation
this is easily the weakest direction and failure probably is
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caused by these internally developed tensile stresses rather

than the shear stresses. The 900 specimens, with fibers running

perpendicular to the load direction and across the width of the

loaded section, sustained considerably higher loads. When they

did fail, they experienced numerous splits again the fiber direc-

tion, but now at 900 to the direction of splitting in the 0*

specimens. The tensile stresses which develop because of the

rigid fixture constraints are more readily bourne by the 900

.orientation because the fibers can carry the load and conse-

quently, a substantially higher strength is obtained. The be-

havior of the 00/900 specimen is essentially a composite of the

separate 00 and 900 behaviors with the 0* plies splitting longi-

4 tudinally to cause failure but the 900 plies carrying sufficient

load to reduce the internally developed tensile strain and post-

pone failure to a markedly higher stress than is obtained with

30 orientations alone. No damage was visible on the +450 rail

shear specimen. The higher apparent shear modulus values ob-

tained with the 00 or 900 orientations can probably be attributed

to the mixed mode stresses induced in this specimen.
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* TABLE 9

PROCESSING DATA FOR SP3l3 SYSTEM

Comnposite Processing Informatioa

Material System - SP313 Graphite/Epoxy
Fiber - T300 Matrix - PR313 SP313
Maxzimumi Rated Temperature - 350 0 F PRepreg Ivy- 3M

Lamtnate Processing Schedule

Layup Procedure: Prepreg warmed to R.T. in closed wrapper. Prepreg re-
moved from package and plies cut to desired pize using razor
blade. Plies stacked in desired sequence (release paper remnoved
from each ply). Stack placed in )ini-Clave on sheet of non-
pqrous Teflon and surrounded with cork dam to restrict fiber
flow. Sheet of porous Teflon placed on top of stack and one ply
of bleeder paper placed on too of this. One ply of style 112 glass
fabric is layed over the bleeder paper and this is capped with
another sheet of non-porous Teflon and a pressure plate. Three
plies of bleeder paper large enough to extend over the cork dam
are then placed over the pressure Dlate and a silicone rubber
bladder then placed over the Mini-Clave. The Mini-Clave was

4 placed in an unheated press and a nominal I psi platen pressure
applied to keep the MWn-Glave closed during cure.

Cure Schedule: Temperature was increased from R.T. at a rate of 3 to S5F
per minute under 28-Z9 in. Hg vacuum. When the temperature
reached 250 0F, 80 psi air pressure was applied above the
bladder. At 260 0 F. the vacuum under the bladder was vented
to the atmosphere. At 3500F. the temperature was held for
four hours. The panel was then cooled under pressure to below
150OF at a rate of 3-5°F per minute.

Postcure Schedule: None
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TABLE 10

"PREPREG AND COMPOSITE PHYSICAL PROPERTIES: SP313

M. CComposite Physical Property Information

Material System - SP313 Graphite/Epoxy

Fiber - T300 Matrix - PR313
Maximurn Rated Temperature - 350°F Prepreg by 3M

Prepreg Physical Properties

(Property) (Stnd. Dev.) (Range) (Test Method) (Ref.)

Volatile Content-0. 23%bywt. 0. 05 0. 14-0. 27 3M methods as described

Resin Content- 39.° l"bywt. 0.4 38.4-39..4 in spec. sheets provided

Resin Flow- 15. 9% by wt. 0.5 15.1-16.3 by3M

No. of Rolls Involved- 5

No. of Batches Involved - 2

S~Laminate Physical PropertieLI

i• •(Stnd. Dev. ) (Range) (Test Method) (R ef.)

No. of Panels- 62
* Fiber Content- 61.2%by vol. 3. Z 57.4-65.9 cid AFML-TR-

Resin Content- 31. 4%by wt. 2.6 27.z-33. Digestion 67-243
Void Content- =21% byvol. Point count

Laminate Sp. Gr.- 1.55 0.03 1.46-1.62

Fiber Sp. Gr. - 1. 70 As reported by manufacturer.
Matrix Sp. Gr. - I. Z7 As reported by manufacturer.

Thickness per ply- 0. 0054. inch

1The properties reported here represent averages for all panels of this
material used throughout the program.
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i-TABLi IL

TENSILE PROPERTIES OF SP313 COMPOSITE LAMINATES

COMPOSITE MATERIAL PKOPICRTIEZ5

Material System - SP313 Prepreg by.- L Graphitc/Epxy
Fiber - TL00 Matrix - P313 Laminate Sp. Gr. - 1.47 4M x m mRatedax m z Tcn a a •r 50°F Av rg MyT i nu -0 05 i .
l. R e i i i C o i it o at - 29 . 1 % b y w i. h k n .
Fiber Content - 64.7% by Wt. No. of pancla from which sp•cimen*
Foibe Contctit - 64.4% by vo. were tested lia tis table - 12

VoldCentr& 2. by ol.ThicUkass of each iy16 sovcimea"--•'•-• •ii".:00-6 Fly, W)•-I5 Fly'

TENSION- 0°

____________ 7 o3r 72* 260*8' 350OF

Sko 146.2 198.7 176.6 441.7

stnd. dev. (kst) 7.9 14.9 8.6 15.0

Range (kSi) 133.Z.153,6 l82.0-Zt8.Z 162.3-194.5 U?7.2-156.3
No. of Specimens 5 6 5 5
•i (ksi) 146.2 198.7 176.6 130.8

stnd. 4ev. --. 14.9 8.6 26.5

No. of Specimens 2 7 5 5

t
(M51) 20.7 20.3 1q. a 19.S

stnd. 4ev, 1.2 1.1. 0.6 0.S
No. of Specimens 6 7 5 5

ati u (nt.) 7050 9000 8o00 7400

stud, dev. 71 449 600 316
No. of S"ctniens 2 5 5 4

v t 0.36 0. 3z 0.32 0.34

stnd. dav. 0.06 0.03 0.02 0.02

No. of Specimens 4 7 5 3

Test Method Straight-sidod tansLon

Reference Design Guide

TENSION: 90c

F7  (ksI) 5.2 4.9 4,8 3.7

stmd. dcv. (ks•) 0.7 0.3 0.6 0.4
Range (ksi) 4. L-5. 8 4.6-5.4 4.0-5.4 3.3-4L2

.No. of Specimnes 5 5 5 5

F
t
Y (kai) 5.2 4.9 4.1 1.6

st"d. dav. 0.7 0.3 0.6 0.7
"No. of Specimens 5 5 5 5

t (Mi} 1.4 1.3 1.1 1.05

EY
No. of Specimens 5 5 5 5

(An4n 3700 3800 4400 4100

stad. dev. 540 250 640 410
No. of Specimen# 5 5 5 5

* 0.024k 0.0201 0.015 0. 0141
Yx

Teet Method Stratrht-sld*4 tension
Ref•rence Des Lgn Guide

.i.Computed using elaesti modulli aad longitudinal PoIssoes ratio.
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TABLE 12

* TENSILE PROPERTIES OF SP313 COMPOSITE LAMINATES

•; COMPOSITE MATERIAL PROPERTIES

Material System - SP313 Prepreg by - 3M GraphitelEpoxy
•.Fiber - T300 Matrix - PR313 Laminate Sp. Gr. - 1.,55

Reiaim Contet Te32.mperbywtue- 3Average Ply Thickness - 0.0055 inch
o &in Content - 32. 5% by Wt.

d.er Content - 59..5% by vol. No. of panels from whic1 spe4imens

.rVoid Content - Z 4 by vol. were tested in this table - 5

Thickness of specimens - 8 plies

S~TENSION: _+ 45°
- 67OF 7ZOF Z60OF 350OF

AFtP Cksi) 4.50 80.99 15. 0 10.694

stnd. dev. (ksi) 0.36 0.39 0.438 . 04•;iRange {ksi) Z4. Z-ZS.I 1 0.67-21.58 14.52-15.56 10.33-12. 73

No. of Specimens 5 5 5 5

( ) 38.28 .86 3.86 7.963

stnd. dev. (ksi) 0.78 0.17Z 0.4 0.37
No. of Specimens 5 5 5 5

•t (Msi) 3.0 o . 70 2.I ,1. 92

stnd. dev. 0. 16 0. 17 0.1I0 0. i0

stnd. dev. 894 15 S.44,0
No. of Specimens 5 5 5 5

It 0.66 0.73 0.74 0.83

stnd. dev. 0.04 0.05 0.04 0.02
No. of Specimens 5 5 5 5

Test Method Straight-sided tension
Reference Design Guide
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TABLE 13
COMPRESSIVE PROPERTIES OF SP313 COMPOSITE LAMINATES

•i } ~COMPOSITE MATEREAL PROPERTE
-• ~Material System, $P313~~p•/

Fiber - T300 Uatrix - PR313 P.,epreg by -3M
h! Maximum Rated Temperas e - 350 F Larpame Sp. Ge. - 1. 5
Resam Content - 31.3% by wt. Average Ply Thickness . 0,005 i.f:}"liber Content - 60. 5% by voL. I•. •L pnetla hum which specimee•

Void Content - 1.7% by vol. were tested in this table - 3
T h ick n e ss o f e ac h ty p o ope c i a ae :
00-14 plies; 900-14 plies

_____ _,,__ •"COM, MItESsIO • _

__________ -67"r ?207 160o
0 T so

.kai) 166,3 157.4 147.9 148.1
tad. dat. rhuh 35.0 Ia.l 25.6 6.8

.* (kat) 123.1-225.4 43.64172.8 119.8-194.6 141. 3-159.1
o. of Specimens 7 5 6 5

S(ksQ) 63.0 3S.8 63.5 53.0
std.. dtv. 23.0 7.9 19.5 23.8
No. of Specimens S 5 6 5

S:•.E (M,,t) 21.1 1s•9.8 19,.34 25. oZ

-tiad. dev. 4.36 0.9 1.91 1.9
No. of Specimens 7 5 6 S

Ca b Win) 20,2001 1Z,600o 11,400. 7.3001

stnd. dev. 13.200 6.400 6.000 4,100
No. of Specimens T 5 7 5

Test Method Cealasee coupon and test fixture
Reference AVML-TR-?Z-205, pt. I

________________ COMPRESSION- 9ii
cu(kei) 42.4 26.4 19.9 16.6

e tad. .ev. (kei) 7.1 3.33 1.9 2.2
Range (kat) 34.7-51.5 22.9-32.3 18. 4-22.8 13.8-19.7
No. of Specimens S 6 5 5
cpl (kai) 18.0 3.93 4.s 4.3

stnd. -low. 12.8 1.7 1.9 1.1
"No. of Specimens 4 4 S 5

c(SMsi) 1.85 1.72z 1.49 1.56

stnd. 4ev. 0.32 0.20 0.11 0.3
No. of Specuinans 5 6 S 5

9 u(tIfn 33,50 17,2001 Z0,500 1 34, 7001

stud. dev. 12.300 10.900 12.$00 13,400
No. of Specimens 5 6 S 5

Test Method Celanese copti. and test fieture
SRcforcnee AFM1.TR.7- 72.°Z05, pt. i

SUltimate *train tvalc. represent maximum observed strein rather than
,ltimat# values. Buckling was observed in majority of tests.

211st recogsised that this wale* appears sabaorunaly big%. but it astertho-
6'. me. wts obtained In the a•me manner as the other values and there was

very lttle scatter in the five values.
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1 58

---.-----.-.-.-- - -

I ! | ~~~~........... ....... i|...... ~~-:l ':



ro o
oL .U 0

4)i

C4 104

.0

o z:

*4 0

U--

04 0)
( 4J3 41

o
0 4

I 02
O$4

0 o i0

'C4

0 0 0 0 0 0

(IS)•) SS38LS

59



•=•- TABLE 14

FLEXURE PROPERTIES OF SP313 COMPOSITE LAMINATES

CONM"POSITE MAT]F1IAL PROPERTIES

Material System - SP313 Preprcg by- 3M lOra ite/
Fiber - T300 Matrix - PR313

Maximum Rated Temperature - 350 F Laminate Sp. Gr. - 1.58
SResin Content - 32.-6% by wt. Average Ply Thickness - 0. 0053 inch

"Fiber Content - 59. 34% by vol No. of panels from which specimens
Void Content - 2% by voL were tested in this table - 2

Thickness of each type specimen:
00-14 plies; 900-14 plies

FLT-XURE - 00

-67°T. _?F O,260°F 350°F

f~u (ksi) 190.0 200.7 13S.7 9.

stod. dev. (ksi) 23.0 26.6 19.0 12.5
Range (ksi) 156.4-209.8 176.7-233.! 113.8-159.6 87.0-117.9
No. of'Specimens S 5 5 5

f
(Msi) 17.63 17.77 17.33 16.29

stnd. dev. 0.52 0. 76 0.65 0.63

No. of Specimens 5 5 5 5

Test Method 4 pt. flexure

Reference DesLgn Guide
Jan., 1971

______ ____________FLEX UR S: 9~00 ____

Ff1 (ksi) 11.24 10.66 6.50 4. 82

stnd. dev. (ksi) 0.60 0. 77 0. 75 0. 23

Range (ksi) 10.46-11.89 9.47-11.34 5.37-7.47 4.46-5.06

No. of Specimens 5 5 5 S

t
E y (Msi) 1.46 1.36 1. 1z 0.95

stnd. dev. 0. 05 0. 06 0.07 0.05

No. of Specimens 5 5 5 5

Tcst Method 4 pt. flexure
Reference Design Guiae

"L Jan.. 1971
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TABLE 15
SHEAR PROPERTIES OF SP313 COMPOSITE LAMINATES

COMPOSITE MATERIAL PROPERTIES

Material System SP313 IGraphite/ Epoxy
Fiber - T300 Matrix - PR313 Prepreg by 3M
Maximum Rated Temperature - 350*3 Laminate Sp. Gr. - 1. 55
Resin, Content- 32.8% by wt. Nominal Ply Thickness- 0.0054 in.
Fiber Content - 59.2% by vol. No. of panels from which specimens
Void Content - 2% by vol. were tested in this table -6

Thickness of specimens - 8 ply
INPLANE SHEAR: 0(

-67 0 F 7Z 0 F 2600F 350OF

F (ksi) 12 27 10.50 7.56 5.47

Stu. Dev. (ksi) 0.19 0.19 0.13 0.52
Range (ksi) 2.10-12.55 10.35-10.79 7.26-7.78 5.17-6.36
No. of Specimens 5 5 5 5

y (Ms!) 0.92 0.78 0.61 0.53

Stnd. Dev. (Msi) 0.06 0.05 0.02 0.01
No. of Specimens 5 5 5 5

'Test Method +45* straight-sided tension
Reference . •mp. "tls. [Vol. 6, p. 252 & Vol. 7, p. 124-1

INTERLAMINAR SHEAR; 00

Fisu (ksi) 14.49 12.69 8.76 7.18

Stnd. Dev. (ksi) 0.51 0.48 0.30 0.19
Range (ksi) 13.76-15.00 11.88-13.04 8.39-9.11 6.98-7.44
"No. of Specimens 5 5 5 5

Test Method Short Beam Shear
Reference Design Guide
___Jan., 1971
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TABLE 16

INPLANE SHEAR PROPERTIES OF SP313 COMPOSITE LAMINATES

COMPOSITE MATERMIL PROPERTIESMa terial System - SPil 3 Prepreg by - 3M Graphite/Epox T

Fiber - T300 Matrix - PR313 Laminate Sp. Gr. - 1. 56
Maximum Rated Temperature - 350*F Nominal Ply Thickness - 0.0054 inch
Resin Content - 27386% by wt, No. of panels from which specimens
Fiber Content - 65.45% by vol. were tested in this table - 9
Vold Content - &Z% by vol.

Iple Sear 0o (fiber P -lel to load direction) .... . ..

-67°F 72°F 260 0 F 350°F

TX, (ksi) --- 2.85
stnd. dev. (ksi) 0.34
No. of Specimens --- 6

Gxy (Msi) --- 0.97•---
stnd. dev. (Mai) --- 0.24 ---

N-o. of Secimens --- 6--- 6i

900 (fiber perpendicular to lead direction)

( 'ksi) --- 8.73 6.65 5.24

stad. dev. (ksi) --- 0.37 0.17 0.25

No. of Specimens --- 6 6 6

x (Msi) --- 0.87 0.72 0.58

stnd. dev. (Msi) --- 0.11 0.08 0.04

No. of Specimens -- - 6 6 3

+450

T (ksi) --- 15.26...
z~y

etad. dev. (ke!) --- - -- ----

No. of Specimens ... 2 ......

G(Mii --- 5.41
Atnd. dev. (Mai) ....-.-.-...

No. of Specimens &--- 2 ......
________________°_2/900°°_____

T (ki) --- 11.80
stnd. dev. (ksi) --- 0. 32 ......

No. of Specimens --- 8 ....

S(Mii) --- 0.78 ---

stnd. dev. (Msi) --- 0.09 ......

No. of Specimens ._. 8 ......

Test Method Rail Shear (3 rail)
Reference Proposei ASTM test, Method 3
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TABLE 20

THE4MOPHYSICAL PROPERTIES OF SP313
COMPOSITE LAMINATES

COMPOSITE MATERIAL PROPERTIES

Material System - SP313 Prepreg by - 3K ;Gr&Phita/ Epoxy
Fiber - T300 Matrix - PR313
Maximum Temperature Rating - 3509F Laminate Sp. Gr. -1.53
Resin Content - 35.34% by wt. Average Ply Thickness -J.0O•2 inch
Fiber Content - 57.00% by vol. No. of panels from which specimens
Void Content - *2% by vol. were tested in this table - 5
Thickness of each type specimen: Therm. Exp.-40 ply Spec.Ht.-20 ply

Therm. Cond.46 ply Glass Trans.-14 pl1

THEFJ4OPHYSICAL PROPERTIES: 0*

•.-670? 729F =2606F¥ 350 *r

fThermal Expansion
Sax (tin/in- OF) 0.16 '.0.13 0•13
Sy(Uin/in-*F) 15.4 18.5 18.5 18.5

No. of Specimens 4 4 4 4
per direction

Specific Heat
(btu/Ib.-OF) 0.171 0.241 0.241 0.261

No. of Specimens 3 3 3 3
Thermal Conductivity

k (btu-ft/ft 2-hr-OF 0.23 0.29 0.37 0.41Sz
No. of Specimens 3 3 3 3

Glass Transition Temp.
Dry (OF) None observed from -670F to 450*F
Wet (oF) 2509F

THERMOPHYSICAL PROPERTIES: +45"

Thermal Expansion
Sa(piin/in-OF) 1.81 1.94 1.94 1.94

Mo. of Specimens 3 3 3 3
per direction

Thermal Conductivity
kz (btu-ft/ft 2 -hr-GF 0.23 0.27 0.33 0.37

No. of Specimens 3 3 3 3

Note. On unidirectionally reinforced specimens, the x-direction is along
the fiber axis, the y-direction is across the fiber axis, and the
z-direction is through the thickness (identical to y-direction).
On +450 bidirectionally reinforced specimens, the x and y directions
are-identical and oriented at 45* to either fiber direction, while
the z-direction is through the thickness.

lValues obtained by dropping sample from noted temperature to 720F
receiver.
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TABLE 21

TENSILE PROPERTIES OF SP313 COMPOSITE LAMINATES
AFTER HUMIDITY AGING

COMPOSITE MATERIAL PLOPMRTMES

Matmsrial Sy.stem - P313 Prapr# by -3 Graphtc/E 2i

Fiber - T300 Matrix . PR313 Laminate Sp. Or. - 1. 55
Maximum Ratud Temperature - 350*F Avverage Ply Thickness - 0. 0055 inch

Rewin Cuntent - 32. 3% by wt. No. oi panels from which specimenl
Fiber Content - 60.3% by vol. were testsd in this table - L 5

Void Content - 92% by voL Aging Conditions - 160
0

F 100% A.H.
Thictoses oreacR type sp~ecimen:

S00.15S Plies; ±45o0 plies

TDESON: 90o

7201. 260oF IZOF 1600F

Exposure Time (hrg) i6 6 990 1990
Weight Gala (% of o*rig. dry wt.) 0.74 0.74 1.751 1. 761

Stnd. Dev. 09) 0.02 0.01 0.04 0.07

No. of Specimens 5 5 1 5

(kat) 5.65 3.44 3.94 1.63

Stnd. Dev. (kni) 0.45 0.41 0.Z1 0.11

Range (kai) 5.10-6.34 2.86-3.87 3.75-4.29 1.56-1.79

I!*. of Specimens 5 5 5 4

i* (ksj) 5.65 3.44 3.57 0.70

SUid. Dos. 0.45 0.41 0.23 0.13

SNo. of Specimens 5 S 5 4

(Ms ,) 1.32 1.10 1.28 0.93

Dcv. 0.02 0.07 0.03 0.05

4O. ot Specimens 5 5 5 4

yto ( Wn/In) 4,400 3,500 3,110 2. 000

Stud. Dev. 400 400 138 189

No. of Specimens 5 5 5 4

Test Method Straight-sid*d tension

Reference Design Guide

TENSION: +45n

Exposure Time (hlr) 48 48 1512 1536
WeiGhtGain % of orig. dry wt.) 0.81 0.81 1 .51 1.591
Stnd. Dev. (%) 0.02 0.05 0,04 0.04

SNo. of Specimens 5 5 5 5

(ket) 21.6 14.7 21.1 13.3

Stad. Dev. (kst) 0.4 1.0 0.3 0.5

Range (kei) 21.3-22.1 13.3-15.9 20.9-Z1.8 1Z.7-14.1

4No. of Specimens 5 5 5 S

Fý (kit) 5.3 3.9 S.4 Z. 53

Stad. Dev. 0.7 0.2 1.2 0.32

No. of Specimen*s 4 5

t (Mse) 2.53 1.91 2.61 1.69

Stnd. Dev. 0.28 0.13 0. 15 0.Z9

No. of Specimens 5 4 5 $

eCi (•W/In) 15.500 >z0, 0oo2 27.000 >z 5. 000Z

Stud. Dev. 51 -
No. of Specimens 2 5

Test )Aethod Straight-oided tension

Reference Desifn .uidde

Notes: 1. 100% estr•ition level at aging conditinfs.

2. Surface plite rcneked at about 80% of ultimate load, breaking e1gee.

+81
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TABLE 22

SHEAR PROPERTIES OF SP313 COMPOSITE LAMINATES
AFTER HUMIDITY AGING

COMPOSITE MATERIAL PROPERTIES

Material System - $P31'3 Peepreg by' - 3M Ova hite/Eow

Fibar - T300 Matrix - PR313
Maximum Rated Temperature -3500y* Lnminate Sp. Os. - I-.S5
Resin Content - 32.1% by wt. Average r-ly Thickness - 0. 0052 inch

Fiber Coatent - 59.9%by vol. No. of panels from 'aijie specim~ens
void onten -&% b-ivol.wet. tested in this tablea

VoidC .ent- IAgnKt Conditions - 1600?'. 100% RIi.3.
Thickness of each type speclimenz

Inpiano sheszr-8 plies, laterlarmlear shear-16 plies

A INPLANE SHEAR

Test Temperature 720? 260?o 720r 260o?

Exposuare Time (hrs) 48 48 151Z I156
Weight Gain (Sof orig. dry wt.) 0.81 0.81 1.55i 1.591
Stnd. Dev. (%) 0. 02 0.05 0.04 0.04
No. of Specimens 5 5 5

V(kal) 10.82 7.35 10.6 6.7

Staid. Dev. (kal) 0.2 0.48 0.1 0.3
Rknge fksi) 10.65-11.05 6.65..7.99 10.3-10.9 6.4-7.1
No. of Specimens 5 55 S

(l 0.74 0.55 0.75 0.46

Std t.0.09 0.05 0.05 0.05

No. of Specimens 54 5 4

Test Mthod 45C strAilght-slded tension
Reference . Co;mp. Mtle. [V6, p252 L. V7, p1

2
41

INTERLAMUIAR SHEAR

Test Temperature nor? 260PF 72*? 2600F

Exposure Time (hra) S04 504 1870 1870
Weight Gain (To1 of oig. dry wt.) 0.74 0.77 1.6-71 1.79,

Staid. Dev. (%) 0.08 0.05 0.12z 0.14

Nog. of Specimens 5 5 5 S

Fi (kal) 12.1, 6.64 9.95 6.02
Stnad. Dev. (kail 0.41 0.1Z 0.34 0.11
Range (hal) 11.71-12.66 6.45-6.78 9.44-10.25 5.83-6.11
N4o. of Specimens 5 5 S

Test Method Short Beam ShAr
Reference D lesignl GuLds Sa3n., 1971

Note: 1. 100%. saturation level at aging condkitons.
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4.2 AS/3004

Tables 23-35 present the data generated for this graphite/
polysulfone composite system. Figures 41-64 illustrate the stress-

strain, fatigue, and creep behavior of the material, as well as
the effect of humidity aging upon the composite material. There

are two points of particular interest worthy of special mention

in the discussion of this matrix system.

Firstly, the large deformations undergone by the +450 spe-

cimens resulted in so much energy dissipation through internal

friction that the stress levels at which the cyclic fatigue

loadings were conducted had to be significantly reduced. It was

found that the maximum cyclic stress had to be kept at or below
about 20% of the static ultimate in order to prevent the speci-

men from self-heating to a higher temperature than the test tem-
perature. Specimen temperature was measured with a thermocouple

taped to the side of the specimen and excursions of over 300OF

above the test temperature were observed on a few specimens

loaded to only 30% of static ultimate. It was found that a

relatively narrow region of between 20% and 25% of static ulti-
mate comprises the initial transition region, below which no

self-heating occurs and fatigue life generally exceeds 1 cycles

and above which, considerable self-heating occurs and fatigue

life drops markedly. One specimen was tested at only 10 Hz

rather than 30 Hz frequency to see if this had any effect upon
the self-heating behavior of the material. This 10 Hz test was

conducted with a maximum cyclic stress level of 30% of the static

ultimate strength. In comparison with a 30 Hz test, also at 30%

static ultimate, the 10 Hz test produced less self-heating and

a longer fatigue life. The reduction in self-heating was quite

marked, with the temperature rise of the 10 Hz specimen being

only one-third as great as that of the 30 Hz specimen (see data

in Figure 56). In spite of this, the specimen temperature still

rose 95 0 F above the test temperature and it seems that a con-

siderably lower cyclic frequency than 10 Hz must be used in order
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to avert this phenomena at cyclic stresses above 20% of static
ultimate on +45* polysulfone matrix composites. All of the
temperature measurements made during the fatigue tests on this
material are summarized in Figure 56 and presented in detail
in Appendix H.

Self-heating has been observed in fatigue tests on the
+45* orientations with the other composite materials characterized
during this program but to a much lesser extent and only at con-
siderably higher cyclic stress levels. This difference is no
doubt due to the significantly smaller plastic deformations ex-
hibited by the thermosetting matrices since the cyclic strain
levels at which self-heating commences are comparable to the
AS/3004 system.

The second point to be mentioned with regard to the AS/3004
composite system is the very low flow which occurs during the
laminate consolidation or "cure" schedule. Since the matrix
resin is an already fully polymerized thermoplastic material,
the consolidation process merely serves to resoften the resin
so the plies will become integrally bonded to each other. The
resin does not liquify during this process and practically no
flow occurs. This represents a distinct processing advantage.
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TABLE 23

PROCESSING DATA FOR AS/3004 SYSTEM

Composite Processing Information

Material System - AS13004 Graphite
Fiber- AS Matrix - P1700 Polysulfone
Maximum Rated Temperature - 2500F Prepreg by Hercules

-Laminate Processing Schedule

Prepreg Drying Procedure: Cut prepreg to desired size and quantity.
Remove release paper and place prepreg pieces in a 250-Z75 0 F cir-
culating air oven and dry for a minimum of four hours. Extra drying
time Is not detrimental to the prepreg.

Layup Procedure: Use a three-sided steel mold of appropriate size. Clean
mold and coat with release agent such as Frekote 33. Release agent

must be capable of withstanding 675°i mold temperature. Bake
release treated mold per mranufactui-er's instructions. Place dried
prepreg in mold with a release ply on either side of the stack between
the mold and the prepreg. Use either Teflon film or Teflon coated
glass fabric, depending on whether a smooth-glossy or matte surface
is desired.

Consolidation Procedure: Preheat the press to 6750 F (a higher temperature
may be necessary depending on mold size and mass). Place mold in
the preheated press and apply contact pressure (about 15 psi). When
the laminate reaches 650 0 F (as indicated by a thermocouple touching
the edge of the prepreg stack), apply 250 psi and hold for 15 minutes.
Cool the laminate slowly (about 5 0F/minute) to below 1 50OF before
releasing pressure and removing fromn press.

Postcure Schedule: None.
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TABLE 24
PREPREG AND COMPOSITE PHYSICAL PROPERTIES :AS/3004

Composite Physical Property Information

Material Systern - AS/3004 Graphite/Potysulfone
Fiber - AS Matrix - P1700
Maximum Rated Temperature - 2500F Prepreg by - Hercules

Prepreg Physical Properties
(Property) (Stnd. Dev.) (Range) (Test Method) (Ref.

Volatile Content- 4. 79%by wt. 0.42 4.31-5.34 HS-SG-500/Z3Z Hercules
Resin Content-37.63%by wt. 2.34 35. 48-40. 75 HD-SG-2-6006C Hercules
Resin Flow- Not Applicable ... (5.2.6,F)
No. of Rolls Involved- 4
No. of ._ttches Involved - 1

Laminate Physical PropertiesI

(Stad. Dev.) (Range) (Test Method) (Ref.)

No. of Panels - 56
Fiber Content- 57.17%byvoL 1. 7Z 5L.674a035,11D-SGO2-600EC He-cut1s
Resin Content- 33.64%bywt. 1.55 80-3&.130 (5.2.6,F)
Void Content- 1. 12% by voL 0.91 0-3. 51 Grid pt. count
Laminate Sp. Gr. - 1.53 0.02 1.50-1.56
Fiber Sp. Cr.- 1.78 As report by mnanuf-acturer.
Matrix Sp. Gr. - 1. 74 As reported by manufacturer.

Thickness per ply-0.0055 in. 0.0002 in. 0.005l-0.0058

-The properties reported here represent averages for all panels of this
material used throughout the program.

.I I
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TABLE 25

TENSILE PROPERTIES OF AS/3004 COMPoSMt= UWNlINATES

COMFGUTR MATER"A PROERTLZS

Mataral Syatste - AS13004 Preprag by - Hercules
Fiber - AS )atlvis - P1700 LaminatS Sp. G'. - 1. 54
Ma.irn.m Rated Tumpe•r•ture - 2500r Average ply ThicCAWs - 0.0453 lah
Resin Coatat - .34. 0% by got.o Nof .pasae frorn which speciansa
Fiber Coest - 57.2%test" in this taby - I
Ioid Coant-l 0.5 by ni.

0--6 ptr q-s l

TUZSON- 0r

-470 7zer iuu l• 7s.r

-(h.. 200.5 137.9 191.5 179.1

stad. dev. 21.6 ZZ. 4 47.9 18.7

flu. o Specimens 5 5 S 5

(Mel) 18.1 16.3 16.2. 17.5

Wstd. dcv. 0.4 0.8 0.4 1.0
NO. of Spechimefs 5 S 5 5

$St (1.) 1.400 10.100 10,600 9.400

stud. dev. 1.100 700 3.100 430
No. of Sp*celzne 4 4 4 5

xl0.31 0.34 0,32 0.34
stad, dev. 0.02 0.05 0.06 o.0.

Ne. ftf Specln4s 5 54

Test Medhod -Straight-sided Tension
Reference Vsiga Guide

TENSION: 900

raSkal) 6.82 5.02 4.93 S.39

stad. dev. (kai) 1.45 0.9" 1.31 0." I

Range Ctai) 4.58-8.826 3.41-6.02 13.17-6.76 4.19-6. 56
No. of Sp•cimens S 5 5 5

.? h kal) 6.32 4.31 4.55 4.03

sitr. dew. 1.45 1.32 1.41 O.59

' t M5) 1.06 1.15 1.07 4.07

set,. 4ev. 0.10 0.14 0.04 0.03

No.of Specla~en 5 S 5

aft (Pjy.Jj/) 6.200 4.600 4,600 4,900
04"dl~. -.ev. 1,100 900 1.100 Soo
N.. at Specimenas 5 S 4

0 0. 0201 0.0241 0.0211 0,0201

Test Ucthod St:ight-cidsed Teazlon
ReSlerncr Design Guide

t  
ged using atit modaili saG lo0altdlaal Putason's retio.
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Figure 42. Tensile Stress-Strain Curves for Unidirectional
AS/3004 Composite Laminates: 900 Fiber
Orientation.
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TABLE 26

TENSILE PROPERTIES OF AS/3004 COMPOSITE LAMINATES

COMPOSITE MATERIAL PROPERTIES

Msterial SY stem - AS /3004 Prepreg by - Hercules IaRapI&EM Poly$ Ullone
Fiber - AS Matrix - P1700 Larninate Sp. Or. - 1. 54
NllMaimuzr Raied Temperature - 2500F Average Ply Thickness - 0.0094 inch
Resin Content - 33.91% by wt.
Fiber Content - S7.2% by vot. No. of panels from which specimena

oiber Content -0ST.42% by VOL were tested In this table - 6• !iVoid Content - 0. 4% by voL

SThickness of specLnen- 3 ply

TENSION: + 45°

670. 72SF 1800Y 250,o

tu (kal) 41.62 31.93 27.76 24.30
stnd. dev. (ksi) 2.05 1.79 Z. 09 0.70
Range (ksl) 38.05-43.12 Z9.96-34.87 25.09-30.04 23.53-25. 14
No. of Specimens 5 5 S S

F- (ksi) 4.97 3.94 3.97 3.13

stad. dev. (ksi) 0. 75 0. 38 0. 23 o.46
No. of Specimens 5 5 5

E, (Msi) 2. 00 1.98 1.93 1.84

-tnd. dev. 0.07 0.11 0.05 0.09
No. of S,:ezirnans 5 5 5 5

0(jin/in) >19,5001 >40,0001 >40.6001 >41,6001

otnd . ,ow . - -.-...
No. Z" Specimens S S 5 S

;t0.81 0.75 0.86 0.81

stnd. dev. 0.06 0.13 0.0S 0.07
No. of Specimens 4 5 5 5

Tent Method Straight-Sided Tension
R!eference Design Guide

Visilbe neckdown occurred and surface plies cracked, creating
electrical discontinuitles in strain gages.
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TABLE 27
COMPRESSIVE PROPERTIES OF AS/3004 COMPOSITE 1AMCYNATES

COMPOSITEMATERIALPRtOPERiTIES ____

material Systemt - .A5/3004 I____________________iFtaer - AS Matrix - P1700 Prepre$ by - Hercules
MaiunRated Teprtr 25007o Laminate Sp. or. - 1. 94

Resin Content - 33. 1% by wt. Average Ply Thickness -0. 005Z In.
Fiber Content 57. 9% by voL No. ot panels frd•r which specimens
Void Content - & 0 were tested in Whis table - 2

."ickne.: of -pecimenr - 20 ply
COMPR=SiK N;_______

.67 0 5, 77.. 180°7 250.o

2 (kL) 147.9 102.1 102.6 904
tnd. de,. (Wal) 2.6 10.8 13.4 11.2

Ck-- (h.l) 143.-44%8 818 - 110.3 91.9-125.8 73.8-105.0
o. of Specuiens 5 5 5 5

C (kal) 76.0 83.4 69.9 76.4

-std. dev. 16.8 Z4.7 25.3 28.8
No. of Specimens S 5

Ex (l5st) 18.7 17.3 18.1 18.S
stAnd. dev. 3.0 0.S 0.9 1.4
'No. of Specimens 5 5 5 "

u (pLati n/) 8,500 6,300 6.000 5,000
X

Sind. dew. 1,600 1,200 1,400 1,000
No. of Specimens 5 5 58

Test Method Calanese coQpon and tnst fbXt%;re
Reference AFML-TR-72-Z0S, Pt. I

COMPRESSION;: 9 0
CFT (kst) 31.8 18.9 15.3 13.4

Ansd. dev. (ksi) 2.0 1.5 0.7 1.3
Range (ksi) Z9.9-34.0 16.8-20.7 14.8-16.5 11.3-14.8

o. of Speciniens 5 5 5 S
Fpl (kst) 16.5 7.9 8.7 4.9

stand. dev. 7.8 2.8 2.8 0.9
No. of Specimens 5 4 5 5

c
Ey (lMAi) 1.22 1.60 1.21 1.33

stnd. dev. 0.07 0.32 0.25 0.34
No. of Specimens S 5 S S

sa (vLain) 47,000 11.9001 38,400 37,000

stnd. dev. 18,000 5.000 3Z2, 900 18,000
-No. of Specimens S 4 5 5

Test Method Colantse coupoat and test fixture
Reference AFML-TR-72-W0S; Pt. I

Ultimate strain vzluec represent mna.imum obaerved ztrain rather than ultlmate

values. Buckling was observed in majority of tests.
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Figure 44. Compressive Stre3s-Strain Curves for Unidirectional

AS/3004 Composite Laminates: 00 Fiber Orientation.
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TABLE 28

FLEXURAL PROPERTIES OF AS/3004 COMPOSITE LAMINATES

COMPOSITE MATERIAL PROPERTLES

Material System - AS/3004 Prepreg by - Herculs •Oraphito/
Fiber - AS Matrix - P1700 PojysloeA*
Maximum Rated Temperature - ZSOT Laminate Sp. Or. - 1. 52
Resin Content - 32.9% by wt. Average Ply Thickness - 0. 0056
Fue•r Coent - 57.7% by vol. No. of p&nels from which specimens
Void Content - 1.%• y vol. were tested in this table - 4

T7.hckne:z of specimen - 14 ply

FLEXUR __ .E.... .:-00
-6 07F 72°F .10o °

(ksi) ZZ7. 9 191.5 ;56.3 135.2

stad. dey. (ksa) 4.3 10.1 2.3 3.2
Range (ks;) ZZZ.9-232.0 176.Z-.01.5 153.6-159.0 129.9-138.Z
No. of Specimens 5 55

f
Ex (Msi) 20.0 17.8 19.1 20.0
stnd. day. 0.7 1.4 1.7 0.5

No. of Spec•-zens S s S

Test Method 4 pL flexaue
Reference Design Guide; 3an., 1971

__FLEXURE- 900

S(ksL) 13.40 13.00 11.33 10.11

stnd. dcv. (ksi) 0.99 1.15 1.53 0.72
Range (ksL) 11.81-14.12 11.59-14.62 9.38-12.96 8.88-10.69
No. of "pecimens 5 5 5 S

t
(MsL) 1.31 1.28 1.17 1.08

Atnd. dev. 0.03 0.04 0.09 0.01

No. of Spocimens S 5 5 5

To~zt Method 4 pt. flexure
Rcfrence Design Guide; :an. 0 1971
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TABLE 29

SHEAR PROPERTIES OF AS/3004 COMPOSITE LAMINATES

COMPOSITE MATERLAL PROPERTIES

Material System - AS/3004 I Gravhtte/Poit~ilfone
Fiber - AS Matrix - P1 700 Prepreg by - Hercultes
Maximum Rated Temperature - 2500 F Laminate Sp. Gr. - 1. 53
Resin Content - 33.6% by wt. Average Ply Thickness - 0.0054 in.
Fiber Content - S7.4% by vol. No. of panels from which specimens
Void Contest 1.0% by vol. were tested i_ this table - 9

Thickness of each type specimen-
laplaae-3 ply; Laterlarinar-14 ply

NP LANE SHEAR

d' s -67°F J °F I 1807 z50°F

F(ki) 00.81 15.97 13.88 12.5 i
•.stad. dev. (ksi) 0.99 1. 00 1. 04 0.35
SRange 19..03-21.56 14.98-17.44 lZ.55-15.02 11.77-1Z. 57

" -No. at Specimens 5 5 5

stnd. dev. (0.l) 0.03 0.04 0. 0Z 0.08
No. of Specimens 5 5 S 5
Test Method +45° Stralght-sided Tension
Reference T. Cornp. Mtu. [Vol.6 , p.;Z2 52 Vol. 7,- p- 2 41

• II•T 4ER LA f'AR.,/I SHEAR•

" St (kni) 14.0 11.6 9.6 8.4

Stnd. Dev. (ksi) 101.0 0.5 0.5
Range (ksi) 11.9-15.3 10.2-13.3 8.4-10.0 7.9-9.6
No. of Specimens 9 9 10 7

Test Methuod Short Beam Shear, S/Da4
Reference Design Guide, :an., 1971
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Figure 59. Tensile CreeD Behavior of Unidirectional AS/3004

Composite Laminates: 0* Fiber Orientation.
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Figure 60. Tensile Creep Behavior of Unidirectional AS/3004Cormposite Laminates: 90* Fiber Orientation.
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Figure 61. Tensile Creep Behavior of Bidirectional
AS/3004 Composite Laminates: +45* Fiber
Orientation.
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TABLJE 33

THERMOPHYSICAL PROPERTIES OF AS/3004
COMPOSITE LAMINATES

COMPOSITE MATERIAL PROPERTIES

Material system AS/3004 Prepreg by - Hercules Graphite/Polysulfon
Fiber - AS Matrix - P1700
Maximum Temperature Rating - 250*F Lamina-e Sp. GZ. - 1.55
Resin Content - 33.7% by 4t. Average Ply Thickness -0.0052 inch
Fiber Content - 57.4% by vol. No. of panels from which specimens
Void Content - *0 were tested in this table -5
Thickness of each type specimen: Therm. Exp.- 40 ply Spoc.Ht.-20 ply

Therm. Cond.- 30 ply Glass Trans.-14 ply

THERMOPXYSICAL PROPERTIES: 0'

j -67*F 72*? 180OF 2506F

Therl �Expansion
a(uin/in-eF) -0.007 -0.006 -0.006 -0.006
cz(In/in-°F) [ 17.00 17.00 17.00 17.00

No. of Specimens 3 3 3 3
per direction

-• • Specific HeatCp (btu/.b.-OF) 0.142 0.183 0.215 0.235

No. of Specimens 4 4 4 4

Thermal Conductivity
kz (btu-ft/ft 2 -hr--? 0.26 0.30 0.34 0.36
No. of Specimens 6 6 6, 5

Glass Transition Temp.
Dry (OF) 417OF
Wet (OF) 379OF

THERMOPHYSICAL PROPERTIES: +45o

Thermal Expansion. x (uin/in-9F) &'0 1.6 1. 8 1. 8
NO. Of Specimens 3 3 3 3

per direction

Thermal Conductivity
kz (btu-ft/ft2-hr-'Ft 0.23 0.27 0.30 0.32

No. of Specimens 3 ____ 4 4___
Note: On unidirectionally reinforced specimens, the x-direction is along

the fiber axis, the y-direction is across the fiber axis, and the
z-direction is through the thickness (identical to y-direction).
On +450 bidirectionally reinforced specimens, the x and y directions

4 .are identical and oriented at 450 to either fiber direction, while
the z-direction is through the thickness.
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TABLE 34

-7c8ILE~ RPk aTiE -rAS/3004 COMPOSITE LAMINATES
AFT.PR HUMIDITY AGING

COUPWISI7 U&TULIAL 13ROP=flT=

#1 ~~~~~atwrat 8yotom - A/301j4 VPrpreg by Norweul"a ~ Ab~I~~.*fo
Metb -As i tatrix - P1700 lataS. at*. - 1.-$?,

"sagimom Ra d Temporati•re - Z5001P Av*erq4g Ply Thlloea - IL .GM14 1
tesal.contont - 33.9% bV w. No. of P&A40~ frona "bIe1 spectasao

Fibe Conent 54.% b~v3.were tawted 4% tw~ltawa
VONd Coatemt Z21I by vol. Aging Condition$ - May As 100% . A

Thickness of each ty"a speltmext I0 S pliza; IS*-t pil

Exposura Time (bra) 9 9 744 144
Welght GaIn.(S oft *K, dry wt. 0.9 0.20 0o.33 6.113
Stad. Dev. (%S 0.01 0.03 0.02 0.0,2
No. of Sp"Lcs asn S S S

(.kst) 5.72 4.13 3.96 3.03

Stid. Dow. {kst) 0.77 o.t o045 0.38
Ran&* tksO) S.00-6.95 2.90-4.81 3.45-4.48 L79. f3i2
kio. of Specimens S 5 £ S

FI Na•;t) J.00 o2.99 L 76 2.04
Stad. Day. 0.52 0.57 0. 42 0. sz

"N4o. of Specimens 5 5 9 1

048) 1.20 1.09 1.11 1.0.
S44. Day. 0.02 (.on 0.03 0.02
14o. o tSpeclmens s

to
a+t (IL In/In) 4960 4000 1640 2960!

st.5d. Dea. 710 840 450 420

No. of Spectmens 5

Test Methbod Straight-sided tesnsio
Reference Do alg'Oolda

TENSION: +45*

Laposare Time (bra) 3 3 574 576
Y'eight Gain (a of orig. dry wt.) 0.25 0.Zl 0.433 0.433
Stnd. Dov. (0) 0.2 0.03 0.0z 0.02
No. of Specimens 5 3 5 S

VFt, (ks l) 37.43 20.46 32. 5 23.97
Stad. Day. (ks 1) 6.13 1.82 1.44 1.47
Range (rks1) 27.08.45.Z3 17.99-22.02 31.2Z-34.45 20.75-26.56
1No. of Specimens 5 4 5 4

rx (kal) 3.46 2.36 4.40 2.4"t
Stnd. Dev. 0.10 0.29 0.30 0.31
No. of Specimens 4 4

t
Ex (Mol) !.94 1.84 2. z0 Z. 07
,rtrid. Dov. 0.15 0.29 0.08 0.10
SNo. of Specinions 5 4 5 4

(P Inj/n) 58,z001 38. 9001 so, SOO0 167,0002

Stnd. Dow. 7, 001 11,0001 81001 ..
No. of Sp.cis S 4 t 12

Test V._thd _.5sraightt-sidcd tult.ton

1. Surfr•e plies cracked at about 60% of ultimate stress. breaklng gaeps.
Z. S•rface plies on three specim-ens cracked at 50%e of ultimate stress. breaking gages.
3. 100% sataration level at agIng conditions.
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4-E
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TEST WEIGHT GAIN DUING
) C CURVE TEMP HUMIDITY AGING

SF_ (OF)M BY WT)- REF SECT. 3.4

A 72 0-DRY CONTROL
a 72 0.19
C 72 0.32-SATURATED

D 250 0-DRY CONTROL
E 250 0.20
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Figure 62. Tensile Stress-Strain Curves for Unidirectional
AS/3004 Composite Laminates After Humidity Aging:
900 Fiber Orientation.
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TABLE 35

SHEAR PROPERTIES OF AS/3004 COMPOSITE LAMINATES
AFTER HUMIDITY AGING

COM•POWt MATERIAL PROPERTIES

Material System -AS/3004 Prwpreg by. - mrcutom QIý!uep~~t/olzoulfons
Fiber - AS Matrix - pi7o
Maximumn Rated Temperature - 2500 F Laminate Sp. Or. - 1.* 52
R#*et CoAtent - 33.2% bry wt. Average Ply Thkous& - 0. 0053 inch
Z rbet Content - 57. 1% by vol. No. of panels from which specimens
iVold Content - U * by vol. - were teted Lu this table-

Aging Conditions - 1606T & 100% R.H..

Thicknes of each type specizzen: z plaun shear.8 pl~es; thterlaminar shear.14 piles

INPLANE SHEAR

.Test Temperature ?zOr ZS0o 72o2 50 Fr

.,(posure Time (hrs) 3 3 576 S76
Weight Gain (% of orig. dry wt.) 0..5 0.21 0.431 0.431
Stad. Der .%) 0.02 0.03 o. 0z 0.02
No. of Spectmeas S 5 5

I: ket) 18.7v4 1o.Z83 16.2•6 11. 9s

Mnd. Dc,, (ks t ) 4.07 0.91 0.72 1.23
"Range (ksl) 13.54-2.33 8.99-11.01 15.61.17.23 10. 38.13.28

No. spoilpe en. 5 5 4

(M1t) 0.4 0.48 0.60 0.48
Stu&. Dev 0.04 0.07 0.03 0.02
No. of Specimens 5 4 5 4

Teat Method +450 sttL8t-sided toenlon
.'"�ae eJ. Comp. l . rV6, p252 k Y?. pl241

"INTERLAMWAR SHEAR

r po5ro Timo (hrs) $52 552 625 625
Weaiht G&Ln (% of orig. dry wt.) 0.69 0.69 0.871 0.871
Sta-d. D•v. <5> 0.46 0.47 0.19 0.15
No. of Specimens 5 5 5 5

- Lao (ksct) 8.80 7.06 8.49 6.53
Stud. Dev. (kai) 0.87 0. S9 0.44 0.52
Range (kat) 7.35-9.33 6.30-7.61 8.08-9.09 6.07.7.42
No. of Specienias 5 4 5

"Test Method Short Bea.n Shear, SID.4

LR efernce Design CGude - an.*, 1971

1i00%e aelurattos level at aging conditions.
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4.3 AS/4397

Tables 36-48 present the data generated for this graphite/
polyimide composite system. Figures 65-87 illustrate the stress-
strain, fatigue, and creep behavior of the material, as well as
the effect of humidity aging upon the composite material. Two
points of particular interest must be pointed out relative to this
material system.

The first item concerns the fabrication of thick (15-20
plies and above) laminates with AS/4397. It has been found im-
possible to prevent delamination of panels over 20 plies thick
from occurring during the postcure cycle. No delaminations are
present at the conclusion of the cure schedule, prior to post-
curing, but gross delaminations occur during- the postcuring
cycle. Since the cure schedule takes the panel to 4000F while
the postcuring schedule takes it to 4500F, the damage evidently

occurs somewhere in this temperature range. A TGA was conducted
on a sample of the cured but not postcured AS/4397 material which
indicated that no volatiles were being released in the 400-4500 F

* temperature region so this apparently does not account for the
* problem. A number of variations in the postcuring schedule were

tried including very slow heat up1 rates, greatly extended hold
times at intermediate temperatures, and the maintenance of pres-
sure throughout the postcure, all without success. Perhaps the
thermal stresses induced by raising a panel thicker than 20 plies
to a temperature of 450 0 F are sufficient to cause the delamination.

The second point pertains to flexure testing for the
AS/4397. As mentioned in Section 3.5.3, all flexure testing
with the exception of the 00, AS/4397 specimens was performed

* with a four-point loading technique. It was found necessary on
the 0*/AS/4397 flexure specimens to use a three-point loading
technique in order to insure consistent flexural failure modes
rather than delamination failure modes. Fourteen room temperature
four-point flexural tests were conducted on 00, AS/4397 specimens
with four good flexural failures, five mixed-mode failures, and
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five outright shear failures resulting. The average flexural
sress o c -f -iI de--t----- these type failures was 224.4 isi, 211.4 ksi,

and 160..8:kai, respectively. It is apparent that the 'flexral

strength obtained from good failure modes in four-point lO-ding

is identical to the Value reported in Table 41 for three-point
loading. ,The flexural stress at failure-understandably falls off

I. as the failure mode change& to a combination of' flexure and
shear and ultimately, to pure shear. The shear stresses present
in these fourteen spekcimens at failure ranged from .6700 to 7060
psi on the .good flexural failures, between 6450 and 74.30 pr4 on,

A the mixed-mode,.failures, and between 4490 and .6111 psi on the

shear failures.

.12
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TABLE 36

PROCESSING CONDITIONS FOR AS/4397 COMPOSITE LAMINATES

Composite Processinag L'~lormation

Mdaterial System - AS/4397 aphfe/Poyiznid*
• Fir- AS Matrbc - 4397

ax-inicin Rated Temperature - 45Q07 Prepreg by - Hercules

Laminate Processing Schedule

Lay•,p Procedure. Prepreg warmed to R. T. in closed wrapper. Preproeg
removed from package and plies cut to desired size using razor blade.
Plies stacked in desired sequence (release paper removed fro= each

ply). Stack placed in autoclave an sheet of nonporous Teflon and sur-
rounded with cork dam to restrict fiber flow. Sheet of porous Teflon
placed on top of stack and one ply ad bleeder paper per four plies of
prepreg placed on top of this. A sheet-of nonporovi Teflon is placed

over the bleeder paper and covered by the silicone rubber bladder.

"Cure Schedule: Under full vacuum, the temperature was increased to 275 0
7

at a rate of 4 to 50 per minute. When Z750 F is reached, a pressure of
85 psi was applied above the bladder. At this pressure and still under

full vacuum, the part is held at 27507 for 30 minutes. The temperature

was then raised to 40003 at g°F per minute and held at 400*7 for I hours.

The panel was cooled under pressure to .elow 150F" before removal.

Postcure Schedule: After trirnmmng of flash, the panels were placed, .n-
restrained. in an oven and heated to 400OF at 50F per minute. After

I hour at this temperature, the temperature was raised to 45007 at
5oF per minute and then held for 48 hours before cooling to room
temperature.

Notet It was found that when laminates thicker than about twenty
plies were made, gross interply delamination occurred
during postcure. Several modifications of the postcure

schedule outlined in the table above were tried, including-
much slower heat-up rates, extended hold times at inter-
mediate temperatures, and application of pressure, all
without success.
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TABLE 37
PREPREG AND COMPOSITE PHYSICAL PROPERTIES= AS/4397

Composite Physical Property Informationi

Material System - AS/4397 Grap•.jio1yimide
Fiber - AS Matrix - 4397
Maximum Rated Temperature - 450*? Prepreg by -IHercule6

Prepreg Physical Properties

(Property) (Stnd. Cev.) (Rarjs3 (Test Method) (Ref.

Volatile Content- 0.21% by wt. 0.04 C.18-0.27 HD-SG-2-6006C(5.1)

Resin Content-42.6% by wt. 1.3 40.4-43.8 ID-SG-2-6006C(5.2.6,F)#

Resin Flow- 25.9% by wt. 2.2 23.2-29.6 HD-SG-2-6006C(5.3.1,0)1

No. of Rolls Involved- 2

A No. of 1Batches Involved - 1

Tarnam;nate Physical Properties1

(Stnd. Dev.) (Range) (Test Method) (Ref.)

No. of Panels- 46
Fiber Content-63.6% by Vol. 2.1. 52.5-66.4 HD-SG-2-6006C(5.2.1),lHercules
Resin Content- 2 8 .5% by wt. 1.8 25.8-34.4 HD-SG-2-6006C(5.2.1)
Void Content- :;0% by Vol. - Grid pt. comt

Laminate Sp. Or. - 1. 57 0.02 1.53-1.60
Fiber Sp. or. - 1.78 As reported by manufacturer.

Matrix Sp. Or. - 1.26 As reported by manufacturer.
Thickness per ply- 0.0056 inch

•The properties reported here represent averages for all panels of this
nmaterial used throughout the program.
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-TABLE-T3

TENSILE PROPERTIES OF AS/4397 COMPOSITE LAMINATES

COM.OSITE MATER•AL, PROPITIU.

Material Systtm - AS14397 Prepreg by- Her caules oraie•iPotv ,wle
Fiber - AS Mstvi- - 4397 Larninato Sp. COr. - 1. 57
MA.ximtum Rated Temperature - 450OF Average Ply Thickness - 0. 0057 inck
Resis Contamt - 28.Z by wt. No. o1 pwmls from0 mihilh speclm.e9
Fiber Co utet - 63- 6% b vol. were tested in this tabe - I
Void Content - 0 0. by vol. T"icknaes of each typ se omama

00-4 pites. WO-l6 pliow

•; ;-6 + o r " or~o 3 5 o f 4 5co ur

4I.si) 19S.4 203.3 ,...4 206..

a,-d. de. Met) 1.9 6.6 17.9 13.0
gangs (kui) 189.:S400.0 1%.4.,40%4 109.7.Z22. 7 185.4-Z17.6
NO. of Speci~mas 5 6 6 5

, . (kni) 195.4 203.3 179. 1 206.S

si d. dev. 3.9 6.6 30.8 13.0
No. Of Specimens 6 6 6 5

It (Mat) 19.4 18.3 18.-9 18.1

..td. dav. 0.5 0.6 1.2 0.6
No. of Specime+ns 6 6 5

st (wimU) 9300 10,300 "8So 10.900

sttd. tey. 100 475 1240 200
Ne. of Spect•nm 4 6 4 4

t
5I7 0.31 0.30 0.31 0.33

stud. dev. 0.02 0.0z 0.03 0.03
No. of Spectmens 5 S 5
Teat Method SIaS1-s14" tanLsan

y, (hai) S.29 5.37 3.81 2.96

stud. dav. (kts) 0.61 0.33 0.38 0.21
Range (kei) 4.56-5.78 4.94-5.85 3.22-4.40 2.75-3. Z8
No. of -pocmens 5 5 5 5

. kai., 5.29 5.37 2.76 2.14

stnd. dev. O.S1 0.33 0.73 0.30
eN. of speceme•s 5 5 5 S

Zi (mai) 1.47 1.39 1.09 0.76

Stud. dev. 0.02 0.01 0.13 0.05
No. of SpectuiseAs S 5 55

y (uillns) 3600 3900 3400 4200

stud. dav. 300 260 300 300
No. of Specimens 5 5 5 5

5 0.0231 0.023, 0.0181 0.0141
yx

T-st method SikgA-i, ension
R fe~cronce Design Guide

t
Computed using elastic maodulli and longitudinal Poisseon'. ratio.
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Figure 66. Tensile Stress-Strain Curves for Unidirectional

AS/4397 Conijjosite Laminates: 900 Fiber orientation.

131



TABLE 39

TENSILE PROPERTIES OF AS/4397 COMPOSITE LAMINATES

COMPOSITE MATERiAL PRnOPERTIES

Material Systcm - AS/4397 Prepreg by - Hercules •J¢•ap•it/Pc1yio ide
Fiber - AS Matrix -4397 Laminate Sp. Gr. - 1.68
Maximum Rated Temperature - 4500F Averase Ply Thickness - 0.0057 aich
Resin Content - 27. 5% by wt.

Fiber Content - 65. i% by vol. No. of panels from which specimens

Void Content - t- were tested In thik table - 4

Thickness of specinazens Sply

TEiNS•ION: + 45O

-67oF 77°F 350 0 F 450OF

t (ksi) 19.26 i8.f7 16.61 16.70

st-td. dev. (ksi) 0.37 0.37 o.76 0.41

3. Range (ksu) 18 78-19.81 18.,0-19.Z0 15.26-16.93 16.34-17.40

No- of :ecinens S 5 5 5

Ft (kai) 8.69 7.46 3.68 2.78

stud dew. (hail 1.45 0.73 0.96 0.67
No. of SpeciMens 5 5 5 5

-•: e .. .(Mi)2.81 2.66 2. 05 1. 79
.tnd. dev. 0214 0.09 0.17 0.19

N• •o. of Soecirn-ns 5 5 $ 5

,tu (pin/in) 10,700 11,800 >25,0001 >17,0001
S

stnd. dev. 800 1,700 ......

No. of Specimens 5 5 5 4

t0.71 0.72 0.71 0.65
Xr

Sstnd. dev. 0. 07 0.06 0.05

No. of Specimens 4 5 5 3

Test Method Str aiht-sided tension

SReference Design GOudo

Notes: 1. Surface pues cracked, creating electrical discjttnuities In
ctraia sages.
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TABLE 40

-COnSSIVE-r-RPEWH~ES OF -AS/4 397
COMPOSITE LAMINATES

COMPOSITE MATERIAL P•,OPERTIES
Material Systemu - AS;4397 PIapp'te/9bmide
Fiber - AS Matrix - 4397 Proprol by - Hercul~es- !
Maximrum Rated Temperature - Lazzinate Sp. or. - s.50

Resin cootat - Ze. 2% Vy wt. Awrage Ply Thickness - O, 0054 in.Fiber Go"- ;- 62. 9% by YoL No. of pael fromn which specimnsat
Void Content - &0% by Val. wore tested in this table - I
Thickness of specimens -- ZO ply

-67F 7ZnP 350 0

(kat) 235.8 206.1 164.6 152.8

tad. derv. (fret, 7.2 15.2 36.9g. (Wt) 232.1-243.7189.7-22at.9151.8-182.9 110.7-179.8
o. St Specimens 5 5 3

(kni) 10o.9 17Z.2 121.7 70.$
tad. dey. 15.8 47.4 28.3 27.L

I.o oSpcimens 5 3 5

Ex (Mat) Z1. 3 18.? 19.1 18.Z
setd. dev. 1.0 0.81 2. 3.1
No. of Specimens 5 5 5 4

aca. .. & ,in.) 13.2001 11, 800Z a800 ,9 003

stad. dy. 5900 3800 1700 5600
No. of specimnens S 5 3

Test Method CZ*4ese coupoil and test fixtu'e
SRefer'ence AML-TR-72-OS, Ft. I

*W ,td.ev. (ksi) Z. a Z. 9 2.0 o.0o

ango (kIa) 35.0-39.5 26.0-34.0 18.5-22.8 18.0-ZS.40o. of Gpectmens 5 55

(Mit) 1.97 1.45 1.16 7.9

sted. daev. -.-- 0.38 0.07 0.67
No. of Specinmens 5 S 3 S

seia 0wtin) 21,900 1'3000 24,200 >9,4005

steid. dev. 4,700 7000 8400 ---
No. of Specimens 5 4 5 5

Test Method Celanese coupon asnd test fixture
SReforetme ArML-TR-7Z-205, Pt. I

-Notes: 1. Three of five specimen. exhibited evidence of buckling.
" 2. On. of five specimens exhibited evidence of buckling.

3. One rA three specimenso exhibited evidence of buckling. The tabs
dcboaded a a fourth specimen prior to tailure.4. This Value appears high Ln comparison with the 72OF and 3SC°F

* -~valelgs buit nonetheless. La the measured average.
5. Lost strain gage signal prior to failure on four of the five specimens,
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Figure 68. Compressive Stress-Strain Curves for Unidirectional•: .%S/4397 Composite Laminates: 00 Fiber Orientation.
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TABLE 41
SFLEXURAL PROPERTIES OF AS/4397

COMPOS ITE IaAUGlATES

:-. ~ Maera Syte - AS/.4 P-o-rej b--yi-?oM 1r • _R •0'-a•S Hecui 6- Pita/pol" ...i.
•,• ~Fiber - AS "MAatrix - 097....
,!Maximnum Rated Temperature - *60°F Laminate Sp. Or. - 1. 57

S-Resin Content - 31. Z% by. wt. Average Ply Thickness - 0. 0058 inch

Fibebr Content - 61. 41% by vol. No. of panels from which specimens
Void Content - &O 0 by **L. were tested In this table - 2

Thtclness of each type s pecimen:
"0°-14 plies: 90*-14 pliles

FLEXURE 00

--.670Y 72F 3S0°F 450 0 F

(kni) 239.9 224.4 178.8 128.6
stnd. dov. (ksi) 11.8 10.5 1S.9 4.,S
Range (ksi) 228.5457.5 21Z.3-Z39.5 165.8-204.6 IZ3.9-133.7
No. of Specimens 5 5 5 5

f
X (Ms ) 17.3 18.4 17.3 16.7

stnd. dcv. 1. i 0.6 1.6 0.6

No. of Specimens 5 5 5 5

•:,rest method 3 pt. flexure

Jan. , 1971

_ _ _FLEXURE: 900
Sfu (ksi) 9.28 8.88 5.34 4.3Z

stnd. dcv. (ksl) 1.03 0.51 0.77 0.80
Range (ksi) 7.74-10.31 8.31-9.65 4.44-6.20 3.28-5.34
No. of Specimens 5 5 5 6

t
E y (Msi) 1.55 1.50 1.19 0.66

stnd. dev. 0.12 0.21 0.04 0.09

No. of Specimens 5 5 5 6

Tcut Method 4 pt. flexure
Reference Des I.n Guide

- San., 1971
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TABLE 42

SHEAR PROPERTIES OF AS/4397
COMPOSITE LAMINATES

COMFOSITE MATERIAL PROPERTIES

Material System -S/4397 IGraphlte~olyimide
Fiber - AS Matrix - 4397 Prepreg by - Hercules
Maxim== Rated Temperature -450'F Lamiinate Sp. Or. - 1.59
Resin Content - 27.8% by wt. AveragePly Thickness - 0.0057 in.
Fiber Content - 65.6% by vol. No. of panels from which specimens
Void Content - 40 were tested in this table - 5
Thickness of specimens:inplane-8 ply; interlaminar-14 ply

__...._I-NPLANE SHEAR

_ _-67_F 7°Fl 350'0? 4501F
3U (ksi) 9.63 9.36 8.31 8.35

stnd.dev. (ksi) 0.19 0.19 0.38 0.21
Range 9.39-9.90 9.10-9.60 7.63-8.49 8.17-8.70

No. of Specimens 5 5 5 5

GX. (M•a) 0.83 0.77 0.56 0.54
stud. dev. (Msi) 0.04 0.02 0.05 0.07
No. of Specimens 4 5 5 1 3

Test Method +450 Straight-sided tension
Reference J.Comp.Mtls. (Vol.6, p. 252 & Vol.7, p. 1241

INTER LAMINAR SHEAR

-67 0 F 72 0 F 350"F 450OF

Fisu (ksi) 14.73 13.62 9.79 6.21

Stnd. Dev. (ksi) 3.41 1.73 1.18 0.89
Range (ksL) 10.77-18.96 10.96-15.14 8.71-11.47 5.13-7.24
No. of Specimens 5 5 5 5

Test Method Short Beam Shear
Reference Design Guide - Jan., 1971
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Figure 70. Inplane Shear Stress-Strain Curves for
AS/4397 Composite Laminates.
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8000 161.9 ksi
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6000 12.5 ks! 35c*
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F'igure 83. Tensile Creep Behavior of Unidirectional AS/4397
Cornoosite Laminates: 00 Fiber Orientation.'I 154



4000- 4.83 ksi
4.29 ksi

72 0F
3000 3- 3.76 ksi

<• _l2.67 ksi
S3500- 2.29 ksi

S~3000-

350*F

S2000 -1.90 ksi
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. z 6000 18 ksi

5000 L48 ksi

4000 
45// 450OF

3000 0.89 ksi
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1000-

0
0 20 40 60 80 100

TIME (HRS)
SFigure 84. Tensile Cree'p Behavior of Unidirectional A3/4397

Cormposite Laminates: 90* Tiber Orientation.
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Figure 85. Tensile Creep Behavior of Bidirectional AS/4397

Composite Laminates: +450 Fiber Orientation.
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TABLE 46
ThERMOPHYSICAL PROPERTIES OF AS/4397

COM )OSITE LAMINATES

Matei ytam - zS/43:7 Pzepreq by -He:•mles Gralhit//Polyisidei • ~Fibesr - R•ss Matrix - 4397. . ...
Maximum Temperature Ratinq - 4S0OF Laminate Sp. Gr. -1.55
Resin Content - 30.3% by wt. A'verage Ply Thickness -0.0053 inch
Fiber Content - 61.9% by vol. No. of panela from which specimens
Void Content - 49 were tested in this table - 4
Thickness of sach type specimen: Thermt. Exp. -20 ply Spje.Et. -20 ply

Therm. Cond.-28 ply Glass Trans.-14 p11
STHERMOPHYSICAL PROPERTIES: 00

S~-67-r 72-* 3500?..... 450-r

Thermal. Npans ion
In/in-) O 40

14.1 15.7 19.3 26.2
14O. of Specimens
per direction 3 9 5 3

Specific Heat
Cp (btu/.b.--F) 0.14 0.19 0.31 0.33
No. of Specimens 1 1 1 1

Thermal Conductivity
ka (btu-ft/ft 2 -hr-oF 0.33 0.38 0.47 0.51
No. of Specimtens 4 4 6 3

Glass Transition Temp.
Dry ('F) 472'?
Wet (F) 2646F

"THERMOPHYSICAL PROPERTIES: +451

Thermal Expansion
"ux(ilin/in-'F) 0.35 0.53 3.70 4.51
No- of Specimens

per direction 4 5 2 2

Thermal Conductivity
k2 (btu-.ft/ft 2 _-hr-F -- 0.33 0.39 __1

no. of Specimens -- 5 S --

NOTiE On unidirectionally reinforced specimens, the x-direction is along the" fiber axis, the y-direction is across the fiber axis, and the a-
direction is through the thickness. On +45' bidirectionally reinforced
specimens, the x and y directions are identical and oriented at 45' to
either fiber direction, while the %-direction is through the thickness.
1. The 20-ply specimen being used for conductivity measurements

delaminated when heated above 3500F so no accurate data were
"obtained at 4500?.
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TABLE 47

TENSILE PROPERTIES OF AS/4397 COMPOSITE
- ... LAC.NATM . Al CR A-Ih DITY AGING

COMPOSRTE MATERIAz L 3OlT S

Matatal System - AS/4 317 Prepreg by ' Sfcldfls ; aetoya~
Ylbor - AS Matrix - 4397 Laniate Sp. Or. - 1.58
Maximumi Rated Temperature . 450?* Average Ply Thicknias - 0.8o 5"±in.h
Rosin Content.- 27.5% by wat. No. of panels fromn taich% specimens
Fiber Content - 64.7% by vol. wore tested in thi ble. 11
Void Content £&0 Aging Conditions - 1601, 100% 1iLl.

Thickness of each type splmcaUes
49& 001$ plies. +45s-3 plies

TESION: 9&

720 F i 350 30

SExpousue Time (hr. 1.5 21.S 1320 1320
Weighlt Gaia (% of orig. dry WI.) 0.53 0.49 1. 1I. 01
Stad. Dew. (74 0.03 0.03 .04 .03

No. Of Speim.Uens55

Ft 00t) 5. 13 2.92 3.91 1.55

Stnd. Dew. (kWi) 0.41 0.27 0.40 0.37
.Range (ksi) 4.57.5.61 .70-.3.38 3.47-4.45 1.19-1.91
. o. of Specimens 5 5 5

Ft (h 0ati) 3.20 1,52 1.99 0.84
Stnd,, Dew. 0. 75 0.36 0.32 0.30
No. of Specimens 5 s 5 5

Ft (M.t) 1.40 .11 1.54 0.&Z

tnd.S DeZ. 0.04 0.06 0.09 0.0biNo. of Specimens 5 ,S 5

to
C OL in/in) 3700 2700 2700 220030nd. 2.30
Stod. Dew. 300 300 200
No. of Specimens g S 5

"Test Method Stralght-sided teasion
Referen ... Design Guide

T•NSION: +45P

Exposure Time (bra) 984
'S eight Gain (S of orig. dry wt.) 1.31
Stud. Dew. (%) 0.13
No. of Specimens 5

rx (kai) 18.66
Stnd. Dew. aksi) 0.51
Range (kail zl.05--1* 29-
No. of Specimens 5

F, tp ccki) 6.83
Sind. Dcv. 1.48
No. of Specimens

tS(Mai) 
2.61

Stnd. Dew. 0.08
.� No. of Specisnens 5

0t% [P in/in) 16,600
x

Stad. Dcv. 2540
No. of Spedrlcns 5

Test Me-thod St -aight-si,'cd tension
I-ctrnz rc59-n Ctidc-
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TABLE 48

SHEAR PROPERTIES OF AS/4397 COMPOSITE LAMINATES
AFTER HUMIDITY AGING

COMPOSLTE MATERIAL PROPERTIES

Material Systemn - A814397 Prepreg by - ercules Tr . phiteIpolyi1Iidj

riber AS Matrix - 4397 Laminate Sp. Gr. - 1.58

Maximum Rated Temperature - 4501F
Resin Content - 28.1% by wt. Average Ply Thickness - 0.0058 ihch

Fiber Content - 64.5% by vcl. No. of panels from which specimens
Void Content - '0%s Vere tested in this table - 5
Vod CAgian Conditions - 16

00F, 100% R.N.
Thickness of each type specimen:

Inpiane shear-8 plies; Interlaminanf shear-1
4 plies

INPLANE SHEAR

Test Temperature 720E 356f' 7Z°F 3502F

Exposure Time (hrz) 984

V eight Gain (% of orig. dry wt.) 1.31

Stnd. Dev. ()13
No. of Specimens 5

.ru (ks) 9.33

Stnd. Dev. (ksi) 0.26

Range (ks I) 9.03-9.64

No. of Specimens 5

' (Msi) 0.75

Strad. Dev. 0.01
No. of Specimens 5

Tci't Method +45° straight-side, tensidn

Reference J1. Comup. Mtls. EV6, pZSZ & Vý7, p124)

INqTERLAMINAR SHEAR

expou- e Time (hrs) 44 44 840 840

Weight Gain M ofn rig. dry wt.) 0.63 0.59 1.45 1.28

Sind. Dov. (%) 0.04 0.10 0.81 0.37

No. a Specimens 5 5

Fiou (ksi) 16.37 tj.6Z 1Z.13 6.49

Stnd. Dev. (ksi) 1.94 0.70 1.6Z 0.bi

Range (kai) 13.45-18.35 l1.1Z-11Z.• 9.35-13.45 5.75-7.29

No. of Specimens S 1
Test Method Short leasm S ear
Reference Design Guide - Sam., 1971
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4.4 T300/F178

Tables 49-60 present the data generated for this graphite/
polyimide composite system. Figures 88-105 illustrate the stress-

strain, fatigue, and creep behavior of the material, as well as

the effect of humidity aging upon the composite material. One
item which caused some concern during the characterization of

this material relates to the tensile strengths.

The values reported in Table 51 appear low in comparison
with those appearing in the Hexcel literature. After con-
siderable review and rechecking of our results, however, in-

cluding the specimen tabbing procedures (which are of increased
importance with brittle materials), it has been concluded that
the values in Table 51 for 00 tension are in fact realistic.
Data corroborating this is reported by Jones[71 in a SAMPE paper

(where the F178 was still designated HX580) and also by a private
communication with Hexcel in which it was mentioned that the
higher values, reported in their literature, may well have been
obtained with lower temperature postcures (the use of higher

temperature postcures to increase the high temperature capabilities
of the resin result in a sacrifice of room temperature properties.
The F178 resin seems to be a rather brittle matrix system, as
attested to both by Jones[ 71 and by the observation during this
program that audible cracking occurs much much earlier in a 00
tension test than for any of the other materials evaluated in

this program. Because of this brittle nature, some investigators
utilize a sandwich beam specimen rather than a coupon to generate

tensile properties. The values so generated are generally higher

than those obtained with coupons.

The strength and ultimate strain values for the 900 tension
at 720F also seem low in comparison with similar data from other

sources[ 7' 8 ]. No explanation of this discrepancy can be made.

The elevated temperature results reported in Table 51 do not dis-

agree with similar data from these same sources.
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TABLE 49

PROCESSING CONDITIONS FOR T300/F178 COMPOSITE LAMINATES

Composite Processing Information

Mti 'raphite/Polyimide
Material System - T300/F78 T300F78
Fiber - T300 Matrix- F178
Maximum Rated Temperature - 450°F Prepreg by - Hexcel

Laminate Processing Schedule

LayuR Procedure: Prepreg warmed to R. T. in closed wrapper. Prepreg
"removed from package andcplies cut to desired size using razor blade. Plies
stacked in desired sequence (release paper removed from each ply). Stack
placed in autoclave on sheet of nonporous teflon and surrounded by cork dam
"to restrict fiber flow. Sheet of porous teflon placed on top of stack- and one
ply of bleeder cloth (style 181 glass) per four plies of prepreg placed on top
of this. A layer of porous teflon is placed-atop the bleeder cloth and another
layer of 181 glass over this to act as a vent. This entire ýtack is then
cove:7ed by the silicone rubber bladder.

Cure Schedule: A low vacuum (Z-3 psi) is applied and the temperature is
then raised to Z70°F at 3-4 0F/min., where it is held for 30 minutes. At

this time, a full vacuum is drawn and a pressure of 85 psi applied above the
bladder. The temperature is then raised at 3-4 0 F/min. to 350 0 F, where it
is held for Z hours. The panel is cooled under pressure to below Z000F
before removal.

Postcure Schedule: After trimming of flash, the panels were placed, un-
restrained, in an oven and heated to 4001F at a rate of 3-4 0 F/min. After a
4-hour hold at 400 0 F, the temperature is again raised at 3-4F/mlin. to
475 0 F, where it is held for 10 hours. The panel is cooled to R. T. at 3-4°F/
min.
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TABLE 50

PREPREG AND COMPOSITE PHYSICAL PROPERTIES-T300/F178

Composite Physical Property Information

Material System - T300/F178 Graphite/ Polyimide
Fiber - T300 Matrix . P178
Maximum Rated Temperature - 450OF Prepreg by -Hexcel

Prepreg Physical Properties

(Property) (Stnd. Dev.) (Range) (Test, Method) (Ref.)

Volatile Content-N. A. 1 ---
Resin Content- 41.7% 0.60% 41.1-42.2% He•l,undesignated ---
Resin Flow- (Note 2 below)
No. of Rolls Involved- 3
No. of Batches Involved - 1

Laminate Physical PropertiesA

(Stnd. Dev.) (Range) (Test Method) (Ref.)

No. of Panels- 47
Fiber Content-69.5% by vol. 3.7% 52-67 Grid
Resin Content-31.6% by wt. 2.7% 25.4-37.4 Point
Void Content- 0.2% 0.03 0-1.0 Count
Laminate Sp. Gr. - 1. 58 D792 ASTMSFiber Sp. Gr. - 1. 70 As reported by manufacturer.Matrix Sp. Gr. - 1.24 As reported by manufacturer.

Thickness per ply-0.0053 inch

N~otes: 1. This prepreg contains no volatiles.
2. Flow was not measured.
3. The properties reported here represent averages for

all panels of this material used throughout the
program.
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TABLE 51
TENSILE PROPERTIES OF T300/F178

COM4POSITE TAMINATES

COM3FhZTS MATXfL3AS PftOPUftES

* ~~~~~~~Makeila System - 100/t17U 8it.Pr9 by -Kze aabt/oymd
Mo -I30 .Usr~t.77 Lauldas" Sp. r-15

Maeeinv R" Tsa- ~ vr 5 Avezegel FWThidakmsas.0. 0052 inch

Ret Content-

Thtckftasx at *askl t~pp spect~ziaa
00.6 ply; 10- S pty

_________ 4176 7er 350o7 450 Or

(hi") 199 156.7 152.2 162. 9

stud. dsvw.k 31.4 21,.0 19.9 20.4

so,. of specimensS 9 5

(ls) 20.22 20. z5 19.96 19.3Z

sted. dwv. 0.97 ~ 3.82 0.61 1
No. of Spevchnens 5 s

ea (owi*n) 6400 7500 7500 7800

stad. dev. 1500 U200 Soo 1000
me.. of Sp~tbuiz* 5 9 S4

0.31 0.33 0.2Z8 0.35
stac. 4ev. 0.03 0.03 0.02 0.01
Me. of Specumns 5 9 4 5

Test Method Straigqht-aid.4 tension
*Utatefte Design Guide

TENSION: 900

r 7l 3.28 3.82 2.97 2.14

stud. dev. Meat) 0.93 0.40 0.83 0.64
Ron*e (hat) Z.03-4.13 3.22-4.35 2.03-4.16 1.1.0-2.10
No. of spolnirnoa 5 7 5

rtt (keil 2.85 3,33 2.95 1.35

rtud. des. 0.47 0.71 0.53 0.50
Nu.. of Speiaonaz 5 '

t (MAsi) 1.61 I.50 1.1S 0.97

satM. dev. 0.10 0.00 0.10 0.15
No. of Speeismaoa 5 7 5 5

r (p~iniin) 2100 2600 3000 2600
stud. dew. S00 300 900 1000
No. of dpecimsns 7 41

0,0251 0.0241 0.01.61. 00
YE

Test Method Streight-a ided tension

Reference D esign Guide
L. Computed using elastic moduli and longitudinal Poison's ratio.
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Ii

- /-
4 -670F..

n3 3500 F'

U)

a 450"F

0 .001 .002 .003 .004 .005 .006 .007

STRAIN (in/in)

Figure 89. Tensile Stress-Strain Curves for Unidirectional
T300/F178 Composite Laminates: 900 Fiber
Orientation.
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TABLE 52

TENSILE PROPERTIES OF T300/F178
COMPOSITE LAMINATES

S~COMPOSITE MATERIAL PROPERTIES

Material System - T300/F178 Prepreg by - Hexcel Graohite/Pal.imi
Fiber - T300 Matrix - P178 Laminate Sp. Gr. - N.A.
Maximum Rated Temperature - 450*F Average Ply Thickness - 0.0058 inch
Resin Content - N•o., of panels from which speci-
Fiber Content - mens were tested in this table-5
Void Content - Thickness of specimens - 15 ply

TENSION: + 450

-67rv 7Z°F 350 OF 450 OF

Cksi) 15.82 17.17 14.61 12.18
stnd. dev. (ksi) 1.02 1.19 0.55 0.36
Range (Ici) 14.30-17.14 15.44-18.24 14.21-15.5 11.81-12.73
"No. of Specimens 5 5 5 5

FtPl (ksi) 9.02 7.28 4.71 3.03

sbtd. dev. (ksi) 2.31 0.76 0.23 0.36
No. of Specimen3 5 5 5 5

Eý (Msi) 2.59 2.66 1.94 1.49

stnd. dev. 0.20 0.13 0.06 0.07
1!o. oi Sre6iran-_: 5 5 5 5

(pitu (iin/in) 9,000 9,400 15,700+1 18,000+1

stnd. dev. 1,100 1,500 ......
No. if Specimens 5 5 5 5

S0.66 0.76 0.87 0.79
SXY

stud. d•v. 0.07 0.03 0.04 0.08
No. of Specimens 5 5 5 5

Test M•.Lhod Straight-sided tension
Rcfuicnce Design Guide

1. Specimens elongated so much that surface plies cracked,
creating electrical discontinuities in strain gages.
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TABLE 53

COMPRESSIVE PROPERTIES OF F178
COMPOSITE LAMINATES

-Meriba .1300 -17 Fr"7* by-Rxa

Maxtuen Raed Tamp*rabns. 4500F I Sp Or. - 5.A.
Rawtn.Coakentn Awave PIT Thickness -0.0054 In.
FIrar Onttant - Ucbs sa
Vtid Co�atea -* wre tested 1 tois tabte - .

Thickness of specimes;
20 ply

_....._ _-6703F 20 Z 35oOF 45_F_ .....

r" (k*Ql 200.0 180.0 120.0 137.4
AwL dew. Wei) 9.6 12.0 15.3 27.9

e (haL) 92.4-235.2 167-1-M956 06.1-337.7 332,7-180.5
- S 5 5 5

ko) 94.91 69.51 54.7 105.1

do.21.3 21.2 13.6 33.3
Sof Specimens 5 5 5 5

fMal) 18.1 18.2 20.5 17.9
ob" dev. 1.3 0.7 1.1 0.8
No. of Speci.nns 5 5 5

(P Win) 6oSOo2 i0,.oo2 6,900 8,.100

dew. 3,200 4,200 1.200 2,000
Me. o Specimens S 5 5 5

rest Meod Cela0 ee Coapresslon coupon 6 Test Fixture
R~eference AAP*L-TR-72-205, Pt. I

,1hal)

Ita . (kat) Nio compression tests wore conducted"go o T300f/178 comqosite laminates
o awith the e0e fiber oreetation.

(hat)

dew.

__•~ ~ ~ ~ ~ ~~ ~~~Is h. Ol-at tri vocsipnmntasiu osrvdstr

0 ce (14 Wi)

Sdew.

4.e of Specimens

gotes: I - Propoartional limits roported bere rapreaent first
d a iron ! 1±f lnearity. !.- xnjcri.ty af cases, t.%-Iz

devi~ation vas Us~, apparently, to buckling.

2. Ultimate strain values represent maxlimum observed strain
rather than ultimate values. Buckling was observed in
majority of tests.
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200

S~180

-676F

160.

72*F

140 4

120 350OF

U)
Q) 100O

U)

60-

40-

.20-

0 .002 .004 .006 .008 .010 .012
STRAIN (in/in)

Figure 91. Compressive Stress-Strain Curves for Unidirectional
T300/F178 Composite Laminates: 00 Fiber Orientation.
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TABLE 54
FLEXURAL PROPERTIES OF F178 COMPOSITE LAMINATES

COM POSIT2 EMATY-R1A L PRIOPERTIE~S

Matcrial System - F178 ]Prepreg by - Hexcel Ia htc.•olyimide
Fiber - T300 Matrix F178
Maximum Rated Temperature - Laminate Sp. Or. - 1.56
Resin Content Avarage Ply Thickness - 0. 005Z in.
Fiber Content - No. of.pancls from which specimens
Void Content - were tested in this table - 2

Thickness of e~ach type specimen.-
Oo-14 plics; 90°-14 plies

__ _.__ FLEXURE: 00
_ __- 67__F 72-F 35 0°F 4 50 OF
fa (s 0.9 0.•si) 20O. 9 204.0 179.1 147.4

stnd. dev. (ksi) 9.9 9.5 11.8 7.9
Range rks!) 188.0-214.7 189.3-215.1 163.3-195.8 137.4-159.4
No. of Specimens 5 5 5 5

* (Msi) 17.06 16. i9 18.43 18.26
sInd. dCv. 0.87 1.21 0.92 1.04
11No. of Specimens 5 5 5 5

Test Method 4 pt. flexure
Reference Design Guide

__Jan.. 1971
__________FLF.XUR):::90° £

y (ksi) 9.36 8.12 4.91 4.14
stsid. dcv. (ksi) 1.40 1.55 0.87 0.33
Range (ksi) 7.91-11.42 6.55-10.15 3.77-5.87 3.86-4.70
No. of •pecicncns 5 5 5 5

t (Msi) 1.50 1.26 1.05 0.93

1ind. ,IcY. 0.08 0.10 0.09 0.15
No. oi Spccimneas 5 5 S 5

"est Method 4 pt. flexure
R-eference -est;-n Gui!c_____ Jan., 1971
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TABLE 55
SHEAR PROPERTIES OF T300/F178

COMPOSITE LAMINATES

COMPOSITE MATERIAL PROPERTIES

Mater;.al System - T300/F178 IGraph teA'o3lyiuid
Fiber - T300 Matrix - P178 Prepreg by - Hexcel
Maximum Rated Temperature -450 0 F Laminate Sp. Gr. -N.A.
Resin Content -Nominal Ply Thickness - 0.0057 in.
Fiber Content - No. of panels from which specimens
Void Content - were tested in this table -6
Thickness of each type specimen: Inplane shear - 15 ply

Interlaminar shear - 14 plyIN-E-SEAR...

-67_ F 772F 350*F 4500 F

U

(ksi) 7.91. 1.597.069

strid. dev. (kvi) 0.51 0.600.7.1
No. of Specimens 5 5 5

(Mai) 0.76 0.72 .204

stnd. dev. (Mai) 0.08 0.05 .200
No. of Specimens5555

Test Method +45* straight-sided tension~
Reference J. Comnp. Mtls. P11.6, p.252, and V.7, p.1241

INTER LAMINAR SHEAR

plsu (ksi) 15.9 14.8 j 10.2 8.0

Stnd. Dcv. (ksi) 1.3 0.9 0.3 0.4
Range (ksi) 14.8-17.7 14.1-16.1 19.9-10.6 7.4-8.3
No. of Specirriens 5 5 1 5 5

Test Method Short Ream Shear, S/D=4
Reference Design Guide -Jan., 1971
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125.4 ksi

-:6000 72°F

i. ~~~5000 , ....

70

121.8ksi
6000- 3500F

106.6ksi

S""500c . . .. I . .. !, .

A •C

7000

6000-

107. 0 kSi
5000-----450rF

5 _0_ 9 1. 8 ksi

S~~~~400: ... i - ,

100 200 300 400 50

TIME (hrs)

Figure 102. Tensile Creep Behavior of Unidirectional T300/F178
Composite Laminates: 00 Fiber Orientation.
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3.06 ksi•'• • • ~2.67 kst .7•

25002

. • ~ ~~~1500... ..... I_ , • l

1.07 ksi

20 350F

I0 C.....

__•: too()-

ii)

400

1.0? ksi

450OF

-f2000

SI•0.86 ksi

0 100 200 300 400 500
TIME (hrs)

Figure 103. Tensile Creep Behavior of Unidirectional T300/F178
Composite Laminates: 90* Piber Orientation.
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12.02 ksi
S71 .30 ksi

8 358.ksi

• 5~~~1,000 ..-- ."7F

i,, T.. . .. 7.30 ksi

Siz 5,o:,•• .84 ksj
------- 4.38ksi 350-F

I--

15,000-

4.87 ksi

450*F

5,000 -"3.65 ksi

-0 100 2•00 3500 400 500

TIME (hrs)

Figure 104. Tensile Creep Behavior of Bidirectional T300/F178
Composite Laminates: +450 Fiber Orientation.
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TABLE 59

THERMOPHYSICAL PROPERTIES OF F178
COMPOSITE LAMINATES

COMPOSITE H4ATERIAL PROPERTZES

Material SysteaM - 178 Prepreg by - Nexcel Graphite/Aplytmide
Fiber - T30G Matrix - f178
Maximum Temperature Rating - 450*? Laminate Sq. Gr. 1.57
Resin Content - Average Ply Thickness - 0.0052 inch
Fiber Content - No. of panel:s from which specimens
Void Content - were tested in this table - 4
Thickness of each type specimen: Therm. Exp.- 20 ply Spec.3at.- 14 ply

Therm. Cond.- 20 Ply Glass Trans.- 14 ply

THERMOPHYSZCAL PROPSRT.IES: 0"

-671F 720F' 350F.404

Thermal Expansion.
"•XIn/in-OF) A0 &0 a0 kQ
ct (iin/in-'F) 17.2 17.3 23.9 23.9
,No. of Specimens

" per direction 3 4 7 3

Specific Heat
S% (bt:u/lb.-*) 0.14 0.19 0.30 0.31
No. of Specimens l 1 1 1

Thermal Conductivity
3k, (btu-ft/ft2 -hr-'F --- 0.21 0.36 0.43
No. of Specimens --- 3 a 7

Glass Transition Temp.
Dry (OF) None observed up to 4506F
wet (OF) 246*F

THERMOPHYSICAL PROPERTIES: +45'

Thermal Expansion
a~ti/i-)2.1 1.1 1.8 1.6

NO. of specimens
per direction 4 5 6 3

Thermal Conductivity• :k z {b t u - f t/ f t 2 - h r - * F ---... .. . .. ..-

oM. of Specimens ...

otiOn unidirectionally reinforcedl specimens, the x-direction is along the
fiber axis, the y-direction is across the fiber axis, &nd the s-direc-
tion is through the thickness (identical to y-direction). On +45'
bidirectionally reinforced specimens, the x and y directions ale
identical and oriented at 451 to either fiber direction, while the
s-direction is through the thickness.
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TABLE 60

TENSILE AND SHEAR PROPERTIES OF T300/F178 COMPOSITE
LAMINATES AFTER HUMIDITY AGING

• llSsmCOMPOSRTE MATZRIAL PROPETIES

Ma •0.,T300( untrix . r172 Laniae Sp. Or. - 1.57

-Maxi n R~ated Tarnperawre - 4S0*F Averagely Thickness . 0. 0054 inh
Resin Content - 34.5s by wt. No. o pastels from whpeac specinans
Fiber Content - 56.3% Vol. were tested in this tAble . 3
Vold Contnt - &0% Aging conditions - j.60o an 1i00on R.a

TiTh•c•ness of each type spc.imen:
90-IS pliyt Wae. Shear - 14 ply

TENSION: z0°

7zo
0  

350 0y 72o7 3sO'F

Exposure Time (hrs) 24.5 24.5 642 642
* Weight Gain ( of orig. dry wt.) 0.85 0.80 1.63 1.63

Stod. Dev. (%) 0.03 0.02 0.07 0.02
No. of Specimens 4 4 5 4

Net() 2.42 2.51 2.16 0.50
Std. Dsv,. (kst) 2.40 0.81 1.55 0.20
Rlange (ksi) 0.99-6.00 1.57-3.73 0.4-3.8 0.33-0.71
INo. of Spentmeen 4 4 5 3

S7tpl (kst) 1.85 1.90 2.16 0150
Sd.DV. 1.26 0.63 1.55 0.20
Stdto (M S et)m 1.3 08 1.3 0.

Sind. Dey. 0.07 0.08 0.09 0.14
No. of Speci•.ens 4 , 4 5 3

yi (Ps Wind) 1900 2900 1700 770

Stud. Dev. 1800 1000 1200 300
tNo. o Specimens 4 4 5 3

Test Method Straight-Lided tension
Reference IDesigmn G0de

UPCZTLA)MAR SKHEAR

Exposure Tigne (Isra) Z1.5 21- S 409 408
Weight GaiA (S of orig. dry wt.) 0.77 0.77 1.39 1.41

Stad. Dov. (yo) 0.09 0.13 0.10 0.06
No. Of Speci-nene 5 5 3 3

(ki) 13.05 8.00 11.33 7.33
Stad. Day. (kei) 0.61 0.44 0.29 0.41
lange (ksi) 12.24-13.935 743-1.40 11.10-11.66 6.94-7.76
No. of SpecLMenS 5 5 " 3 3

Test Meho Short 'Sowm 8`hear
Reference Dstrga G ;ma. Zaa, 1971
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A

3-

B E

( C
CD

TEST WEIGHT GAIN DURING
CURVE TEMP HUMIDITY AGING

(*F) M% BY Wt)-REE SECT.14

A 72 0-DRY CONTROL
8 72 0.85
C 72 1.63- SATURATED

F
D 350 O-DRY CONTROL
E 350 0.80

I F 1350 1.6$- SATURATED

0 .001 .002 .003
STRAIN (in/in)

Figure105. Tensile Stress-Strain Curves for Unidirectional
T300/F178 Composite Laminates After Humidity Aging
at 160°F and 100% R.H.: 90* Fiber Orientation.
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4.5 COMPARATIVE ENVIRONMENTAL BEHAVIOR

One of the points of particular interest relative to the

data generated in this program is the comparative susceptibility
of the different composite materials to degradation during, or as

the result of, elevated temperature, high humidity aging. Figures
106 and 107 illustrate the effect of both test temperature and
moisture absorption upon the strength retention of these composite

materials. The notations "saturated" and "50% saturated", recall,
refer to the specimen condition just prior to testing. As dis-

cussed in Section 3.4, the specimens tested at elevated tem-
perature undoubtedly dry out to some extent during the testing
process. A few seeming anomalies are apparent in these figures:
(1) the 72*F values for partially saturated SP313 and AS/3004

900 tension specimens are higher than the values for dry speci-

mens; (2) the 900 tension strengths of the partially saturated

T300/F178 specimens seems uninfluenced by test temperature; and
(3) the partially saturated interlaminar shear specimens of

AS/4397 were stronger than the dry specimens. No definitive

reason for these apparent anomalies can be stated.

Comparisons of the general trends indicated by the data
indicate that (1) the polysulfone matrix is slightly less de-
graded than the epoxy matrix during humidity aging; (2) the two

polyimide matrices resist degradation better than either the

epoxy or polysulfone matrices do insofar as interlaminar shear
strength retention is concerned; (3) up to 2500F, the polysulfone

matrix seems to retain more 900 tensile strength than either of
the two polyimide matrices although 250*F data for the two poly-

imides were not obtained.

Other investigators have obtained humidity aged data for

the T300/F178 system which shows little, if any, strength loss

in 900 tensile coupons as the result of humidity agiag[8]. Since
the data here indicate a marked (although not unusual) loss of
strength with moisture absorption, this area no doubt deserves
more thorough evaluation.
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SSECTION 5.-

CONCLUSIONS

Each of the conclusions listed in this section was arrived
at through inspection of the data in Section 4 and represent
generalizations of overall composite behavior. Exceptions to
each of these generalized conclusions can be found if the data
are scrutinized in sufficient detail. In most cases, these
exceptions are at least mentioned and discussed.

1. The static strengths (tensile, compressive, flexural,
inplane, and interlaminar shear) of each material
evaluated in this program decreased with increasing
test temperature. In those cases where this was
not true, the exception usually proved to be a lower
strength at -670F than at 72 0 F. This most probably
is due to increased sensitivity to brittle failure
at the lower temperature.

2. In those cases where the elastic modulus is primarily
fiber dependent, the test temperature had relatively
little effect on the modulus (00 tension, 00 compres-
sion, 00 flexure). In those cases where the composite
modulus is primarily matrix dependent, however, the
modulus for each material decreased with increasing
temperature just as the strengths did.

3. The ultimate elongations of the fiber dependent spe-
cimens behaved in roughly the same fashion as the
strength, decreasing with increasing temperature.
The ultimate elongations of the matrix dependent
specimens (900 and +450 tension and 900 compression)
increased with increasing temperature for any specific
stress. Since the ultimate stress for these specimens,
however, was simultaneously decreasing, the actual
ultimate elongations for these type specimens exhibited
some increases and some decreases with increasing
test temperature.
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4. The thermal conductivity and specific heat increased

with increasing temperature for all four systems.

5. The coefficient of thermal expansion seemed relatively
independent of temperature for the SP313 and AS/3004

material. With the AS/4397 and 90* orientation

with TJOO/F178, the coefficient increased with in-

creasing temperature while that for the +456 orien-

tation with T300/PI78 decreased.

"6. Fatigue life for each material decreased with in-
creasing temperature at equivalent stress levels.

7. The relatively large plastic strains undergone by the

A•/3004 +450 orientation leads to substantial internal

energy dissipation and self-heating in fatigue tests

at 30 Hz. This phenomena also ocurred for the other
three materials but only at significantly higher

stresses. The onset of this phenomenza seems to

occur at cyclic strain levels of above about 20% of

the static ultimate strain.

8. Creep increased with increasinq temperature for each
material while the stress rupture lifetime decreased.

9. Humidity aging decreases the strength of each material

evaluated. The polysulfone system seems less affected

than the epoxy system by moisture absorbtion but the

interlaminar shear data indicate that, on an absolute

basis, the two polyimide systems withstand moisture

degradation better than either the epoxy or polysulfone

system. The 90 0 tensile data, however, are not as

clear-cut; with the pelysulfone system looking best

up to 250*F but unusable at the 350°F temperature at

which the two polyimides were tested.
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APPENDIX- -A
PEEPREZG QUALITY CONTROL TEST SPECIFICATIONS

AND TEST RESULTS

This appendix contains copies of the test specifications
adhered to in determining prepreg properties. It also contains

the test results obtained from running these various tests upon

the prepreg materials. Summaries of these data are presented
in Section 4.
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3M TEST METHOD SP313

P R E P ER G T E ST MMETHOD

V O L A T I L E C ON TE NT

1. Cut 3 specimens of 3" X 3" in site.

2. Weigh to the nearest 0.001 gram. Record the weight as W1 .

3. Preheat an air circulation oven to 250 0 F. and immediately after
weighing suspend the specimens in the oven on a removable rack.

4. Expose the specimens to 250 0 F. for 15 minutes. Retuove the rack.

5. Place the specimens in a desiccator.

6. When the specimens have cooled to room temperature, remove them
from the desiccator and weigh to the nearest 0.001 gram. Record chis
weight as W2.

7. Calculation.

"% Volatile Content - 1 -2 1

W 1

8. Report Z volatile content by weight as the average of three
specimens.
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3M TEST ME1HOD SP313

P R._ PREC TE.ST M ETHOD

U N C U R E D R E S I N C O N T EN T

I. Cut 3 specimens 3" X 3".

2. Weigh the samples to the nearest .001 gram. Record this weight as
WI"

3. Wash each sample in a separate beaker of Dimethyl Formamide (DMF)
"at 180 0 F. under a hood for 5 minutes. Repeat for three complete
washings. Rinse in MEK at 750F. for one minute. Repeat for a total
of 2 rinses. Separate fibers in solvent.

4. Fold and place washed fibers in preweighed aluminum dish and dry in
circulating oven for 15 miiutes at 300 F.

5. Cool in a desiccator at 75 F. for 15 minutes.

6. Reweigh the sample to the nearest .001 gram. Record as W2 .

L. C41culate.

Resin Content - I Weight W - W2 x 100

8. Report Z resin content by weight as the average of 3 specimens.
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3M TEST METHOD- 0P313

PRE 0REG TEST

-:,The following flow test is designed to correlate with current autoclave and
blanket press molding techniques for flowing resin over the surface area of a
"composite layup,

"1. Prepare 3 flow specimens from the prepreg sample. Each specimen shall
consist of 2 ply of prepreg oriented at 00 - 900. Specimen size is
3" X 3".

2. Weigh prepreg specimen and record as WI.

3. For each specimen cut (2) two 4" X 4" squares of TX-1040 porous bleeder
release fabric. Also for each specimen cut four (4) 4" X 4" squares of
style Wi0 bleeder fabric and two (2) 8" X 8" squares of 1 - 2 all
mylar.

4. Center the prepreg sample between the squares of TX-1040 fabric. Place
2 ply of Style 180 bleeder fabric on each side of the TX-1040 followed
with the mylar film.

5. Place the layup sandwich between two (2)
caul plates.

6. Insert the total layup into a platen press preheated to 3500 F. and apply
90 psi immediately. Cure for 15 minutes.

7. Remove the layup from the press. Remove any resin flash from the composite
specimen and weigh. Record as W2 .

8. Calculate.

W - W
Z Flow - 2 x 10

Wl

9. Report average of 3 specimens.

NOTE E

- Three or more specimens can be cured in one cycle.

- Temperature and cure cycle can be varied to correlate with
Ssp , , - r%..203
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V
-TRW TEST METHOD

AS/HME-Volatile Content

APPENDIX I

TEST PROCEDURES FOR CHARACTERIZATION
OF GRAPHITE TAPE AND COMPOSITES

. 1.1 GRAPHITE TAPE CHARACTERIZATION

S.1.1.1 Volatile Matter

Volatile content of graphite prepreg was determined by

thermally treating a tarred sample for 30 minutes at 3506F.
After cooling to R.T., the specimen was reweighed and the

volatile content was calculated by the following formula:

W1 - W2
Volatile Content X l100

Where:

W= Weight Sample

W2 = Weight Sample After Heat Aging
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S..... ~~HERCUTh --SP t•CTZ.. -- •C.TO~S-_3O0 4- ... _•

VOLhTIILE CONTENT

IIS-SG-500/232-

2-7-73

Table 11. Mechanical Properties (at 770 + 50 F)

Minimum average
Property Unit Value

f Longitudinal, flexural Psi 200,000

.~s trength

Longitudinal flexural Psi 15,000.000
modulus

Short beam shear Psi 10,500

TEST METHODS:

Test specimens. Test specimens for mechanical and thickness tests shall be
prepared in accordance with HD-SG-2-6007.

-Volatiles content test. The volatiles content of the tape shall be deter-
mined as follows:

a. Weigh a nominal 10 gram specimen of prepreg to the nearest milligram*
No vessel required.

b. Place weighed specimen on aluminuw foil or other suitable base and bake

2 hours in a 300-320OF circulating air oven.

t. Reweigh baked specimen after cooling to ambient temperature.

d. Calculate volatiles content as follows:

Volatiles Content, weight percent -

SWt of Baked Prepre)
1o - o init Wt of Prepreg

Resin content test. Resin content shall be determined in accordance with
procedure V of iD-$G-2-6006.
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.i HERCULES SPECIFICATION*S3W-n ASA"

PREPREG RESIN CONTENT

HD-80-2-6006C

5.2.6 Procedure P (methylene chloride extraction methods. Determine resin
--Content of prepreg tape by methylene chloride extraction as follows:

a. Prepreg samples shall be as specified in table I. Take duplicate

test specimens, one from each end of .the sample.

b. Weigh the first specimen to the nearest 0.001 8.

C. Place specimen in a 250 ml Erlenmeyer flask and add 100 to 125 ml
methylene chloride.

d. Place rubber stopper on flask and shake gently for about 1 minute.

e, Decant off methylere chloride, being careful not to lose ady fiber.

f. Repeat steps c, d, and e two more times.

g. Remove specimen from flask and remove excess methylene chloride by
patting with a clean towel.

h. Place specimen in an oven for a minimum of 5 minutes at
177 + 50 C.

i. Remove specimen from oven, cool to room temperature, and weigh to
the nearest 0.001 g.

J. Calculate resin content as follows:
i- Wl - w2

Resin content, weight percent 1 2 x 100

w.,here: W1 - original weight of sample, g

W2 - final weight of sample, g

ck. Repeat steps b through j for the second specimen.

1. Report the resin content as the average of the two determinations
to the nearest whole percent.

5.3 Resin flow. The resin flow properties of the prepreg shall be determined
in accordance with procedure A or procedure B as specified in the applicable pre-
preg specification sheet.
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HERCULES SPECIPICATION
AS/4397 VOLATILE CONTENT

5, TEST PROCEDURES

5.1 Volatileo content. The volatiles content of the prepreg shall be deter-
.inef in accordance with the following:.

5.1.1 Test specimens. Test specimens shall be as follows:

"a. Two 2-inch square specimens (1.0 + 0.2 grams) of prepreg are to be
analyzed.

b. Release paper must be removed-prior to analyzing. Any resin adher-
ing to the release paper will be lost to the test.

5.1.2 Test procedure. The test procedure shall be as follows:

a. Condition new Cooch filtering crucibles in beaker containing con,-
centrated HN03 for a minimum of 1 hour at 100 + 50 C. Wash with
water, dry in oven at 93 + 30 C and desiccate.-

b. Weigh conditioned filtering crucible to the nearest 0;. milligram
(Mg).

c. Carefully remove release paper from prepreg specimen and plice
specimen in tared crucible.

d. Weigh crucible containing specimen to the nearest 0.1 mg.

e. Codi ~o/cru ibl•"and ,specien in an oven maintained aV 93.5°
d3dC or fmunl- 90 jinute!/and"ma.iinm #fl.0 miAutes.

"unl's• othervisl spedifie( in thd appicab e pro4re•,spegification.

"i: \ '•- • -.,.--•NOTE

Prepregs with polyipide resin systems should be conditioned
at 288 + 30 C for 60 + 1 minutes.

f. Remove crucible from oven, cool to room temperature in a desiccator,
and reweigh.

g. Calculate volatiles content of prepreg as follows:

W2 - W3
Weight % Volatiles - W x 100•. w2 -1w

where: W1  n weight of empty conditioned filtering crucible,
grams (g)

W2 a original weight of crucible and specimen before
heating,, g

V3 - final weight of crucible and epecimen after heating, a
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HERMtYLE8 SPEP:ATIONJ-
AS/4397 FLOW

ED-SC-2-6006C

5.3 Resnflow The resin flow properties of the prepreg shall be determined
in accordance with procedure A or procedure B as specified in the applicable pre-
preg specification sheet.

5.3.1 Procedure A. Determine resin flow as follows:

4. The test specimen shall consist of two uniformly cut pieces of
preg. Each piece shall be 2 inch by 2 inch.

b. Cut four approximately 3-inch squares of glass bleeder cloth for
each test.

c. Cut two approximately 3-inch squares of porous tetrafluoreethylene
(TFE) release cloth.

d. Cut one approximately 6-inch by 12-Inch piece of aluminum foil.

e. If the prepreg has release paper on both sides, remove the release
paper froom one side of each of two 2 z 2 inch specimens.

f. Sandwich the exposed sides of the graphite together so that the
fibers are oriented 90 de3rees to each other. Then remove the
release paper from one side of the specimen sandwich.

g. Weigh the sandwiched specimen to the nearest milligram on a preci-
sion balance. The side of the sandwiched specimen with the release
paper attached is to be placed on the balance pan. Record the weight
as W1.

b. Fold the 6 x 12 inch sheet of aluminum in half to form a 6 x 6 inch
square. Then unfold and lay on a flat surface.

1. Stack two pieces of the fiberglass bleeder cloth on one another
and lay them on top of the Aluminum foil aligning one edge with
the center crease of the foil.

J. Center one piece of release cloth on top of the bleeder cloths.

k. Center the exposed side of the prcpreg specimen on top of the
release cloth.

1. Remove the final piece of release paper from the specimen and weigh
the release paper to the nearest milligram. Record the weight as
W2 *

vi. Center one piece of TFE release cloth on top of the freshly exposed
graphite surface of the specimen; then place two pieces of bleeder
cloth on top of the release cloth.

a. Fold the aluminum foil over to form a 6 x 6 inch square completing
the sanpich lay-up.
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HERCULES SPECIFICATION
AS/4397 FLOW (concluded)

D-SO-2-6006C

O. Pre-set tb. zemperatur, of the platen press to the temperature speci-
fied in tha applicable prepreg specification sheet and check.

p. Place the sandwiched specimen on the top platen of the press and
iimmediately (within 15 seconds) apply the pressure specified in the

applicable prepreg specification sheet to the specimen. Start a
timer when the required pressure is obtained.

q. Remove the specimen from the press after the time specified in the
applicable prepreg specification sheet has elapsed. Allow specimen
to cool to room tezrperature.

r. Remove the graphite specimen from the lay-up. Insure that no fibers
are removed with the release cloth.

s. Remove any resin which has extruded from the body of the graphite
specimen and is clinging to the edges.

t. Re-weigh the graphite specimen to the nearest milligram. Record
weight as W3 .

U. Calculate the percent resin flow as follows:

¢•1 " w2)_W3
Resin flow, percent = Wl .2 x 1O0

where: W 1 = iitial weight of specimen plus one piece of release
paper, g.

W2 = weight of release paper from W g.

W 3 M final weight of specimen, g.

v. Report individual results of two determinations and also mean value.

Note: In step o, the temperature used for AS/4397
prepreg was 400*F.
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HZXCSL TEST METZOD
T300/F178

• I PREPREG RESIN CONTENT

Dissolve two specimens 4' x 40 in NM? (n-methyl pyrrolidone).

Heat up to 1250P for approximately 15 minutes. Filter off resin.

S"Wash off with acetone.

21

S. I
iI
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PREPREG PHYSICAL PROPERTIES

Material: SP313 Vendor: 3M....... Vlartile " esnResin
,~ubo Nbe( Resin

Lot/Batch Spool/Roll Content Content Flow
Number JNumber M% by wt) (% y wt) (%by wt)

661 51PS07606J#1&2 0.25 39.0

"662 6LPS07606J-l-I 0.25 39.2

662 SLPS07606JB3-I-. 0.27 39.4

662 SLPS07606J-1-3 0.26 39.4 163

662 SLP507606J-1-4 0.14 38.4

Graphite/epoxy prepreg T300 fiber
PR313 epoxy resin
0.005 inch nominal thickness

*! 3-inch wide tape

.Test Procedures Followed

Property Applicable Test spec. Sec.

Volatile Content No Numerical Desigation 3M

Resin Content NO Numerical Designation 3M

Resin Flow No Numerical Designaticu 3M

Prepreg test procedures supplied by 3M.
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RP-1051 3 cc: with shipment
1 cc: G.A. Toren-230-1
1 cc: J.W. Davis-230-1

cc:

AFFIDAVIT

STATE OF MINNESOTA

COUNTY OF RAMSEY

The authorized representative of the Minnesota Mining and Manufacturing Company, St. Paul,
Minnesota, whose signature is given below, being first duly sworn, does depose and say that
the "SCOTCHPLY" Brand Reinforced Plastics Material described below, complies with mutually
agreed Specifications and Purchase Order Requirement. The Quality Control System complies
with all essential principles of Specifications MIL-145208A and MIL-Q-9858. Test reports and
traceability records will be kept on file, available for review by the buyer. Copies of 3M Lot
Acceptance Data Reports and the Shipment Check List, as may be required, are attached to this
Affidavit.

Customer Name and Plant Location: UNIVERSIT OF DAY " DAylw, OHIO

Customer Purchase Order Number: RI-72095

3M Company Shipment Invoice Number: RP31112

Applicable Customer Specification: 3M TEST MEIf

3M Company Product Identification: SP-313 (5.0) T300, G TAUTE•-POXY PREPRF)

3M Company Product Mfg. Code: SIP S07606, 1M 661 J. # 1 -2 (119 net ft.)

Shipment Summary:

5.8 POUNDS OF 12"1 WIDlTHf

PHYSICAL PRCPETIES: Volatile = 0.1 %
Resin Content = 39.5 %
Fiber Content = 60.4 %
Flow = 19.8 %

Further this Affiant sayeth not. • 1K"4• L _
Title: Inspector, Quality Control

Subscribed and sworn to before me this 23 _ _ day of -LM 1975 A.D.
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J/•i PREPREG PHYSICAL PROPERTIES

Material: AS/3004 Vendor: Hercules

'Lot/Batch Spool/Roll Content Content Flo0w
Number Number (% by wt) (% by wt) 0___y wt)

__-_376 10A 5.34 40.75

376 9_ 4 .75 38.01

_"_376 6 4.75 36.26

376 3 4.31 35.48

Graphite/polysulfone AS graphite fiber
P1700 polysulfone thermoplastic
0.005 inch nominal tape thickness
12-inch wide tape

Test Procedures Followed

Property AplcbeTs pc Source of Test Spec.

Volatile Content HD-SG-500/232 Hercules

Resin Content HD-SG-2-6006C(5.2.6F) Hercules

Resin Flow Not Applicable

213



PREPREG PHYSICAL PROPERTIES

Material: •S/4397 Vendor: Hercules

Lot/Batch Spool/Roll Content Content Flow

Number Number (% bY' wt) (% by wt) (% by wt)
36282 0.23 42.5 2-
382 3 . 0.19 42.5 25.2

_ Test Procedure. Followed

Property Aplcble Tes Sec Source of Test Specl

Volatile Content ) HD-SG--2-600C (5.1) Hercules

Resin Content HD-SG-2-6006C(5.2.6F) Hercules

-.I fl-

SResin Flowtn HD-SG-2-6006C (5.2.6F) Hercules

i Rein low D-S-2-606C(5.3 IA Her21e



May 4, 1976

HERCUI-ES INCOP"RATED
QUALITY ASSURANCE LOT DATA REPORT

Customer: Universtiy of Dayton

Purchase Order No: Rl-76095

.Material: Graphite Fiber/Epoxy MaLe• .al Type AS14397
Quantity: 390 • 12" nominal

Lot No: 382

SpvIo No: 2,3

1. Fiber Properties 53-5

"Tensile Strength 1&63 psi x 103
Tensile Modulus 35.5 psi x 106
Wt./Unit Length 44.57 ib/in 10. 6

Density 0.0646 lb/Win
Test Value

I1. Laminate Mechanical Properties Panel No. Average/Minimum

0P Tensile Strength, RT, ksi 3176 255/252
00 Tensile Modulus, RT, msi 3176 22.1/21 9
00 Flex Strength, RT ksi 3175 252/246

Flex Strength 400 F., ksl 3175 198/168
00 Flex Strength, 4500 F, ksi 3175 1741162
00 Flex Modulus, RT, msi 3175 18.6/18.1
00 Flex Modulus, 4•0°F, msi 3175 17.8/16.5
00 Flex Modulus, 4500 F, iest 3175 17.0/15.8
Short Beam Shear, RT, ksi 3175 14.7/14.6
Short Beam Shear, 4000 F, ksi 3175 10.5/10.0
Short Beam Shear, 450 0 F., ksi 3175 8.4/8.1
900 Tensile Strength, RT, psi 3175 7,240/7,100
900 Tensile Modulue, RT, msi 3175 1.36/1.31
900 Tensile Elongation, 7. 3175 0.56/0.54

1II. Panel Physical Properties

Panel No. 3175 3176
Fiber Volume, % 53.1 65.0
Resin Content, 7% 28.75 27.29
Density (lb/in3 ) 0.0572 0.0578
Void Content, 7% 0.99 0.56
Ply Thickness, Inches 0.0058 0.0057

IV. Individual Spool Physical Properties

Spool No. 2 3
Resin Content, % 44 41

"R. L. grankenfiel/ Representative

•d 215 QUALITY ASSURANCE/DEPARTMENT
i •RLF: ldo

. . ..-- "- * -- - .. i -. i i .....................-...... ....... ....



PREPREG PHYSICAL PROPERTIES

Material: T300/F178 Vendor: Hexcel

Volatile Resin esIn
Lot/Batch Spool/Roll Content Content Flow

Number Number (% by wt) (% by wt) (% by wt)

DP021 4 41.1
DP021 5 42.2 ---

Graphite/polyimide T300 graphite fiber (3000 tow, 309 finisli
F178 polyimide resin
0.005 inch nominal tape thickness
12-inch wide tape

Test Procedures Followed

Property Applicable Test Spec. Source of Test Spec

Volatile Content Not Applicable ---

Resin Content No Numerical Designation Hexcel

Resin Flow Not Applicable

Flow test not performed. It is a high flow system, however;
22 + 5% according to Hexcel literature.
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9/7/76

Shipped to: Vniversity of Oayton
J.i, Research Institute

300 Col lege Park Ave.
Dayton, Ohio

•.! ~s.o.-# 8499243-1 -
P.O. # R1 77135:

B.0, # DPO21

Flexural Stren~i-

4: ORT (ipsi x 103) 2148

Mod (psi x 106) 17.9
0500°F 145

Mod 1B,0

Short Beam Shear

DRT - psi 14,800

500F - psi 7,500
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¶ PREPREG PHYSICAL PROPERTIES

Material; AS/HME Vendor: TRW

Volatile Resin Resin•-
oI•t/Batch Spool/Roll Content Content Flow
Number Number wt) (% ky Wt). by wt)

10904 73-1 0.72 See special sheet 2.9
10904 73-2 1.20 See special shee 2.8

10904 73-3 1.50 See special sheel 6.1
10904 73-4 1.40 See special shee 8.0
10904 73-5 0.75 See special sheet 4.0
10904 73-6 0.62 See special s 3.2

. 10904 73-7 1.10 See special sheet 3.7
10904 73-8 0.67 See special sheet 3.4
10904 73-10 1.33 See special heAe 6.3

¶1I

____"_ Test Procedures Followed

Property Applicable Test Spec. Source of Test Spec.

Volatile Content I.1.1 TRW

Resin Content AFML-TR-67-243 AFML-TR-67-243

* Resin Flow No Numerical Designaticn* 3M
"*Same test as used for SP313. This method employs a 90 psi
pressure while the actual cure schedule for the HME resin
called for only 14 psi (vacuum bag). Hence, the actual flow
during cure would be less than that measured here.

2
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PREPREG PHYSICAL PROPERTIES

Material: AS/HME Vendor: TRW
Volatile Resin Resin

Lot/Batch Spool/Roll Content Content Plow
Number Number (% by wt) (% by wt) (% by wt)

10904 73-11 1.43 See special h 6.2

10904 73-12 1.88 See S.ecial ftel 12.2

10904 73-13 0.83 9e.7M~a bel

"10904 73-14 0.94 See special shoee 6.5

10904 73-15 1.16 See special1 10.9

10904 73-16 0.59 See....r• S sbee 7.9

10904 73-17 1.28 See 2ecial sheef 8.8

Test Procedures Followed

Property Applicable Test Spec. Source of Test Spec.

Volatile Content 1.1.1 TRW

Resin Content APML-TR-67-243 AFML-TR-67-243

Resin Flow o Noumerical Designation* 3M
*Same test as used for SP313. This method employs a 90 psi

pressure while the actual cure schedule for the HME resin
called for only 14 psi (vacuum bag). Hence, the actual flow
during cure would be less than that measured here.

219
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T1

PREPREG PHYSICAL PROPERTIES

Material: AS/HME Vendor: TRW

SVo 1a t Wile Resin Resin
Lot/Batch Spool/Roll Content Content Flow

Nuxiber Number (% by wt) (%by wt) N% by wt)

10904 75-1 1.88 See special sheet 7.0
10475-2 1.36 See special Aheet 5.8

10904 75-3 1.54 See special sheet 6.4
10904 75-4 1.64 See special sheet 8.6

10904 75-5 1.43 See special sheet 7.5

10904 75-6 1.58 See special sheet 12.9

10904 75-7 2.08 See special shet 9.5
...__ _ _ _ ,__ _ _,,__ _ _ , _

Test Procedures Followed
Property Applicable Test Spec. Source of TestSpec.

Volatile Content I.1.1 TRW

Resin Content AFML-TR-67-243 AFML-TR-67-243

SResin Flow No Numerical Designation* 3M

*Same test as used for SP313. This method employs a 90 psi
pressure while the actual cure schedule for the HME resin
called for only 14 psi (vacuum bag). Hence, the actual flow
during cure would be less than that measured here.
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PREPREG PHYSICAL PROPERTIES

Material: AS/HME Vendor : TRW

Vol1tie ResYin Resin
Lot/Batch Spool/Roll Content Content Flow

Number Number (% by wt) (% by wt) (% by wt)
11939 27-1 0.80 spca sht 5.2

11939 27-2 1,46 special sheet 7.9

11939 27-3 1.14 special sheet 5.2

11939 27-4 1.94 special sheet 11.2

11939 27-5 1.01 special sheet 4.4

11939 26152special sheet 10.5

11939 27-7 3.45 _e_ spacial sheet 12.8

11939 27-8 1.55 3e special sheet 14.5

Test Procedures Followed

Property Applicable Test Spec. Source of Test Spec.

*.. •Volatile Content i.11 TRW

Resin Content AFML-TR-67-243 AFML-TR-67-243

Resin Flow No Ntsvrical Designation* 3M

Same test as used for SP313. This method employs a 90 psi
pressure while the actual cure schedule for the HME resin
called for only 14 psi (vacuum bag). Hence, the actual flow
during cure would be less than that measured here.
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degree of scatter in the resin content of the HME low-flow

system resulted in a comprehensive study of the-resin content

variability of this prepreg.. The special supplementary table
at the end of Appendix A presents the results of this-study and

vLvidly illustrates the magnitude of the problem. In short, al-

I though each batch of prepreg did indeed fall within the 35% + 5%

limit quoted by TRW, in-batch resin content variations were quite

substant*al, ranging from a low value of about 22% to a high value

of over 46%. The.problem was one of non-uniform resin distribu-

tion across the width of the prepreg tape.

2

i I

I. 2

I ... . .. . . . . . . .. .
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AS/HME PREPREG RESIN CONTENT

Res-in Content~ %At. Max.
Roll No. Pos. I Pos. 2 Pos. 3 Pos. 4 Pos. S Avg. Soread

10904-73-1 45.88 44.74 35.74 34.31 29.39 38.01 16.49
10904-73-2 37.77 34.99 35.24 33.05 38.18 35.85 5.13
10904-73-3 41.09 34.89 38.61 33.90 32.84 36,27 8.25
10904-73-4 30.03 36.92 36.04 42.01 41.46 37.29 11.98
10904-73-5 33.18 39.60 35.71 29.97 36.05 34.90 9.63

M 10904-73-6 30.09 33.66 42.39 28.30 31.70 33.23 14.09
10904-73-7 34.40 33.26 38.89 37.45 34.84 35.77 5.63
10904-73-8 29.57 33.83 36.69 30.92 35.46 33.79 7.12
10904-73-10 41.91 33.33 30.80 34.81 36.60 35.49 11.11
10904-73-11 46.14 36.21 39.00 40.14 28.97 38.09 17.17
10904-73-12 35.79 42.80 31.90 30.32 31.95 34.55 12.48
10904-73-13 40.69 39.13 34.61 34.68 29.94 35.81 10.75
10904-73-14 38.36 32.73 37.45 41.13 32.62 36.46 8.51
10904-73-15 36.77 35.65 34.35 40.34 32.79 35.98 7.55
10904-73-16 35.04 37.48 36.26 36.82 32.69 35.59 4.79
10904-73-17 37.14 32.02 31.20 34.18 21.76 31.26 15.38

10904-75-1 35.01 32.33 38.41 37.19 42.73 37.13 10.40
10904-75-2 30.54 37.80 39.44 37.10 40.74 37.12 10.20
10904-75-3 41.28 34.27 33.27 36.04 27.38 34.45 13.90
10904-75-4 29.76 34.41 37.71 36.48 39.32 35.57 9.56
10904-75-5 35.93 36.93 35.14 31.35 33.07 34.48 5.58

10904-75-6 40.24 30.43 34.18 37.53 35.17 35.51 9.81
10904-75-7 38.22 43.05 33.37 36.61 27.79 35.81 15.26

11939-27-1 27.99 38.39 33.47 34.79 32.89 33.51 10.40
11939-27-2 23.93 39.50 32.89 35.03 30.63 3Z.40 15..37
11939-27-3 30.52 25.95 30.89 34.48 42.43 32.85 16.48
11939-27-4 38.83 34.52 35.73 32.77 28.09 33.99 £0.72
11939-27-5 42.67 41.53 44.87 31.99 28.81 37.98 16.06
11939-27-6 32.25 41.27 36.46 37.66 43.59 38.25 11.34
11939-27-7 32.72 36.39 38.40 42.68 39.19 37.88 9.96
11939-27-8 39.29 43.10 40.10 38.17 34.34 39.00 8.76

IPositions I through 5 represent locatjons distributed uniformly across the
width of the prepreg tape from which samples were taken.

•:. [ Intra-Roll
Spread (0/o) 4-6 6-8 8-10 10-12 12+

Population 4 2 7 8 10
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4 f -APPENDIX B

- f LAMINATE PHYSICAL PROPERTY DATA

All of the physical property measurements conducted 12

upon the panels fabricated and used in this program are
!•. presented here. Summries of these data appear in Section 4.
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LAMI -NAT .R PHYSICAL PROPERTIE -S

Material: SP313

Mick- Prepreg
Resin Fiber Void * nss per 1Wt Prepreg

ta pi r No. Spec. Cantent Ccntent Ccntent ply Batch Spoo/l
No. O0rien, Plies Grav. (• w(! (%, al) (%by vol) (mils) No. No.

Al 0- 6 1.48 30.3 57.9 5.7 .5.2 61 J-1-2
A2 00 6 1.47 29.9 61.2 3.9 5.2 661_ - l2

2; A3 00 6 1.47 27.2 65.9 5.6 5.3 66il -1-2
* A4 0O 6 1.46 28.4 61.7 5.7 5.1 661 J-1-2

AS 00 6 1.57 29.0 64.6 -10 5.1 661 J .1-2
A6 0° 6 1.56 29.8 63.9 &0 5.2 601- J-32

* A7 00 6 1.56 29.3 64.3 -A0 5.2 661 7-1-2
A8 0o 6 1.56 29.1 64.5 0 5.2 661 •J-1-2
A9 0- 6 1.55 28.0 63.7 3.2 5.2 661 a-l-2
AI0 0- 10 1.58 26.0 68.0 &0 5.2 661 J-1-2
All 0O 10 1.57 26.8 67.1 5.4 *fil
A12 001 10 1.57 27.1 66.8 mL 5.9 661 J-l-2

1A3 00 10 1.57 26.2 66.2 A0 5.3 661 2
1A4 00 10 1.59 24.9 69.3 -0 5.4 661 J-1-2

A5 00 10 1.58 27.1 66.7 &0 5.3 661 J-1-2
A.6 900 15 1.56 29.9 63.7 =10 5.3 662 J-1-3
1A7 90_ 15 1.56 31.4 62.0 •0 5.4 662 J-1-3
1A8 900 15 1.55 32.9 60.4 -0 5.3 662 J-1-3

9 90- 15 1.57 30.3 63.2 •0 5.3 662 J-1-3
2 20 900 15 1.56 30.2 63.4 -0 5.3 662 J-l-3
21 900 15 1.57 30.0 63.5 :-0 5.4 662 J-l-3

2 900 15 1.56 33.0 60.3 .0 5.3 662 J-1-3
23 900 15 1.56 32.3 61.0 &0 5.5 662 J-l-3

[24 900 15 1.55 33.9 59.2 -10 5.3 662 3-1-3
5 901 15 1.55 ,32.7 60.6 --0 5.4 662 1-1-3

*Computed according to ASTM D2734-70(B). Values indicated as -&0
actually computed as negative values, but since negative void
content is meaningless, they are reported as ='0(approximately
zero). Inspection of photomicrographs revealed an average void
content of about 2% by volume and this is the value reported in
Section 4.
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ILAMINA M PHYSICAL PROPERTIES

material: SP313

Resin Fiber Vod nass per Lot/ Prepre
Lw Fbe N. pe.Content (Xoitmt Cotn*ply Batch Spool/poll

No. Orien, Plies GrY". (" wt) v M 1b %&vo)ti No. No.

A26 900 15 .56 31.6 .6. *0 _5,~3. 6h2. N-1 -1

A2 900 15 1.53 33.0 60.2 0.2 5.7 662 -J-1-3

A30 900 15 1.56 33.9 57.4 =.0 5.8 662 JBO-1-2

A31 900 15 1.56 32.5 59.5 =O 5.3 662 JBO-1-2

A32 900 15 11.53 32.5 59.5 &0 5.3 662 JBO-1-2

A33 00 14 11.62 31.7 60.3 z0 5.4 662 JBO-1-2

A 0 14 1.61 32.0 60.0 ~05.4 662 JBO-1-2

A.35 00 16 1.56 34.3 57.6 a0 5.3 662 JBO-1-2

A36 0' 120 1.56 35.5 56.2 LO 5.3 662 JBO-1-2

A37 00 40 1.56 35.4 66.3 Z0 5.1 662 JBO-1-2

A38 1450 8 1.54 33.7 58.1 -.0 5.6 662 JBO-1-2

A39 1450 8 1.57 31.0 61.2 ýý0 5.6 662 JBO-1-2

A40 ý45' 12 1.52 32.3 60.7 0.6 5.5 662 JBO-1-2

A43 I450 12 1.52 32.4 58.8 0.9 5.5 662 JBO-1-2

A44 1450 8 11.54 32.2 59.8 AO 5.4 662 JBO3-1-2

A46 00 14 1.56 33.2 58.7 i&0 5.6 662 .380-1-2

TA47 450 8 1.55 31.9 60.1 a() 5.5 662 J'-1-1
A48. 45' 8 1.55 32.7 59.2 ~05.6 662 J3-1-1

ASO 45' 8 1.56 31.9 60.1 ~05.5 662 J3-1-1

A51 450 8 1.55 32.0 60.0 MO 5.5 662 J3-1-1

A52 450 8 1.55 31.7 :60.3 -0 5.5 662 J3-1-1

A53 -450 8 11.54 30.7 60.5 ZO 5.5 662 J-1-1
A54 450 8 11.54 31.8 60.2 A0 5.6 662 ;-1
A55 45' 8 11.55 131.3 160.7 :&0 5.5 662 J-1

*Computed according to ASTM D2734-70(B). Values indicated as A0
actually computed as negativezvalues, but since negative void
content is meaningless, they are reported as &0 (approximately
zero). Inspection of photomicrographs revealed an average void
content of about 2% by volume and this is the value reported in
Section 4.
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LAMINATE PHYSICAL PROPERTIES

Material: SP313

Thc Prepreg
Fesin Piber Void ness per Lot/ Prepzeg

Um, Fiber Nb. Spec. Content COmtent content* ply Batch Spool/Ib.i
No. Orien Plies (a. (!I&, {•by vo)1 (!by vol) (mils) NO. No.
A56 +450 8 1.54 32.5 59.75 5.6 J'.1.1

A57 +45o 8 1.55 31.4 62.0 A.0 5.5 662 J-1-1
ASO +45- 8 1.55 32.5 60.8 &0 5.7 662 J-1-1
A59 00 10 1.47 34.5 55.3 4.7 5.6 662 J-1-1
A60 00 20 1.47 41.1 50.9 1.6 5.9 662 J-1-1

A'i +45 40 1.52 32.6 60.4 0.4 5.5 662 J-1-1

A62 +450 8 1.54 30.7 62.7 0.2 5.5 662 J-1-4
A63 +450 8 1.54 30.9 62.5 4.1 5.6 662 J-1-4
A64 00 14 1.56 32.1 59.3 0.3 5.6 662 J-1-4

A65 +450 20 1.54 33.4 59.6 AO 5.5 662 J-l-4
A66 900 14 1.54 31.3 62.1 A0 5.4 662 J-1-4

A67 00 14 1.54 30.5 60.1 2.00 5.7 662 J-1-4

Avg. 1.55 31.4 61.2 &0* 5.4

StDRZ 0.03 2.6 3.2 --- 0.1

*Computed according to ASTM D2734-70(B). Values indicated as -A0
t. actually computed as negative values, but since negative void

content is meaningless, they are reported as &0 (approximately
zero). Inspection of photomicrographs revealed an average void
content of about 2% by volume and this is the value reported in

4 ISection 4.
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LAMINATE PHYSICAL PROPERTIES

Material: AS/3004

Rein Fie Vold ness per Jot/ rpeI. Fibemr ND. Spec. Cotent Content Cotent* ply Batch Spol/moll
- -~ (% (mls N e o./ NO.r

No. Crien Plies Gray. (%b• (%by %I) b (mils) No. No.
Cl 00 14 1.52 34.5 56.-3 1.1 5.1 376 6
C2 00 14 1.53 32.6 58.1 1.5 5.8 376 3

C3 0 20 1.55 33.3 57.0 1.6 5.3 376 3
C4 00 14 1.52 32.6 57.6 2.3 5.4 376 3

C5 00 14 1.52 31.9 58.7 2.6 5.2 376 3
C6 00 20 1.52 33.0 57.7 1.8 5.3 376 3

Cc7 0 6 1.55 32.8 58.6 0.3 5.7 376 6
Ca o 6 1.54 31.8 59.1 1.3 5.7 376 3

C9 00 6 1.56 31.4 60.1 0.4 5.7 376 3

Clo 00 6 11.53 35.9 55.1 0.6 5.7 376 3
Cli 0 8 6 1.51 37.8 52.7 1.• 2 5.7 376 3

C12 oo 6 1.54 31.4 59.4 1.4 5.7 376 3

C13 00 6 1.55 33.2 57.6 "0 5.7 376 3

C14 00 6 1.51 38.1 52.7 0.6 5.7 376 3

C15i1 900 15 1.54 36.0 55.3 -0 5.5 376 3

C16 900 15 1.55 32.9 58.5 0.2 5.7 376 3

C17 900 15 1.56 32.4 59.2 t0 5.8 376 3

"C18 90o 15 1.55 33.5 57.4 0.2 5.8 376 3

C19 +450 8 1.54 34.8 55.7 -0 5.5 376 6

C20 +145° 8 1.54 34.0 57.3 0.2 5.3 376 6

C21 +450 8 1.54 33.8 57.4 0.5 5.5 376 6

C22 ±45o 8 1.55 33.5 57.8 0.2 5.4 376 6

C23 +450 8 1.54 33.4 57.9 0.5 5.4 376 6

C24 +450 8 1.53 33.6 57.2 1.3 5.4 376 6

C25 00 6 1.51 38.0 52.7 0.9 5.7 376 3

I*ASTM D2734-70 (B)
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SLAMINATE PHYSICAL PROPERTIES

Material: AS/3004
-iI- Prepreg

ILm. nber No. Spec. Ccntent Citent CcntC t ply Batch SpooUl/ll
No. Orien Plies Gray. My wt) (%by vol) (%!- vol) (mils) NO. No.

C26 909 15 1.54 _ 321.8 59.9 1.7 5.5 376 3
C27 90" 15 1.56 31.2 60.4 0.2 5.4 376 3

C28 900 15 1.54 33.4 57.7 0.7 5.5 376 3

C29 900 15 1.54 34.8 56.4 0.2 5.4 376 3

C30 0- 40 1.56 31.6 60.1 0.1 5.4 376 3&9

C31 900 15 1.53 33.5 57.2 1.3 5.5 376 3

C32 900 15 1.52 34.5 56.1 1.3 5.4 376 3

C33 900 30 1.54 34.4 57.0 0.1 5.1 376 3&9

C34 900 15 1.53 34.4 56.6 0.7 5.3 376 3

C35 90 15 1.54 32.0 59.0 1.2 5.5 376 9

C36 ±45* 30 1.53 35.1 55.7 0.9 5.2 376 9

C37 900 15 1.54 33.1 58.0 0.8 5.4 376 9

C38 90- 15 11.53 35.1 55.7 0.9 5.3 376 6

C39 900 15 1.54 33.6 57.6 0.6 5.7 376 6

C40 +450 30 1.54 34.1 57.2 0.2 6 5.3 376 6

C41 +450 8 1.51 32.8 57.3 2.6 5.4 376 6

C42 +450 8 1.52 32.9 57.1 2.6 5.5 376 6

C43 +450 8 1.50 33.9 55.9 2.9 5.5 376 6

C44 +450 8 1.50 32.7 56.8 3.5 5.6 376 6

C45 +450 8 1.52 32.7 57.4 2.4 5.4 376 6

C46' +450 8 1.51 33.6 56.3 2.[ 5.4 376 6

C47 +450 8 1.51 33.7 56.3 2 5376 6

C48 +450 8 1.53 33.6 57.3 1. 5.4 376 6

C49 +450 8 1.54 33.7 57.3 0.8 5.4 376 6

C50 +45o 8 1.53 134.2 56.7 1 6

*ASTM D2734-70(B)
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LAM4INATE PHYSICAL PROPERTIES

Material: AS/3004

Resin Fiber Void , ress per lot/ Preprg
Lam. Fibe No. SWe. Ccrtent Ccab1ent Ccntent* ply Batch Spool/frol
t ;N. Orien Plies Grav. (f!y (ft vo) (%by vol) (miLs) No. No.

t•.C51 900 15 1,.51 35.3 53.7 1.7 5.4 37§ 0

C52 900 15 1.551 33.8 56.4 2.2 5.4 376 ... L.0A.
C53 900 15 1.53 33.6 57.3 1.1 5.3 376 10A
C54 +450 8 1.53 33.0 57.6 1.7 5.3 376 10A

C55 _45- 8 1.52 32.1 58.2 2.2 5.3 376 10A
C56 +45o 8 1.52 34.0 56.6 1.5 5.4 376 10A

Avg. 1.53 33.6 57.2 1.1 5.5

St.DV, 0.02 1.6 1.7 0.9 0.2 1

*ASTM D2734-70(B)
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- I LAMINATE PHYSICAL PROPERTIES

•Material: AS/4397

Lam. Fiber No. Spec. Content Content Content ply Batch Spool/Io11
No). Orien, Plies Qrav. (W __t) _ _____ _01________ 2-NO

Dl 0 6 1.59 25.8 66.4 0.9 5.9 382 2
D3 0 1 6 1.56 29.6 62.4 1.2 5.9 382
D4 00 6 1.58 29.2 63.0 0.3 5.8 382 2
D5 00 6 1.53 34.1 56.5 2.2 5.8 382
D6 00 6 1.57 29.4 62.7 0.3 5.7 382 2
D7 00_6 1.56 28.5 62.7 2.0 5.7 382 2
D9 00 14 1.60 28.0 66.0 &0 5.5 382 2
D10 00 20 1.56 28.2 62.9 2.2 5.3 382 2
D12 900 15 1.58 26.7 65.3 1.0 5.5 382 2
"D13 900 15 1.59 26.3 65.8 1.0 5.5 382 2
D14 900 15 1.58 28.0 63.9 1.0 5.5 382 2
D15 900 15 1.57 27.3 64.4 1.5 5.5 382 2
D16 90' 15 1.59 26.7 65.6 0.6 5.7 382 2
1D7 900 15 1.57 26.7 64.8 1.8 5.7 382 2
D18 900 15 1.56 28.1 63.1 2.0 5.5 382 2
D19 900 15 1.59 27.6 64.6 0.3 5.3 382 2
D20 900 15 1.58 26.7 65.2 1.3 5.5 382 2
D21 90- 15 1.58 26.8 65.0 1.4 5.5 382 2
D22 900 15 1.57 26.3 65.3 1.8 5.8 382 2
D23 900 15 1.56 28.3 63.9 1.7 5.5 382 2
D24 900 15 1.54 34.4 56.7 1.2 5.6 382 2
D25 900 15 1.60 26.5 66.3 -'-0 5.6 382 2
D26 900 15 1.59 27.8 64.6 -0 5.7 382 2
D27 +_450 8 1.57 27.8 64.7 -0 5.6 382 2

D28 +450 8 1.58 27.2 65.5 -0 5.6 382 2

ASTM D2734-70(B). Photomicrographs showed all laminates to be
practically void free.
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LAMINATE PHYSICAL PROPERTIES

!Material: AS/4397

Resin Fiber Void ness per Ilt Prepreg•:Lai. Pibe LY. jSp '...Content Contant 1.Aten1L ply Batch Spool/Roll
SNo. Orien, Plies Grav. wt) (%by (o_) No. No.

)D29 ±45- 8 1.58 28.0 64.6 &0 5.6 382 2
1D30 +45o 8 1.59 27.1 65.5 &0 5.6 382 2
"D31 +450 8 1.58 28.5 63.9 -0 5.6 382 2
)D32 +450 8 1.57 29,7 62.6 40 5.7 382 2

D33 +450 8 1.56 28.1 64.1 &0 5.8 382 2
D34 +450 8 1.58 27.4 65.2 &0 5.8 382 2
D35 +450 8 1.59 28.6 63.7 0.3 5.7 382 2
D36 +450 8 1.56 30.0 62.3 -z0 5.9 382 2
)D37 +450 8 1.56 29.1 63.2 10 5.7 382 2

1D38 +45 8 1.55 29.6 62.7 &0 5.8 382 2

D39 +450 8 1.59 28.3 64.1 A-(0 5.9 382 2
D40 +450 8 1.58 28.5 63.4 1 0 5.9 382 2
1D41 +450 8 1.56 28.6 63.9 &0 5.8 382 2
D)44 O0 20 1.54 31.0 61.2 t0 5.5 382 2
1D46 00 6 1.58 28.0 64.0 ?0 5.8 382 3
D48 00 14 1.55 30.9 61.3 -&0 5.7 382 3
D49 0 20 1.55 30.1 62.1 -O 5.5 382 3
)D57 00 6 1.54 30.5 61.8 :&0 5.4 382 3

1D58 900 15 1.55 29.2 63.2 "-0 5.7 382 3

1D59 +45" 20 1.55 30.2 62.0 aO 5.5 382 3
1D60 +45* 20 1.55 29.9 62.4 .0 5.5 382 3

Avg. 1.57 28.5 63.6 L0 5.6

.Dv. 0.02 1.8 2.1 --- 0.2

*ASTM D2734-70(B). Photomicrographs showed all laminated to be
practically void free.
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•.: LAMINATE PHYSICAL PROPERTIES

• Material: T300/FI78

i• + 
•'M -ac" Prepreg.. . . . .

SResin 
Fiber void ress per 1wt Prepreg

Lain. Fiber No. Spec. Content Content Content ply Batch Spool/Roll
No. Orien, Plies Gray. (%1q wt (%b (% vol) (oMils) No. No.

E4 00 6 1.57 33.3 56.6 0.2 6.0 DP021 5
E5 00 6 1.57 27.1 65.3 d-0 5.2 DPO21 5

E6 0- 6 1.55 30.6 60.3 0.3 5.2 DP021 5

" £ E7 0° 6 1.54 30.1 60.7 0.3 5.0 DPO21 5

E8 0- 6 1.55 29.7 60.4 1.0 5.0 DP021 5

E9 0- 14 1.55 28.9 61.4 1.0 5.4 DPO21 5

E10 900 15 1.58 32.1 57.3 0.7 5.0 DPO21 4

Ell 900 15 1.58 30.3 60.5 0.2 5.1 DP021 4

E12 900 14 1.57 35.5 53.5 -0 5.1 DP021 4

1E3 900 15 1.58 29.6 61.6 0.3 5.1 DP021 4

AE14 900 15 1.58 29.1 62.1 0.1 5.2 DP021 4

E15 900 15 1.60 31.7 58.5 0.3 5.1 DPO21 4

£17 900 15 1.59 32.5 57.5 0.2 5.2 DPO21 4
E18 900 15 1.58 31.6 59.2 0.1 5.1 DPO21 4

E19 900 15 1.59 28.8 62.3 0.3 5.1 DPO21 4
E20 900 15 1.58 31.8 58.6 0.1 5.1 DP021 4

E21 0o 6 1.57 33.4 56.4 0.2 5.3 -DPO21 4

E22 00 6 1.57 29.5 61.8 0.2 5.2 DP021 4

E23 900 15 1.59 32.2 55.6 L0 5.3 DPO21 4

E24 00 6 1.59 26.7 65.9 L0 5.0 DP021 4

E25 00 6 1.56 30.3 59.2 '0.2 5.5 DP021 4

E26 900 15 1.53 33.8 55.8 1.0 5.8 DPO21 4

E27 900 15 1.57 37.4 53.2 -0 5.4 DP021 4

£28 900 15 1.56 36.2 52.1 0.8 5.6 DP021 4
E29 900 15 1.53 33.6 55.3 1.0 5.7 DP021 4
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LAIRNATS PHYSICAL PROPERTIES

Material: T300/F178

Resin Fiber Void ness per lot/ Prepreg
ILam. Fibe2r No. Spec. Content Content Content ply Batch Speo1/A~oU
*No. Orien, Plies Grav. (M (%LbZ vo) (%by vol) (mils) No.NO

E30 900 15 1.58 33.3 56.4 0.3 5.4 DP021 4
,31 0- .20 1.57 35.5 53.8 0.1 5.4 DP021 4
E32 00 40 1.59 32.2 58.0 0.2 5.0 DPo21 4

B33 .. 40 1.60 32.8 56.8 0.6 5.2 DP021 5
-34 +450 8 1.62 30.9 59.7 0.1 5.5 DPO21 5

E35 .. 450 8 1.62 27.4 66.4 &0 6.0 DP021 5

36 45 8 1.64 30.4 60.5 a0 5.4 DPO21 5
37 +450 8 1.57 31.4 59.0 0.2 5.5 DPO21 5

39 +450 8 1.59 27.7 64.0 &0 6.1 DP021 5
40 450 8 1.57 28.4 63.1 :&0 6.0 DP021 5
41 *450 8 1.58 28.3 63.2 '&0 5.1 DPO21 5

'42 450 8 1.61 25.4 67.0 M-0 5.5 DP021 5

43 450 8 1.59 27.7 64.0 0.2 5.3 DPO21 5
44 450 8 1.59 26.7 65.1 0.1 5.2 DP021 5

46 t450 40 1.58 32.6 57.5 0.2 5.1 IDPO21 5
• "47 1450 40 1.59 30.7 60.2 0.1 5.3 DP021 5

48 f450 8 1.58 28.3 63.4 0.1 5.4 DPO21 5

49 90° 15 1.58 32.9 56.1 &0 5.7 DPO21 5

50 900 15 1.57 34.1 55.6 0.1 5.7 DPO21 5

51 900 15 1.58 33.4 56.3 0.3 5.7 DPO21 5
52 900 15 1.59 28.4 63.2 0.2 5.6 DP021 5

53 90a 15 1.56 31.9 58.9 -0 5.6 DPO21 5

Avg. 1.58 31.6 59.5 0.2 5.4

St.Dv. 0.01 2.7 3.7 0.3 0.3
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TENSION DATA-.

1All of the tension data, generated during thLis program
are listed in this section. These data are susiarized and
presented in both tabular and graphical fozm in Section 4.
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APPENDIX D

COMPRESSION DATA

All of the compression data generated during this pro-
gram are presented in this section. They are summarized in

'tabular and graphical form in Section 4.
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S---------------..APPENDIX E

FLEXURE DATA

I All of the flexure data generated during this program

are listed in this appendix. Summaries of these data are
tabulated in Section 4.
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Test: Flexure L ID Rat0o: 32:1
Materials: SP313 -- .....

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (OF) (ID3psi) (106p1i) Remarks

A46-1 00 -67 197.0 17.34

A46-5 00 -67 177.1 17.10

A46-12 00 -67 156.4 17.56

A46-14 0 -67 209.8 18.45

A46-21 00 -67 209.5 17.69

Avg. 190.0 17.63

Std.Dev. 23.0 0.52

A46-4 00 72 176.8 17.47

A46-7 00 '72 176.7 16.88

A46-17 0° 72 192.4 17.60

A46-18 0° 72 233.3 18.94

A46-30 00 72 224.3 17.95

Avg. 200.7 17.77

Std.Dev. 26.6 0.76

A46-6 0Q 260 136.9 17.85

A46"-13 00 260 113.8 17.51

A46-15 0Q 260 147.9 17.40

A46-19 00 260 159.6 17.70 . ....

A46-26 00 263 120.1 16.18

Avg. 135.7 17.33

Std.Dev, 19.0 0.65

A46-10 00 350 96.2 15.78

A46-16 00 350 117.9 17.24

A46-20 rp 350 87.0 15.64

A46-24 00 350 89.7 16.33 I

A46-25 0" 350 91.3 16.44

Avg. 96.4 16.29

Std.Dev. 12.5 0.63
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Test: F tezure L/D Ratio: 32:1
Materials; SP313,...,_ _,,_"'

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation OF) (10 3 psi) (101psi) Remarks

A34-1 900 -67 11.71 1.54 ,

A34-5 900 -67 10.46 1.47

A34-12 9O° -67 11.89 1.43

A34-14 90° -67 11.31 1.41

A34-21 90* -67 10.84 1.43

Avg. 11.24 1.46
Std..ev. 0 60 0.05......_

A34-4 900 72 11.34 1.30

A34-7 90o 72 11.34 1.39

A34-17 900 72 9.47 1.37

4 A34-18 900 72 10.65 1.32

A34-30 900 72 10.51 1.44

Avg. 10.66 1.36

Std.Dev. 0.77 0.06
A 900 26 .5 1.1

A34-6 900 260 6.55 1.13

A34-15 900 260 6.69 1.06

A34-19 900 260 7.47 1.24

A34-26 900 260 5.37 1.06

Avg. 6.50 1.12

Std.Dev. 0.75 0.07

A34-10 900 350 5.06 1.01 ..

A34-16 900 350 4.46 0.97

A34-20 900 350 4.67 0.89

A34-24 900 350 5.02 0.93

A34-25 900 350 4.92 0.97

Avg. 4.82 0.95

L.Std. Dev. 0.26 0.05
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Test: Flexure L Rat3o: -1
Material - r AS/3004 __

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strenqth Elasticity
Number tation (*F) (10 3 psi) __(106psiL Remarks
C2-9 00 -67 231.4 20.3

C2-11 00 -67 232.0 19.2

C2-18 -67 229.6 20.7
C2-15 00 -67 223.6 20.3

C2-6 00 -67 222.9 19.3

* Avg. 227.9 20.0

* Std.Dev. 4.3 0.7

C1-3 00 72 189.3 18.3 .. ... .....
"Ci-4 00 72 201.5 19.0

Cl-I 00 72 190.5 15.5

C1-2 00 72 199.9 17.9

CI-5 0° 72 176.2 18.5

Avg. 191.5 17.8

Std.Dev. 10.1 1.4

C2-8 0° 180 157.5 19.6

C2-16 00 180 157.2 19.4

C2-12 00 180 154.2 19.0

C2-13 0° 180 153.6 19.8

C2-7 0o 130 159.0 20.8

Avg. 156.3 19.7

Std.Dev. 2.3 0.7

C2-20 0 . 250 138.2 20.8

C2-17 00 250 136.1 19.6

C2-10 00 250 129.9 19.9

C2-19 00 250 136.7 19.7

C2-14 0o 250 135.3 19.9

Avg. 135.2 20.0

Std. Dev. 3.2 0. s_

S~263



Test: Flexure 32L/D at - .1

Materials: AS/3004 -__ _

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Ntumber tation (OF) (10 3 psi) (10 6 psi) Remarks

C2-31 900 -67 11.81 1.30

C2-30 900 -67 13.05 1.28

C2-26 900 -67 14.06 1.29

C2-27 900 -67 13.94 1.34

C2-28 900 -67 14.12 1.36

Avg. 13.40 1.31
[Std.Dev. 0.99 0.03

C2-23 900 72 13.49 1.22

C2-22 900 72 12.96 1.26

C2-21 900 72 12.36 1.31 ....

C2-29 900 72 11.59 1.32
C2-24 900 72 14.62 1.30

Avg. 13.00 1.28

Std.Dev. 1.15 0.04

C2-32 900 180 11.86 1.26

C2-25 900 180 12.96 1.28

C5-1 900 180 9.38 1.06

C5-2 900 180 10.07 1.13

C4-6 900 180 12.36 1.13

Avg. 11.33 1.17

Std.Dev. 1.53 0.09

"C4-4 900 250 10.51 1.08
C4-2 900 250 !0.34 1.09

C4-1 900 250 8.88 1.07

C4-3 900 250 10.13 1.07

C4-5 900 250 10,69 1-0B _________

_t.i .•Avg. 10.11 1. 0)8
Std.Dev. 0.72 0.01
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Test: Flexure L/D Ratio: 32:1
Materials: AS/43 7

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (OF) (10 3Dpsi) (106psi) Remarks

D9-20 00 -67 228.5 17.05 ,, .

D9-12 00 -67 257.5 19.06

D48-11 00 -67 244.0 17.25

D48-5 00 -67 238.8 16.80
D48-.20 0_ -67 230.8 16.17

Avg. 239.9 17.27

Std.Dev. 11.8 1.08

D48-12 00 72 229.1 17.59

"D48-22 00 72 222.9 18.76

D48-6 00 72 212.3 18.20

D9-3 00 72 239.5 18.96

D9-21 00 72 218.1 18.71

Avg. 224.4 18.44

Std.Dev. 10.5 0.55

D48-15 00 350 182.9 18.13

D48-19 00 350 172.3 14.62

D9-15 00 350 204.6 17.46

D9-14 00 350 168.2 18.84

D9-13 0V 350 165.8 17.25

Avg. 178.8 17.26

Std.Dev. 15.9 1.60

D9-4 00 450 133.7 17.25

D48-14 00 450 129.3 16.13

D48-7 00 450 123.9 16.17

D48-17 00 450 124.0 16.56

SD48-01 00 450 1.32.0 17.51

Avg. 128.6 16.72

Std.Dlev. _ 4.5 0.63
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Test: Flexure L/D Ratio: 32:1.
Materials -AS/43_97

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticit
Number tation (,F) (10 3psi) (10 6psi) Remarks

D9-44 900 -67 10.31 1.54
D9-36 900 -67 9.51 1.60

D48-25 900 -67 10.02 1.55

D48-35 90g -67 8.83 1.37
D9-25 900 -67 7.74 1.70
Avg. 9.28 1.55

Std.Dev. 1.03 0.12

"D9-41 900 72 8.31 1.44

D48-30 900 72 9.65 1.45

D9-40 900 72 8.97 1.43

D9-45 900 72 8.92 1.87

D48-36 900 72 8.56 1.33

Avg. 8.88 1.50
Std.Dev. 0.51 0.21

D9-35 900 350 4.87 1.24

D48-31 900 350 6.08 1.18
D9-28 900 350 4.44 1.15

D48-23 900 350 6.20 1.16

D48-42 900 350 5.15 1.20

Avg. 5.34 1.19
Std.Dev. 0.77 0.04
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Test- Flexure L/D Ratio: 32:1
Matrls:__AS/4397___________________

Fiber Tet Ultimate Modulus of
Specimen Orien- Temp. Strepgth Elasticity

Number tation (°P) (0 i) ( 6 psi) Remarks

D9-46 900 450 3.80 0.59

D48-27 90 450 5.34 0.72

D9-42 900 450 3.28 0.53

D48-39 900 450 4.84 0.75

D48-45 900 450 4.87 0.72

D9-30 900 450 3.80 0.68

Avg. 4.32 0.66

Std.Dev. 0.80 0.09

.1-
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_______ LOE Ratio: 32:1
Materials: T300/ 178

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (*F) (o 3 ps•i) (lo 6psi) Remarks

E9-10 00 -67 188.0 15.85

E9-12 00 -67 205.3 17.28
- 9-7 0 -67 196.7 16.60

E12-8 00 -67 199.6 18.13

E12-10 00 -67 214.7 17.43

Avg. 200.9 17.06

Std.Dev. 9.9 0.87

E9-1 00 72 189.3 14.97

E9-17 00 72 204.6 16.89

E9-20 00 72 202.7 16.79

E12-12 00 72 215.1 17.76

E12-5 00 72 208.1 18.06

Avg. 204.0 16.89

Std.Dev. 9.5 1.21

R9-13 00 350 163.3 17.29

E12-11 00 350 178.7 18.65

E12-6 0) 350 195.8 19.13

E12-1,3 00 350 182.3 17.66

E9-11 00 350 175.2 19.41

Avg. 179.1 18.43

Std.Dev. 11.8 0.92

E9-4 00 450 145.2 16.96

E9-14 0* 450 137.4 17.31

E9-5 .. 0 450 146.6 18.76

E12-4 00 450 148.4 19.16

E12-7 00 450 159.4 19.10

Avg. 147.4 18.26

Std.Dev. 7.9 1.04
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Test: Flexure LTD Ratio" 2 :1
Materlils : T3O 178 _

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (F) (10•psi) (16p-si) Remarks

E9-24 900 -67 7.91 1.37

"E9-34 90- -67 8.49 1.51

39-33 900 -67 8.87 1.58

E9-26 900 -67 10.08 1.51

E12-1 900 -67 '11.42 1.55

Avg. 9.36 1.50

Std.Dev. 1.40 0.08

E9-39 900 72 9.04 1.34

E9-36 900 72 7.98 1.23

E9-41 900 72 6.78 1.331

E9-32 900 72 6.55 1.10

E12-4 900 72 10.25 1.34

Avg. 8.12 1.26

Std.Dev. 1.55 0.10

E9-35 900 350 4.65 1.03

E9-25 900 350 3.77 1.13

E9-43 900 350 4.57 0.96

E12-3 900 350 5.87 0.98

E9-30 900 350 5.68 1.15

Avg. 4.91 1.05

Std.Dev. 0.87 0.09

E9-44 90g 450 4.02 0.85

E9-37 900 450 4.18 0.82

E12-2 900 450 3.95 0.86

E9-28 900 450 3.86 1.18

E9-27 9I 0 I 450 4.70 0.93

Avg. - 4.14 0.93

Std. Dev. __0.33 0.15

269



INPIAN SHEAR DTA

All of the inplane shear data generated during this
program are presented in this section. These data are both
tabularly and graphically summarized in Section 4.
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Test: Inplane Shear
Materials: SP313 _

Inplane
F;ber Test Ultimate Shear Ultimate

Specimen Orien- Temp. Strength Modulus Strain
Number tation (OF) (psi)_ (10 6psi) (in/in). Remarks

A3R-R +_450 -67 12.110 0.82 Tensile _ _ __

A39-3 t450 -67 12,170 0.91 Tensil Coq=

A44-10 +45* -67 12,290 0.88 Tensile Coupon

A47-1 +45* -67 12,560 0.98 Tensile Coupon

A50-11 ±450 -67 12,220 0.90 Tensile _o__on

Avg. _ _ 12,270 0.92 .

Std. Dev. 190 0.06

A38-7 +450 72 10,330 0.75 Tensile Coupon

A39-9 +45* 72 10,590 0.81 _Tensile Coupon

A44-4 +45o 72 10,430 0.76 Tensile Coupon

A47-10 ±45O 72 10,340 0.74 Tensile Coupon

A50-1 -45O 72 10,790 0.86 Tensile Coupon

Avg. 10,500 0.78

Std. Dev. 190 0.05

A38-9 ±450 260 7440 0.63 Tensile Coupon

A39-7 +450 260 7780 0.59 Tensile Coupon

A44-7 ±450 260 7500 0.62 Tensile Coupon

A47-7 ±45° 260 7560 0.58 Tensile Coupon

A50-5 ±45O 260 7510 0.62 Tensile Coupon

Avg. 7560 0.61

Std. Dev. 130 0.02

A38-4 ±45O 350 5170 0.53 Tensile Coupon

A39-1 ±-45° 350 5170 0.53 Tensile Coupon

A44-2 ±450 350 5480 0.55 Tensile Coupon

A47-11 ±450 350 6360 0.54 Tensile Coupon

A50-3 4450 350 5170 0.51 Tensile Coupon

Avg. 5470 0.53

Std. Dev. 520 C.01
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Test: Inplane Shear
Materials: SP313

Inplane

Fiber Test Ultimate Shear Ultimate
Specimen Orien- Temp. Strengith Modulus Strain
-Number tation (OF) (psi) (10 6psi) (in/in) Remarks

A40-1A ±450 72 15,110 4.76 Ebl. Rail Shear

A40-1B _45O 72 15,400 6.06 Dbl. Rail Jhear

Avg. 15,260 5.41

AlO-lA 0 72 3220 0.75 r*1. Rail Shear

A10-1B 00 72 3130 1.33 lbl. Rail Shear

All-IA QO 72 2910 0.98 Dbl. Rail Shear

All-lB Oa 72 2980 0.85 Dbl. Rail Shear

A14-IA 00 72 2490 1.18 Ubl. Rail Shear
AI4-1B 0 72 2390 0.74 Dbl. Rail Shear

-'_Avg. 2850 0.97

Std. Dev. . .. .. 340 0.24

AI0-3A 900 72 8360 0.82 Dbl. Rail Shear

AI0-3B 900 72 8410 1.04 fbl. Rail Shear

A14-3B 900 72 8580 0.78 1bl. Rail Shear

A14-3A 900 72 8670 0.89 Dbl. Rail.

A13-2A 900 72 9230 0.94 Dbl. Rail Shear

A13-2B 900 72 9140 0.76 Dbl. Rail Shear

Avg. 8730 0.87

Std. Dev. 370 0.11

All-2A 900 260 6700 0.85 Dbl. Rail Shear

All-2B 901 260 6800 0.65 Dbl. Rail

All-3A 900 260 6850 0.78 Dbl. RIl Sheal

AlI-3B 900 260 6610 0.70 Dbl. Rail Shear

A15-2A 90° 260 6480 0.63 Dbl. Rail Shear

A15-2B 900 260 6440 0.73 Dbi. Fail

Avg. 6650 0.72

Std. Dev. 170 0.08
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Test: Inplane Shear
ioMaterials: SP313 -_

I Inplane
Fiber Test Ultimate Shear Ultimate

Specimen Orien- Temp. Strength Modulus Strain
Number tation (OF) (psi) (10 6 psi) (in/in) Remarks

A12-2A 900 350 ---- bl. Rail Shew

A12-2B 900 350 5160 0.56 Dbl. Rail Shear

A13-3A 900 350 5040 0.61 Dbl. Rail Shew

A13-3B 900 350 5150 0.54 Dbl. Rail

A14-2A 900 350 ...... bl. Rail

A14-2B 90g 350 5610 0.62 ibl. Rail S

Avg. 5240 0.58

Std. Dev. 250 0.04

A43-1A 00/900 72 11,860 0.75 Dbl. Rail Shea

A43-1B 00/90- 72 11,640 0.89 Dbl. Rail Shea

A43-2A 00/90* 72 11,750 0.74 Dbl. Rail Shea

A43-2B 00/900 72 12,090 0.83 Dtbl. Rail

A43-3A 00/900 72 11,520 0.77 Dbl. Rail S

A43-3B 00/900 72 11,950 0.68 Dbl. Rail Shew

A43-4A 00/900 72 11,570 0.65 Dbl. Rail S"

A43-4B 00/900 72 12,030 0.89 Dbl. Rail Shea

Avg. , 11800 0.78

Std. Dev. 330 0.09
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Test: Inpiane Shear
Materials: AS/30 0 4

g• Inplane

Fiber Test Ultimate Shear Ultimate
Specimen Orien- Temp. Streng'tih Modulus Strain
Number tation (OF) (psi) (10 6psi) (in/in) Remarks

C23-1 t450 -67 20,980 0.55 __sile Coupcv

C22-7 ±450 -67 21,560 0.59 ile Caupon

C21-6 ±450 -67 21,060 0.54 eile Coupcm_

C23-6 ±t45° -67 21,420 --- _nsile Coupon

C24-4 ±450 -67 19,030 0.53 rensile Coupon

Std. Dev. 990 0.03

C21-1 ±450 72 16,530 0.63 Tensile Coupon

C20-3 ±450 72 14,980 0.54 Tensile Coupo

C20-5 +45* 72 15,550 0.56 Tensile Coupon

C19-4 ±450 72 15,330 0.53 Tensile Coupon

C21-3 ±450 72 17,440 0.52 Tensile coupon

Avg. 15,970 0.56

Std. Dev. 1,000 0.04

C20-8 t45' 180 12,550 0.50 Tensile Coupon

C19-6 +45O 180 14,650 0.55 Tensile Coupon

C19-8 _45* 180 14,110 0.50 Tensile Coupon

C21-7 +45* 180 15,020 0.53 Tensile Coupon

C20-4 +45* 180 13,080 0.54 Tensile Coupon

Avg. 113,880 0.52

Std. Dev. 1,040 0.02

C24-6 -45* 250 11,770 0.49 Tensile Coupon

C19-1 _45O 250 12,070 0.50 Tensile Coupon

C19-7 _+45* 250 11,890 0.53 .Tensile Coupon

C23-3 ±450 250 12,570 0.57 Tensile Coupon

C21-2 ±450 250 12,450 0.69 Tensile Coupon

Avg. 112,150 1 0.56 1_---
Std. Dev. 350 0.08
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Test: Inplane Shear
Materials: AS/4397 _

inplane
Fiber Test Ultimate Shear Ultimate

Specimen Orien- Temp. Strength Modulus Strain
Number tation (*F} (psi) (10 6 psi) (in/in) Remarks

D27-10 t450 -67 9570 0.85

D29-I ±450 -67 9640 ---

"D28-7 ±45° -67 9390 0.82

D29-9 ±450 -67 9900 0.86 _

D30-3 i456 -67 9642 0.77

Avg. 9630 0.83

Std. Dev. 190 0.04

D27-9 ±450 72 9460 0.77

"D27-1 ±450 72 9320 0.76

D30-5 ±450 72 9100 0.77

D29-4 ±450 72 9320 0.81

D28-3 ±450 72 9600 0.77

Avg. ....... 9360 0.77

Std. Dev. 190 0.02

D29-3 ±450 350 8490 0.56

D28-10 ±450 350 8470 0.61

D28-5 ±450 350 8480 0.51

D27-5 ±450 350 8470 0.51

D30-1 t450 350 7630 0.61

Avg. 8310 0.56

Std. Dev. 380 0.05 14

D30-4 t450 450 8700 0.58

D29-8 t450 450 8330 ---

D29-2 ±450 450 8250 0.57

D27-3 ±td5o 450 8170

D28-8 -450 450 8290 0.45
Avg. 8350 0.541

Std. Dev. 210 0.07
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7
Test: Inplane Shear
gMaterials- T300/Fi 7 8 ....

Inplane
k Fiber Test Ultimate Shear Ultimate

Specimen Orien- Temp. Strenjgth Modulus Strain
Number tation (IF) (psi) (10 6 psi) (in/in) Remarks

E42-5 +450 -67 7150 0.65

A39-1 ±450 -67 7940 0.80

E40-3 +L450 -67 8570 0.80

E36-2 ±450 -67 7860 0.70

E35-4 t450 -67 0030 0.83

Avg. 7910 0.76

Std. Dev. 510 0.08

E35-3 ±450 72 8810 0.67

E29-7 ±450 72 9120 0.69

E40-2 t450 72 9050 0.77

E36-1 +450 72 8240 0.77

E42-6 +450 72 7720 0.71

Avg. 8590 0.72

Std. Dev. 600 0.05

E39-8 ±450 350 7350 0.50

E35-2 ±450 350 7140 0.49

E42-7 ±450 350 7100 0.53

E36-9 ±450 350 7160 0.53

E40-1 ±450 350 7760 0.55

Avg. 7300 0.52

Std. Dev. 270 0.02

E39-9 ±450 450 6030 0.42

E35-1 +450 450 6170 0.41

E42-2 t450 450 5900 0.44

E36-6 ±450 450 6360 0.44

E40-10 +450 450 5990 0.37

Avg. 6090 0.41

Std. Dev. 180 0.03
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APPENDIX G

INTEIJAMINAR SHEAR DATA

All of the interlaminar shear data generated during

this program are tabulated in this appendix. Tabular summaries

of these data appear in Section 4.
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f Test: Interlaminar (Sort-Beam) Shear
Materials: SP313 LiD Ratio: 4/.

Test Ultimate
Specimen Temp. Strength

Number (*F) _103Tsi) Remarks

A35-5 -67 15.00
A35-9 -67 14.89

A35-12 -67 14.57

A35-37 -67 14.21

A35-47 -67 13.76

S" Avg. ___14.49

Std.Dev. 0.51

A35-3 72 12.65
"A35-4 72 12.88
A35-22 72 13.02

A35-31 72 11.88

A35-40 72 13.04

Avg. 12.69

Std.Dev. 0.48

A35-15 260 8.39

A35-18 260 8.86

A35-20 260 8.53

A35-28 260 8.93

A35-41 260 9.11

Avg. 8.76
Std.Dev. 0.30

A35-I 350 7.29

A35-6 350 6.98
A35-35 350 7.44

A35--39 350 7.21
A35-46 350 6.99

Avg. 7.18

Std.Dev. 0.19
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Test: Interlaminar (Short-Beam) Shear
Materials: AS/3004 LID Ratio: 4/1

Test Ultimate
Specimen Temp. Strength

Number (CF) Remarks

C5-29 -67 13.93
C5-8 -67 11.91

C5-9 -67 13.36 _

C5-11 -67 14.54

C5-35 -67 14.09

C38-5 -67 15.23

C38-14 -67 15.30
C38-15 -67 13.94

C38-16 -67 14.13

Avg. 14.05

Std.Dev. 1.02

C1-6 72 10.97
CI-lI 72 12.47

Cl-8 72 12.74

Cl-1b 72 11.31
Cl-12 72 13.26

C5-4 72 10.15

C5-14 72 10.69

C38-5-3 72 11.08

C38-5-12 72 11.54

Avg. 11.58

Std.Dev. 1.03
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Test: Interlaminar (Short-Beam) Shear ]
SMaterials: AS /3004 _,,_ _ L/D Ratio: 4/i

Test Ultimate
Specimen Temp. Strength

"Number (OF) _ 103psi) Remarks

SC5-26 180 9.41

C5-12 180 9.62

C5-24 180 9.8•5

CS-19 180 9.12

C5-17 180 8.41

C38-5-9 180 9.92

C38-5-4 180 10.02

C38-5-6 180 9.19

C38-5-8 180 9.35

C38-5-13 180 9.69

Avg. -9.38

Std.Dev. 0.47

C1-7 250 8.72

C1-9 250 9.55

C5-5 250 8.15

C5-27 250 7.92

C5-7 250 8.35

C38-5-7 250 8.35

C38-5-10 250 8.09

Avg. 8.45

Std.Dev. 0.55
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I Test: inteilaz~nar (SHort-Bean) ShEar

Ma•terials- AS/4397 . L/D Ratio: 4/1

Test Ultimate
Specimen Temp. Strength
Number (F) (!0 3 psi) Remarks

D9-20 -67 10.77
D9-35 -67 15.91

D9-39 -67 18.96

D9-1 -67 16.32

D9-12 -67 11.71
Avg. 14.73

Std.Dev. 3.41

D9-38 72 14.87

D9-30 72 12.86

D9-41 72 15.14

D9-13 72 10.96

D9-2 72 14.27

Avg. 13.62

Std.Dev_ . .. ... . . 1.73 . ... .....

D9-40 350 11.47

D9-21 350 8.71

D9-27 350 9.48

D9-7 350 10.59

D9-11 350 8.71

Avg. 9.79

Std.Dev. 1.18

D9-6 450 7.24

D9-45 450 6.56

D9-23 450 5.44

D9-17 450 5.13

D9-26 450 6.67

Avg. 6.21

Std.Dev. _0.89
281



* Test: Interlaminar (Short-Beam) Shear
* Materials: T300/,178 •io: -- .

"Test UltimateSpecimen Temp. StrengthNumber (OF) ( 10psi) Remarks

E9-5 -67 15.12 ....
E9-12 -67 15.12

E9-17 -67 17.69

E9-14 -67 16.86

E9-21 -67 14.82

Avg. 15.92

Std.Dev. 1.28

E9-3 72 14.10
E9-13 72 14.06

E9-16 72 15.42

E9-4 72 16.08
E9-15 72 14.44

Avg. 14.82

Std.Dev. 0.89

E9-19 350 10.58

E9-6 350 10.35
E9-7 350 10.13

E9-18 350 9.96
E9-9 350 9.86

Avg. 10.17
Std.Dev. 0.29

E9-1 450 8.10
E9-1o 450 7.38

E9-11 450 8.19

E9-2 450 8.07
E9-20 450 8.26

Avg. 8.00

"Std.Dev. 0.36
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All of the tensile fatigue data generated during the pro-

gram, along with residual strengths of specimens which "ran out"
to 107 cycles are presented here. The residual strengths were

all determined with a tensile test at 72*F, regardless of what

temperature the specimen saw during the fatigue test. Summaries

of these data are presented in Section 4 where the fatigue life-

times are reported as log-mean values.

II,.
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APPENDIX I

CREEP AND STRESS RUPTURE DATA

All of the tensile creep data generated during this pro-

gram, along with residual strengths of specimens which "ran out"
to 500 hours are presented in this section. The residual strengths
were all determined with a 72 0 F tensile test regardless of what
temperature the specimen saw during the creep test.

The stress rupture data were also obtained from these same
specimens with the characteristic of interest being time to frac-
ture rather than elongation.

Summaries of these data are presented in Section 4 in both
tabular and graphical form.

In the succeeding tables the specimen numbering system can
be used to identify the material being tested. The letter,

appearing first, in the specimen numbering code indicates the
material, as follows:

A- SP313
C - AS/3004
"D - AS/4397
E - T300/F178.

S3.

•. 315



V

eP3t3 Teeest
Tet: Ce Test: Qrn creep-.....

Orient: 06 Orient: 00 Orient: 00:- iSpec. No:- A2-14 Spec. Vo: A7-4 Spec. No:- AS-5 ..

Temp- R.T. Temp: R.T. Temp: R.T.

St.zres 173.1 )i 90% ult. Streus L73.1 ksi 90% ult. Strews 7 i3.1 ki0 I Ult.
Elap. Accunu. Elap. Aecurn. Elap. coumn.

Time Strain Remarks Time Strain Remarks Time Strain Remarks
s. (Ain/in) (h.) ( /ini) .. tbrs.) (ain/n)j

Eailed or, loading 0 7560 8/6L75 tailed or 1oading
1i i 7560

•:* i ,t 7570.
________ 4 7570 _____

8 7590

- - - - 12 1 7510_____
.. 18.8 .. 77201

24 2730

.31. 7670 slj-e
S.. ~33.8 fa ,.il ...

-- -_.J_ ._

Recovery Recovery Recovery

316



SP313
Test:-- Creep Test: Cren Test: Cree.

SOrient: 0 Orient: 0 Orient: 0.

Spec. No: A3-5 Spec-No, AS-4 Spec. No: A7-14

Tamp: R.T. Temp: R.T. Temp: R.T.

stre~a: 153.8 Iwi 80% ult. Stress: 153.8 Tcsi 80%1 ult. Stress LJ&csiMO%_Ult.

Elap. Accun. Elap. Accm. Elap. f Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
Mrs.) (Min/_in) (hrs.) (5inin)__ _ US.) (•in/tn)

0 6990 0 7574 0 7721 __

1/2 7000 . 0. 7582 0.016 7723
•.•1- 7000,, 0.5 .2594 0.1 77927

2 7000 1 2S07 O. 5 7720

3 7000 2 7595 1 7730

4 700o 1 7604 2 7737

8 6990 72 7595 3 7738

12 6990 120 7604 4 7736S:24 -.6220 lag 7610 .... 7_"741
36 6990 264 7618 6 7746

48 6990 288 7620 7 7750

72 6990 337 7616 8 7752
Ang 2r.1 4• 791 24 77_id

216 7140 _45... 7609 48 7767

240. 7130 _ _4 7610 120 7760
248 7120 168 7770
336 7120 216 7779

384. 17100...8 - . 7778§_432 7100 • . 336 7772

504 7090 ....... 384 7782

694.5 7100 456 7772

S500 7782

esid Sr. 207.7 ksi dSj 18.7.7 ]so esil Str, 188..4.... 4 i

Recovery Recovery Recovery
o 300) 16 0 so

3 290 a. o 1 34
2• ,7 26
3 -8 3 22 _

317



S~~~~~~~SP313 ____________

aet: Cree Test: Creep _ Test: Creep

Orient: 0 Orient: Orient: 0
Spec. No: A5-17 Spec. No: A7-7 Spec. No: A8-§

rTemp: R.T,. Temp: R.T. Temp, R.T ....

Stnies: 134. 6 k 7 .-tkekL Ult. StressýIcsi f ult.

IEap. Accurm. Elap, Accum. Llap. Accumi.
Time Strain Remarks Time Strain Remarks Time Strain Remarl-
(hrs.) (Ij A in)in) (hrs.) (-iniin) Crs.) (gin/in)

0 6515 0 -- 5860 0 6804

0.016 6534 0.5 5860 0.016 6807

21 0•. ____ 5860 0-5 6813
0.5 6537 2 - 5870 6816
•1 -654 3 s870 2 6813
2 6540 _ 4 5840 3 683
3 6540 .. 8 5840 4 6814
4 6540 12 5820 S 6822

6 65S42 36 578 _____ 7 6A2
7 6543 48 5790 8 6827
8 6543 72 5750 72 6834

_ 24 6550 168 5790 120 _ 6842
48 6556 _ __ 216 5790 _168 6834S I 12 0 655 6 2 4 5 80 '240 6 3

168 6556 336 5770 289 6830
216 6557 384 5780 336 6828
288 432 5800 408 6831
336 6578 527 5820 456 6829
384 6573 _ 530 5840 500 6819
456 6577
502 6576 1

.ki Re-ASl S_. Ini_ kn ResiU. Str. 158.4 kas

R ecovery Recovery RecoveryI0 110 0 71 0 26

94 2 8
3 91 3 3
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. SP313Test: r:ipa________ Test: a -reep.
_Orient: 0,---- Orient. 0 . Orient: 01

Spec. No: A3-4 Spec. No: A5-18 Speac No: A7-3

Tetrap; 2600F Temp:- MO Temp: 210F

St•-: 157.2 ke 90% Ult. Strms: 17.2 k*i 904 Ult. tsra17.2 kxi Uc.

Elap. Acctu. Elap. Accuou. Elap. Accuw,.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
•. #A- fin ILAI) (hrs.r) _(in/in) ____ ,..) (Wii/In)

0 7605 0 8360 _ _ 0 7948

1 7634 0.016 8720 .016 8418

2 763. 0.1 Faure _ .06 8443_ _

3 7634 - - -)___ ____ .1 Failure -

•:" 6 ~~7652 ... !

7 7660 .,, _

24 7668
48 7689
72 7694

144 7750-

240 7741 .. .-.
312 7750 _

360- 7770 _ - -

408 7779
480 7803 .
504 7800

_____. Str. 208.9 ksi________

Recovery Recovery Recovery

0 151 _

1 133
1 28 _____ ____ ____2312

3_ 125

S~319



Oriet: 0Orient- Orient:

Spet- N Spec. No: - Spec. No: A7-5

Tomp: 260*L Temp: 2600P~ Temp. 260*P

strewa:_U9. 8kSi 80 0uLt. Stuns -139. c~8 so16Ult. SUWSL39. kai 80 ult.

Mlap. Accum. P.Accuui. ELap. Atcurn.
Tins* Strain Remarks Time Strain Raw ks Time Strain Remarks
jLZ4. winnu) ______ b (ri/x) _____(r.) (Ailnfin/im)

0 7940 0 7021 , 0 7032

0.016 8418 0.1 7060 . 7044

0.06 8443 0.33 Fnj.1w1  .5 7049016. 

-asx 
_ 

-
-2 

2 l
_______ 2 7050 _ ___

-. 4 7056

24 7028

-; -. [.. [11 7054

__- __ ., 3 _67 7085

- -15 7098
35 7120

7 7132

__ResiU. Str. 195.7 ksj

Recovery Recovery Reeovery

0 134

1 134
2 134

____________ 3 130

3 1

320



A
S?!313

Tet CreeB Test: CePTs re

Orie:nt 0 orient: o Orient: 0o
Spec.No: A3-3 Spec.No: A5-15 Spec.No: A7-8

Temp: 26JeF Temp: 260F _ Terrip: 2609P

Stc" 3M22.3 ki70% ult. Strew-: 122.3 kai 7 ult. Stroula3 ki 2.M. 'u't-
.lap. Ac ,I,. Elap. Accum Elap. Accur,.

Tlmuo &rain Remarks Time Strain Remarks Time Strain Remarks

fbx .) (JA binlin) __h___ as. (lJ W in) (hrx.)4 Ij ihulin)
0 6236 0 6240 0 6392

0.5 6232 10.5 6252 D.5 6400

1 6233 _____ 1 6254 1~ 6400 ____

""..L . ! -- __ _ __ _ . . • _ 2 6404
3 6240 _ 3 6260 3 6404

4 6240 4 6262 4 6404 ____

5 6240 _o5 6264 5 6404
6 6240 6 6267 6 6404

'!7 6240 7 6267 7 6404
Sa 6236 __a__ 27.__ 2. 4 _ _

120 6256 72 6322 48 6428

168 6274 _120 6348 96 6442
216 6276 _ . . .. ._ 240 6403 _68 6500
288 6293 288 6418 _36 6586

336 0 i5300236 A427 84 6600S384 6302 ,.408 •6470 A_• f678

i56 6316 456 6485
504 62 •52 4 6 504

Resi4- Str. 150.1 ksJ Residi §t 6.5ks Resid Str. 126k

Recovery Recovery Recovery

0 92 0 275 0 346

1 66 1 263 1 341

-3 , 63 2 263 2 330

3 62 3 263 3 328
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SP313

Test: Creeo Test. eg" Teat: Czesp

Orient: 0* Orie•t: . Orient: 00
Spec.No: A7-10 Spec. No: A-13 Spec.No: A7-12

Temp: 3500F Tamp: 350OF Tamp: 350*F

Straw 127.5 iwi 9C ult. Visk_-a;2jji. ult. strtsj•wi uit

Elap. Accuo. Ejap. Accum. Elap. Accum.
Time Strwain Remarks Time Strain Remarks Time Strain Remarks
"ft-.l I (Pjinin).)_ _ _ e.) (Ain/in) _ _ .) sin/ _n)

0 6783 0 6604 0 6693

0.1 Fail~ure ____ 1 6728 _ ___ 1 6 880 ____

- -_2 673- .5 700

3 6740 .6 7019
4 6747 .6 Failure_

________ 5 6752 _ ___

S_ _7 6775 ..

8 6779

_______ 75.3 7288

120 7528
-68 7537

________ ?40 7718 _ ___

288 7791 .. ___ . _

_336 7908

"_____411 7900 _--

457 7921
S4.0 7929 _

504 7935 ,. _

aesid Str. f.Sg*O ksi

Recovery Recovery Recovery

_______ 0 970 -T____

___"_ __ 1 1000 i [iI____2____ ___

3 1020

322



Test: Crep Test: Creep Test. Creep

O rient- _ Orient 0: Orien : 0*

Spec. No,. ..3 . SpeC.NO: pS-1 Spec. No: A3-11

- Temp: 35 -F Temp:.. 350 Tamp: 350O_.

S tr a w . .4k si- 0 Ul t. S tm n s . s j I t u lt" S tre s" I J p i A D U lt-

""ap. Acc, .,. 'ala. Accu u M.ap. Accum.
*Time Strain Rernarks Time Strain Remark Time Straim Remarks

ax.) (A in/in) _____ (hrs.) O&Wiiin) (hra. _Igir/in)

a 5900 0 6463 0. .5875

0.1 5923 0.2 6470 0____ .5 5935

"0 . 5 5 s93 7 0 .7 6 4 8 6 _ 5 9 5 8
1 5949 • _L, _2 - 492 2 _97_9

2 5952 .3. 2 4 . . _. 6496 5993
3 5954 4.2 6501 4 6014
5 5963 8.2 6496 5 6Q22
6 5967 23.2 1 6491 6 6041
7 5976 48.2 6524 1 6051 ....
8 5 9 7 8 L2 0 . 2 6 7 1 0 8 6 0 § 5
21 _12_1_ AL8-2 6922 _ _ 2t 6266
48 6094 -20.2 6940 4____ ;48 __6

72 6176 _ _ 91.2 7057 §6 L771
144 6479 |36 .2 7113 _686 70 25

192 6567 _ I.2 716 4JL 71_
2 4 0 6 6 ,6 7 156 . 2 7 2 3 8 _ I L 6.. 7 2 8 4

312 6758 _05.2 7284 36 7473

33 6 0 6 8 3 7 

3 4 7 5 8 8
0 6885 

.. .,2 
t7A 8_

4 8 0 6 8 3) 4 
-..

0 4 J 7 8 0 2

504 6911

Re .i . Str. 219.0 kfii Resid Str. -56.4 ksi aid Str. 178.3 ks

lRecovery Recovery Recovery

0 1130 1 0 866 .0 2038

I 042 
1 794 

1 1933 
,

.2 1036 2 781 4 1912
311020 3 776 3 1903
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Test: Czee Test: crew__ Test: e~ e-SOriet.= no Orint + 4Orient: no

Spec. No: A-1 Spec. No:j Spsc. No- Al-j

Temp: 350OZ Temp: 35Ep Temp: 350 GF
st~a L-tý Stsi9-2 aU

Elap. Accun. Elap. Accum. flap. Accurm.
Time Strain Remarks Tim* Strai Remarks Time Strain Remarks
(bra.) (AZ Wjah)1 __ (hr..) (Pi1n/in)____ (h"..) win ii ___

0 6170 _ 0 5196 0 5084
' 0.5 11•2-. O.S 5250 24 5100 _____

1 6172 1 1 5260 72 5545
2 617 2a S284 146 5962
3 6172 3 5300 194 6135
4 6172 4 S307 266 6366

5 6170 5 5321 31,4 3 4 473
-. 6 6170 6 5329 -

7 5331S24 6170 24 5450 .

48 6200 48 5546
72 6$240 9f 56 641

96 6264 168 5687 _ _

144 6287 _21 51., as"
192 6295 _264 5696 _____.._

240 6270 _ 336 5673
312 6272 .. . . 384 5672-
360 6268 432 . _5_
[408 627850, 50

504 6304

ifi

Resie Str. 123.0 ksi Resid Str. 164.6 ksi Resi . Str. 199.4 ksi

Recovery Recovery Recovery

"0 1144 0 373 0 13721~ o 110 1 77 1 131-8

2 1090 2 265 2 1318
3 1090 3 263 3 1319

324



"; SP313

Test: Creep Test: Creen Test, Cree=

Orieexnt; 900 Orient: 900 Orient: 900

Spec.No" A27-3 Spec. No: A30-7 Spec. No: A25-2

Tamp: .. T. Tamp: R.T., Temp: R.T,
r:• ~Sres=,. 3.93 8Lf _ ult •. twszmm • ._ ul P~• .., t.

+ Eiap. Accwm. Elap. Accurn. E1ap. Accure.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
fts.) (C Jin/*n) M (IAtlnin) _(br.) (Ml/in) __li__)

0 3068 0 railed <n loading 0 Failed loading

0.1 3114

0.2 313b .. ..
0.5 31S8___

1 3172

2 31__ --2

4 3197
5 3201

72 3250 _
168 3309 ____ ____

288 _ _3375

2)•)408 34036____
336 43403 ____ ____

408 M -

456 3417
504 3434

Resid, St~r. 5.41 ksi _

Recovery Recovery Recovery

0 433

2 302
3 295 ,,

325



SP313

Test: Creep -Te st: e,- TeR; Creep

Orient: 900 Orient-: 900 Orient: 900

Spec. No: A25-9 Spec. No: 830-11 Spec. No: A32-7

TemF: R.T. Temp. R.T. Temp: R.T.

Stress: 3.44 ksi 70% ult. Stress: 3.44 ksi 70 % ult. Stress 3.44 ksi 701 ult.

PElp. Accuam. Elap. Accuni Elap. Accwm.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
AMr..) (AS in/ i) ______ (ra) fluinlin) Mr. A i)

0 2506 0 2636 0 2683

1 2610 1 2719 1 2767

2 624 2 2735 _ 278
3 2635 3 2748 3 2795

• 20- 2_4 20 2741 -20 _2a3

S.24 2692 ,, 24,_ 2812 2•4 2859
•(.,72, 2701 72 2920 -2• 2 2a6S_

144 2758 144 .Q -880 144 2926
.192 2794 192 22- 19 2964 ____

.,236 281 _ '236 294.5 926.,i .2288 i .
°-308 279S .308 2 920 3o2 296

356 2826 35fi 29§A 35 30
404. 2841 404 2975 404 3018
476 2898 476 so_ 3042 476 3079

.esid Str. .41 ksi Resi t 37 .sj Bjji Str. 4.91 kni
- Recery,

Recovery Recovery Recovery

0 267 0 347 0 370
1 198 1 262 1 225

186 _ 2 247 ..... 2 263

S15. 121 _15.5 174 15.5 191
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SP313

Teat: 'Creep Test; Cree- Test: Creep

Orient: 900 Orient: 900 Orent: 90

Spec. No: A31-4 Spec. No: A2 3-11 Spec. No: A27-9

: •Ter: R. T. Temp: R.T. Temp: 7.T.

Sts: ~ -ati.~D ult. Stxcs. 2 -9A 8 ifL7 Ult. _tes2,94 kai 4l alt.

Jlp cun lp Ic~ Elsp. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remark.

_________, (hrs.) I'min/tr.) _____ (hrs.) E#in/in)
0 2275 0 2300 0 2355

f 0.2 2322 0.2 2366 -, 0.2 2405

0.5 2348 Q.-5 2,87 _ .5 2430

1 2360 1 2407 1 2456
2 2378 2 2419 2 2461

4 2394 4 2440 4 2485

_ 240,, 2148 _ 24 . ..
6 2410 1 ..... 6 2454 6 2493
7 2415 7 2457 7 2496 .....

-. 8 2416 a 2161 8 25I- -

24 2444 24 2489 24 2527
96 2461 96 2514 96 2555

P 44 2493 ,144 2g4L 144 2591

192 2505 192 2562 92 2610

264 25 264 257_
312 256i ,31 2629 32 2683
360 2600 360 2,664 __0 2721
456 2668 456 2739 456 2810

4n0 2706 480 2.182. 2864
504 2679 504 2752 _04 2826

Resid Str. 4.52 ksi Resid St.r•.5.4 kid. j. 3.84 kt

Recovery Recovery Recovery

0 460 0 522. _. 573 1

1 ,3.2 1 4.25 . 8

2 379 2 407 2 471
3 3 69 . .. 3 297 2 4 62

327



SP313

Test; Creep Test: traelk Test: CK2212

Orient. 920 Orient: 9go Orient- 0

Spec. No: A24-11 Spec. No:A28-1 Spec. No. A2-9

Tamp, 2§201 Tamp:, Z2 -F Temp: 26oer

S2*.2Lksi..JQ ult1. Stress: 3J3 ke.M ult. StXessLjwtX ut..

X1ap. Accum. Elap. Accum. Elap. Accuan.
Time, Straniz R emarks Time Strain Remarks Time Strain Remarks
(hs. ($Lj(n ____ br. P;&lx h.) ~ihx) _____

0 3211 _____ 0 3015 _____ 0 2995 _ ___

0.016 3447 _____ 0.016 3118 .016 3102 ____

0. _33 1. 3209 ~ .1___ 12L. 31 ____1_

02 Failure 0.33 3270 [.2 3286 ____

- - ~0.5 3285 _____ .5 3278 ____

1 331-1 1 3317 _ ___

_______ 1.33 Fadlura 2 3352 _ ___

________________3 3400 _ ___

4 3420 __ __

- - - _____ 3430 _ _ _

- - - - ______ 6 3436 _ _ _

_______ 7 3438

8 3442

_______ ______ ________ 2f- 3446 _ ___

_______ ______ ______ _______ 49 31032 ____

73 3570
_______ _____144 3698

_______193 4820

______ ______240 4834

______ _______12 4870

______ _______ ______ 60 4890

______ _______08 4895

_______ _______so 4921

_______ _______ _______ 04 4922

______ _____ id. Str. 4.12 ksi

8 ecovery Recovery Recovery

.A......2121 ____

_____ ___F 
2 1865 ___

j - __ _3- 1839 _ _ _

328



Test: Creew . Test: e".. Test: Creep-

Orient: 900 Oriet: 900 Orient: o90

Spec. No: A26-2 Spec.No: A26-11 Spec. No: A28-1

T*=p: 260*F Temp: 260FP Temp: 260*F

St:8: 3.10 ksi65% ult. Stmer : 3.10 ks 65 % lt. Ste 3.10 ksi 65 % ult.

Elap. Accurzx. Elap. Accm. EMap. Accunu.
Tizue StraiU Remarks Time Strain Remarks Time Strafn Remarka

~~~~~~(hre.) (JS n/in) M____ ~nir)_____ (rs.) CAivk/in)

0 Failed cn loading 0 Failed cn loadin 0 2550
- -- - 0.016 2603

0.5 2720
_ _1 2740

2 2772

S3 2790

4 ________ 4 2815 ____

_-___.... .. . . ... . 5 2828
6 2839

7 2852
8 2860

24. 2971
-101-. Failure

Recovery Recovery Recovery

329



•'"SP313

Test: Cree.. Test: Creeo Test:* Creep

'Orient: , 9L0 Orient: 904 Orient: 9Q*

Spec. No: A26-4-- Spec. No:. j __. Spec. No: &31-2

Temp: 260,F Temp: 2600F Temp: 2604r

Struz 2.86 kxi 60% ult. Stnm: 2.1§ k I& ult. Str," 8 _£Ji9 ult-

Elap. Accum. El.p. Accuzn. E&ap. Accmu
Time Strain Remarks Time Strain Remarks Time Strain Remar&

Mrs.) (A inb/l) . .... (hrL.) (M/ini) (hrs.) (tln/in) . ..

0 Failed on loading 0 2535 0 2566

-r- 0.016 2605 ...._ "016 2707

- -, :: - • • • 2644 _ .1 2767

-- 0.4 2645 _ .4 2299
_______ 0 0.5 2646 _.5._ 2796

____..... 1 2662 1 2810

- - .2 __7 2 .. 2823.. ____

_- 3 2676 3 2836

4 2677 4 2848
5 2681 5 2856

6 _ 2680 _ 6 2860

7 2679 7 2864
8 2679 8 28713

- -24 2664 24 2941

48 2673 48 3000

120 2742 20 3107

169 2782 69 3145

- - 217 2821 _ _ 17 3181 ___

288 2875 as8 3248

336 2907 336 3290

384' 2936 384 3332

456 2977 ,_56 3380

50_4 3000 504 3406

Residi Str. 4.96 ki ,sid. Str. 5.37 kni

Recovery Recovery Recovery

0 570 0 928

1 510 _1 828

2 492 2 835
.3 4J77 3 792

P
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S~Sp313-

Test: cre e. Test-__Cr- Test: . . ,-Cr

O r i e t - .9 . O r i e n t : - -9.. O r i e n t :. 2 0 &

j Spec. No: &32-5_ Spec.No: A30-10 Spec. No: A28-3

Temp: 3S04'1. Temp: as a Temp: 3sgp •

Elsp. Accun - Elap. A ccu.. Elap. Accur m.
Time Strain Remarks Time Straaiu Remarks Time Strain Remarks
.. s. 1 I n/a)p _ _. j ( iu/iin) (r .) (Ain/in)

0 J y a i l . d c n l o a d i n g 0 2 9 2 8 ... . -0 2 6 2 0

"_0.016 3230 )0.016 2742

- - 0.03 3311 0.1 2916
S0.1 3765 0.2 3034

0.13 3834 0.5 3360 ....

Failure Fai 1u e

mf

Recovery Recovery Recovery

"331



1SP313

Test- Caw- T est: Creto TeAt: Creep
Orient: 90 . Orient: 90' Orient: 900

Spec. No: A31-8 Spec. No: 4-9 Spec.No: A28-Il

Team.p: 3SCb'F Temp: 3S0oF Temp: . 50sp

Clap. Accturn. ELap. Accun. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
.- L in/in) Mrs.) (Juin/in) - (bra.) (min/in)

0 2182 0 2166 0 2245 ....

0. 2305 0.3 2691 _).25 2654 ,

0.1 2517 0.5 2815 ).5 2802

0.2 273 ; 3 -7 1 2946

~ ~ ________ ~ ~jj.2 3151 _ ___

11 2990 3 3438 3 3343

2 3233 4 3557 71 Failure

r3 3_384 5 3632
4 1 3497 6 3712 __!•-.......S 3616 "7 3"789

6 37676 8 3843

12.4 Failure 24 5006
48 6006 1
72 6597

127 m ailur.

Recovery Recovery Recovery

332
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_______ ______ ______SP313 _ _ _ _ _ _ _ _ _ _ _

T est: Cr@M Vogt. C Test.- am=_____

Orient: 900 Orienlt:go Oriant: 100
Spec. No: ba2-d4 Spec. NO: A32- SPeC. NO: A22-10~

Tamp: 3506P Tamlp: 1500? Tamp: - sp.r

Map. Accumn. Elap. Accwn. mlap. Accuru.
Thime Strain Remzark~s Time Strain eak, ii taz~IRxak

a. (A izn/ian ____ (hr.) -fliLEn- /(in)u
0 Failed caloading, 0 2213 ___ 0 1786

_____ 0.016 2655 0.016 1316
______ 0.033 Failure 0.1 -1991

______0.2S 2025

0.75 2085
- -_ - _ 2101I

_______ 3 21250

______ ______ 4 2236

_______ 5 2280
- - - 6 2303 _ _ _

_______ 7 2338

________ a 2378 _ ___

______ ~24 2792 _____

48 3204 _ ___

P96 3719
________ 68 14210 _ ___

16 4465 ____

64 4685 _ ___

_______36 4966

________ 32 5241 _____

______00 5433

______ Resi - Str.

RecoveryReoeyRcvr

H ______ ______j2 3182 ___

333



•Ii ,z

S5S1313

Test: Cr=e Tes. r-e~. Test. rat

Oriai.,: +45 Orient: +450 Ot 5

Spec. No: 4KSI-7 Spec. NO: A56-5 Spwc. No: A62--10

Tamp: R.T., T*mp: R.T. Tamp: R.T.

S.trm: 18.89 kai 90% ult. Sterm: 18.89 ksi 90% t.. StxessLks...% ult.t

SE1ap. Accurr. Elap. Accwn Elap. Aceum.
Time Strain Remarks Time Strain Remarks Timne Strain Remarks
fhs. (p& ha/in) _______ (~IAix&i) ____ (hra..) (jiin/in)____

0 8720 0 10,000 0 9030

....... Failure 0.016 11,213 ).016 9910

0.1 12,145 0.5 11,361
""-____ 0.25 12,694 1 11,643

____ 0.5 13,064 3 12,308

1 13,474 _____ 5 12,638 ____

1 211.92 6 112.774 ____

3 14,181 7 12,880_
4 14,405 8 12,986

*5 14,600 24 14,113
• ___ 6 14,785 10.8 Failure

7 149,325
% :8 I~tOg45

1__ 1 24 15,997

_-_ __ . . ...48 16r888
53.9 Failure _

Recovery Recovery Recovery

334
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SP313

Toest CrEe Test: Cramp.________

Orient: +450 Orient: ±456 Orient +450

Spec. No: A48-1 Spec. No: A54-11 Spec.No: A

Temp: R. T. Tmp: R.T. Temp, R.T.

ult. str;auu j.4AL% Ul ut. stresas1,79 si._ 0. ult.

M1ap. Accum. EIAP. ACCUM ELAp. Acam.
Time Strain Remarks Time Straln Remarks Time Strain Remarks

0,a) J intIin) M____ (rs.) (Ain/in (hra.) (gintmin) _____

0 7904 0 Failed Xn loading 0 8525

0.0161 8565 D .016 9200

0.1 9034 0.1 9685

-02 9. -2 QAq.
0.57 9560 0.5 10,173

0.97 9717 1.2 _0.482

2 9964 .6 1.. L -~
3 10,116 3 10,826 __

4 10,230 _ _10.940

t 5 10,308 5 L.5

6 10,383 6 11,ill
7 10,40 7 11,185
8 110.514 8 _11255

24 11,002 24 11,736
48 11-.392. 49 .12-.0
72 111,657 72 12,369

144 ý12. 143 1, 44 [2.-49

192 12,598 ..... 9 .3.283: 240, 13, 156 14 3,790

312 13,437 _12 L4.033
360 13,584 _60 14,165

408 13,330 0o8 14,303
4280 13,491 1~n 4 -414;

504 13,542 - .. L04 U.4. 478

Resi Str. 20.66, ksi _ _Resi _21r. 20.55 ksi

Recovery Recovery Recovery

0 572S . 6152
1 3658 1 3750

_2_ 35_ 2 11 __

35.249 3 3358

335



SSP313

Test: Creep Tort* Crae. Test: Cret

Orient: __ _45 _ Orient: ±45# Orient: ±450

Spec.No: A62-4 Spec.No: A54-2 Spec. No: A55-9"

Tamp: RT. Tamp: R.T. Tamp: RT. _
Stss: 14.69 _i704 ult. Stress:_j _ksi70% ult. StMessM .isi .. ult.

Elap. Accur. Map. Accum. Elap. Accumn.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hre.) UA i ____In) A!..) (#inlin) h.)(tiln

0 6396 0 6506 0 6470

0.016 6779 0.016 6820 0.016 6939

0.1 6997 0.1 7254 0.1 7184

0.5 7245 0"2 7442 .3. 7442 ..
1 a40 -. 0.5 -7252Q. Q5 758L _

2 7413 1 7741 1 7670

3 7536 2 7893 2 7829 1
4 7573 3 8000 3 7913

5 7617 4 8062 . 79S5
21 7892 - 9 115 5 8Q25

48 8078 6 1• 8__z _ 8060
"72 8179 7 8203 7 8090

144 8330 8 _____24_ a_ 8114
192 8503 24 8505 24 8350 ....
240 8620 96 e8Q88 48 - R50

336 8899 144 9018 !84.25 Failure

360 8985 168 9129 *Snecimen hkkd .020"
408 9070 208 j 9624_ notcl in side near edg4
480 9175 312 9702 of tab before testing

504 9210 360 9862

432 10,021.
480 10,034

.... 504 10,042

Reaid Str. 22.2 ksi Residj Str. 20.79 ksi

Recovery Recovery Recovery
0 2760 0 2868

1 1606 1 2610
2 1508 2 2443

3 1439, 3 2320

336



SP313 ,
Test: [TetTCeeest, Test; CreeL

+45_______ Orient _______ Orient- +4S*

Spec. Xo: _M7.- Spec. NO: A62-11 Spec. No: Ak2-3

"T.xp:. 2600F Tamp: 260*F Temp: 2600P

flP. Accum Elap. Accum. 1Map. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
f"s.) (A Win) h_.)Malin (,ihrS.) in)l• ,n

0 8500 _ _ 0 19830 0 8940

0.016 ],qO 0.01611,1 0-.016 10,627

:0.25 13,465 .25 14,827 0____ .25 14,919..

0.5*** 14,518 _____ . 16,034 D____ .5 15.784 ____

1 15806 _ 1 17,667 _ 1 16,620
2 17,065 1.25 23,200 2 .5 18,065 _

3 .17,135 .1.33 50,.000.. 3 18,.437
4 118,394 No data _ ___ No Data - Gag ____

5 19.650 SA__ n crrea.r tja _ .. tiled.
No data, gage failed limit of ind cator 500 Run-Out

"360 Load taen off 360 Load taen off _

Resid. Str. 20.61 ksi Resid Str. 21.07 ksi Resic. Str. 21.52 ksa

Recovery Recovery Recovery

337
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SP313

Test- Creei es:ro. Test. gNM
Ore:•: +450 Orient: +451 Orient, 4

Spec. No: A53--2 Spec. No: A57-9 Spec. No: M62-5

Temnp. 260O . Temop: 26g= _ Temp: 260*r

Ulm, •, .t. SLM":-.z.• ,L Ut. m:,,,:, z.•l _• M - .Mit

E1ap. Accum. ELip. Accum. Flap. Accum.
Time Strain Reozmks Time Strain Remarks Tim. Strai Remarks
(bro.) ojtin/ in) ______ (ra.) {Jwiiiii) _____ rsj(in!) ____

0 6484 0 ,7496 0 5785

0.016 7259 0.016 7996 0.016 6564

0.1 7952 . 9136 01 7488
0.25 8422 0.25 9850 0.25 8000

7,S. 170. 444 10.14,0 25- _13_92

1 9218 1 10,830 1 8595
2 9639 2 1,400 2 82894
3:_ 9850 3 • . .5

4i !104040 4 1,2,270- 4 9180 . .

305 10,206 5 12,336... .... ... 5 .928710,O334 6 12,507 6 9379
4Jj.10,4.43 7 12.652 1 9455_____ 3i...3~-.
S 11015,]3 _ _" 8a 12.777 _ 6 9,53324 !11,206, 24 13,648 •4 10.100

48 111,735 48 14,297 48 14 0 532

120 12 __81 12Q_ I ,.4 1 20 I .- U-
1i8 13.129 ..16__i 15,202 2ie 11,60 0

240 13,457 240 15,360 216 11,877

312 1,3.947 312t160 10o 2_8 174 236
_360 14,221 _ 360 116.67g_ 336 12,t"6

4 78 1 84,430 40 17.060 3J4 7176 _4
480 14,715 80 17.649 456 14.000
500 14,716-50 17,794 Sol 14.460

esidj Str. 19.65 ksi Isid.tr. 2l.79 kal sidl Str. 22.02 k_ i

'R ecovery Recover•y Recovery

0 9167 " 0 .11,521 0 9318

1 $166 1 !10,063 1 7474
2 7918 2 9800. 2 7176
A 779i 3 9570 3 6963.
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•- 5P313

Test: Teak: Creep T- - Crrest:

Orient: +45 Orient: +4 5 Orient: +450

SPec.NQo: A53'-6 Spc o s-gSpec. No.,571

Temp:. 2600F Temp:. 76 Ternp: 26026

Strom: ui.. lt. StxV5: ,.jkL.1 Ult. s8--I 10.51 kaL__.•ult-

Elalp. Acctm. Elap. Acu Elap. Accuni./
Time Strain Remnarks Time Strain Remark~s Time Strain Rinary
CJE.r imn/ in) _______ (iliain)(r.)U /i .

0 6185 0 5854 0 5855 .
0.1 8770 0.016 6724 00.06 6479

_To data 0.1 '402 .1 72 -C .. 0

gaV fa led _0.25 7806 __25- 7666 .- _

500 load tsaýn off 0.5_ 8074 5.5 ,95,4
_ IRun-out _1 8391 1 8297

2 8690 2 1 §47
_______ 3 18870 _____ 3 8864___

_____ _____ 5 9138 _____ ___oer ____

__4__9048 _____ 9089 "____

S--: -6 9308 . 6 9204
7 9500 7 9268

,, , L 10-108 _.8. 9340

48 .-. 8 24 9955 _

- 120 11,295 48 10,400 :- - _ 48L U•.08 4 95

, 168 11,656 ].0 11,094

216 11,991 _68 11,422
.288 1A44 w 11.687
336 12,691 _88 12,041

_____ 384 12,943 36 12,251S456 13,490 2''4 2,45

_____ ______ 500 13,779 56 12,598 ____

S500 12,683

Resi . Str. 21.43 ksj FiDsid .Str. 21.04 ksi Resid. Str. 20.23 ksI

ftRcvry Recovery Recovery

_ _1 7523 1 6640
--. •2 7330 _,, __ 2 6445

__3 7225 3 _6341
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SPI13
-fTest: V e at: Cree Test: Creep

Oren- +40+5"+5
Orient: +45 Orient: +

Spec.N o: A56-2 Spec.No: A51-1 Spec. No: A57-5

Temp: _ 350*F Tempp: 350*F Temp: 3506F

Stress.. 7.66 -k 70% ult. Stress: 7.66 kri 70.% ult. St rss . ks 70. u.t..

Elap. Accut-.u Elap. Accun.n.
Time Strai a Remarks Tinge Strain Remarks Time 'Strain Remarks
Mbrs.) (Ipizx/ 1 n) ______ (hrs.) (Aiin/in)_____ r.) ti/)_____

0 6190 0 0 5422

0.016 8268 0.016 )___ ____ .016 6453 ____

0.033 9467 0.033 )_________ .1 8066 ____

Q, •1k6 15.89o o•I I 11. 724

0.25 18,227 _____ 0.166 2 13_2.27f ___

0.3 127,350.. A.5 3.... 14.424_
_ No daot 1 _ _4 15,4§0

500 Load taen off 3 _ _ 6 17,120

No fail ire 4 7'_ 17,684

_ _-5 7.5 18,020

_6 .lo data
___No data . _ &ge fai ed

___Gage - aled

__500 Wad tak in off

504 Load tak ,n off No fail e
___No fai .ure

Drama ic neckd wn
_______ width reduced 8%
_____thick ess unch anged

Resi. Str. 19.68 ksi Resid. Str. 19.6 ksi Resil. Str. 20.7 ksi

- Recovery Recovery Recovery

S......... 1340
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SP313

Test;- gK4 Test:- Qrm Test., Cgeeo

Orien: 5 Orient: *4 _ Orie~nt: 45

Spec.No: A54~- Spec. No. A56- Spec. No:AS-
Temp: 350OF Tamp: 350-F Tamp: 35007
.Stre~s• 4.37 kl .L 'lt. ,.StzesS' A.i• .ji Ult. Stas4 _i .. '2t.

Elap. Acauimi Elap. Accumi. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hra.)1 1 {uia) _ _ 4!.)3 (SIn/in) (hrs.) (Min/in_)

0 1 2382 0 2532 0 Failed loadinu

0.0161 2660 0.016 2674 .

0.05 2 2954 0.05 2875i.... .

0.3 4062 _____ 0.21 3976•.'0.4 .... 4492 0.3 4181
O's: 469 0..• J,4 4445

1 5486 0.5 4700
2 6444 1 4916 .
3 7121 .5961
4 7750 3 7226

5 8541 4 8121

7 9000 6 9947 1
8 9267 _7 10,540_ _ -

is !i,__2 8 10_ 880 .. .....
24 13,650 15 13,222
48 117,141 ,24 15.835

57 22,105 No Noata
S58 31,982 Ga ý failed

No data _330 test ea minate-d
Galae ailec No fail re _

•r ,330 test tearinated

____No fail ure

Recovery Recovery Recovery
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_ _ _SP313
Teo_: _ greoe Teat:_ Gru Test: Cre_

Orient: .+45 Orient: +454 Orient. +45"

Spec. No: AS1-11 Spoc. No: A57-7 Spec.No: A62-7

Temp: .35-00. Temp: 3A207 Tamp: ... 3s

Strema :_jzs±.. 20% lt. Stras;~~i~tl.ess:~ ~ '4 ltt

Elap. AccutIu Elap. Accn. Elap. Accur..

Time Strain Rema T ens Time tAita Remarks

0 1210 0 5715 0 1270 ..

0.016 1483 0.016 7207 0.016 1294

0.1 • 1 1524 0.1 94Q 0Q.1_ i.3a§
gf .25 1590.25 9715 0-25 147fi

0.5 1595 0.5 No data 0.5 1542
1 1652 - QAm ga Jig& 1 1627
2 1747 2 1749
3 1816 . . .. . ... 3 1827
4 1886 , 4 1896
5 1941 5________ 1949 ____

"6 1998 6 1999
7 2047 7 2 42
8 2090 8 2088

72.5 3842 72.5 3400_
120.5 4598 120.5 g3_99
168 5088 1628
240 5674 240 9.27
288 6045 288 9203
333.5 6352 53.5. _2402

432 6853 2 131
456 6971 2_6 9577
500 7212 .50 test Minate 50 9625

Rest Stx. 20.48 ks Resid, Str. 115.24 kai, esid, Str. 18.94 ksi

Recovery Recovery Recovery

0 6247 _0 8662

j• J 5989 ... 2 8368

3 5939 3 8309
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AS/3004
Test: Creep Tee.;• ren Test: Creep

Orient- 0 Orient: O0 Orient: 0

Sp¢c.No: C9-2 Spec. No: L... Spec. No: C12-7

Temp: R.T. Temp: R.T. Temp: R.T.

Strew: 3M.503_kt.80%_Ult. Strews 150. 3 Jcsi 50. iiLt. StresSIM 3 id 8M I ult..

ElAp. ACC,-. Elap. Cur,. Elp.1 Accum.
Time Strain Remarks Time Strain Remarks Timei Strain Remarks
(hrs.) (9 in/in) -IE_ (.-) (PJinIin) Ara (l)in/in)

0 7465 0 7622 0 8684

0.016 7471 ____- 0.016 7633 _____ 0.016 8692 ____

0.1 7476 0.1 7636 0.1 8719

0.25 7482 0.25 7636_ _ .5 8722So*s 7482 0.5 7636 - 17J3

1.3 7488 1 7640 2 8734

2 7484 2 T_4_0 1 72 8745 .

3 7484 1 7654 962 .741
25 7486 4 L 7657 120 8.7.42

:.48 7491 S _7660 161 8732

120 7468 ...... 6 7667 240 8803
168 7501 7 7668 288 8787
216 7505 8 7672 336 8799

288 7496 24 7672 408 8810
336 7505 48 7653 456 8793
384 7495 72 7657 594 8782
456 7540 144 7758
504 7468 192 7737

240 7756

312 7768

360 7750
406.31 7743

500 7803

_ _ _ _ ,__.__._

Resid Str. 186.4 ksi Resid, Str. 140.6 ks_ Resid. Str. 189.0ksi

Recovery Recovery Recovery

0 38 218 0 370
1 38 1 210 1 361

2 39 2 203 2 359
3 20 3 210 , 3 360
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____________________AS/3004

Test: creep Test: xree Test: Creeo
00 Oret 

0......

Orient. 0O Orient. "

,pec. No: 12-5. Spec.No: 1 SPOc.No- ei1-f

Temp: R.T. Temp: R.T. Temp: R.T.

S.• aee:j 131.5 k~i ult. Stre•s:sj__2 i .2 ult. SSs~ca±ks.t ult.

Elap. Accuwn. rtap. Accum. Elap. AccurU.
Time Strain Remarks Time Strain Remarks Time Strain Remarks

(Ms~, L in/ In) _____ hrs.) (Ain/in) _ (hrs-j Win/in)
0 7130 0 7365 0 7665

0.016 7140 0.016 7366 D.016 7670

0.1 7140 0.1 7367 .1 7676 1
60.225 7147 .... 0.25 7371 - .25 7678
"0.5 7149 0.5 7377 _.5 7692

1.25 7158 1.25 7381 .25 7698
2 7159 2 7388 1 2 7709

18 7196 18 7416 18 7757
*.24 7183 24 7404 24 7752

96 7170 96 7388 96 7739
144 7199 144 7417 44 7772
"192 7204 192 7423 L92 7777

264 7203 264 7414 ... 7778
312 7216 312 7419 .. 12 7801
360 7215 360 7416 _60 7802
432 7258 1 432 7454 32 7852

480 7210 820F 480 7404 82 0 F 80 7804 82-F
500 7208 82 0 F 500 7401 82 0F 00 7801 829F

Note: ILab temzp rature r s 100F above no mal duri: last 40 hours

Pesid, Str. 202.4 ksi Resid, Str. 179.4 ksi Resid. Str. 175.8 ksi

Recovery Recovery Recovery

0 124 0 91 0 167

1 116 i 89 1 166
2 127 2 97 2 166
3 132 3 102 3 178
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AS/3004 ____________

Test. ,r+e Test: crou Test: Cre.o

Orient: 0e Orient: 00 Orient-0:_ _

Spec. No: C8-5 Spec. No:,. Spec. NO: C7-_,-

Temp: R.T. Temp:._ LT. _T Temp: Z-T,

Stxvze _jN, $aJw4 ult. Ites:~~ 11. Ses iQ ult.

Elep. Accum. Elap. Accum. Elap. Aceur.
Time Strain Remarks Time Stwain Remarks Time Strain Remarks
Mrs.) (AS i/i-) Mr(s.) j(aint/i) _ts.) ipiu/in)

0 6508 0 6174 0 6596
0.016 6510 0.0161 6175 3.016 6596
0.1 6509 0.1 6184 1. 6596
0.25 6508 0.25 6188 _.25 6598

0.5 6511 0.5 6189 S..5 6594

1.16 6511 1.16 6194 1.16 6596

2 6512 2 6198 2 6598

4 6513 4 6200 4 6598

.L5 6513 5 6202 5 6599
"6 6509 6 6204 6 6600

96 6514 96 6452 96 6605

120 6511 120 6452 ._20 6604
168 6512 _169 fiS, fig 69o5
240 6514 24 6460 10 662
288 6512 288 6461 !88 6607
336 6512 336 6468 336 6610

408 6512 408 6465 408 6607

431 6511" 431 64E6 L.1 .Q.L._

Resid. Str. 198.5 ksi Resid, StE. 206.5 ksi Resia Str. 187.1ksi

Recovery Recovery Recovery

0 0 01 289 0 0
1 -10 1 274 1 -52•• -10O 2 2"73 2 "5-

3 -14 3 269 3 I -8
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_______ _AS/3004

Teat: Creep Test: Cre' . Test: Mree2

Orient:__________ Orient: Oi*Q---A
Spec. No; C9-12 Spec. No: C18-8 Spec. No: C8-13

Temp: 180F Temp: 1801'P Tamp: 1800F

Str: 153.2 ksi SO% ult. StMSS: 153.2 ksi• ult. sam" ysLo Ult.

E1IP. A~CCU. Ejap. Actunu. Elap. Acciim.
Tim* Strain R emarks Time Strain Remarks Timet Strain Remarks

(b P. (jinfin) _____ i _____/hsi Unin ____

0 8291 0 8851 0 Failed c loading
0.016 8424 -0.016 88600.1 8544 0.1 1 8866

0.25 8605 Q,. 2 8869
0.5 85 ____ ~ UL.

1 8695 1 8874 ___ __

2 8732 2 8866
3 87S5 3 8864

6.5 8800 5 85 6 -6S7 8808 A Afisa-

8 8819 7 0 . __

13 8845 8 8862 ,,_ .
15 8865 24 8870
24 8904 ... . 48 8875-
96 9018 120 8895

144 9050 168 8898
"1192 9064 214.75 8900
-264 9077
293 9080

FRas.id. Str. 218.6ksi Resid, Str. 191.9 ksi

Recovery Recovery Recovery

0 692 o 0 16-
1 536 A 1 144 ....
2 532 2 148
3 528 3 142
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-- ___"_-_AS/3004
Test: t.: - Test: Creep Test:: e

Orient: 0- Orint- 00 Orient: 0"
.Spe.No: C7-1 Spec.No: C8-4 'pecoNo: C11-13

Teamp: 1800F Temp: 180F Tamp: 180F
stxemst134.1 ksi 70 ult. Stress: 134.1 ksi 70k ult. Stress 134.1 ksi 70% nlt.

El.p. Accum. Elap. Accun. Elap. Accuiu.
Tin. Strain Remarks Timie Strain Rem-arks Time Strain Remark*

0 7158 0 7408 0 7005
0.016 7172 0.016 7408 .016 7003

0.1 7182 0.3. 7414 .1 7005
0.25 7183 0.25 7414 _.25 7015
0.5 7186 0.5 7414 ).5 7016

1 7188 1 7415 1 7016
2 7193 2 7415 2 7017
3 7194 3 7419 3 7027
4 7195 4 7418 4 7028
5 7196 5 7420 5 7028 ____

. 7196 6 7419 __ _ 6 7029
7 7198 7 7419 7 7035
.. 8 7198 8 7420 . _8 7040

24 7206 72 7435 10 7058
48 7219 121 7439 24 7060

120 7231 _____ 168 7436 49 7063
168.6 7246 _____ 216 7440 96 7060
216 7261 192 7089

S216.2 7079

Resid. Str. 189.0 ksi Resid Str. 210.9 ksi Resid Str. 229.1 kas

Recovery Recovery Recovery

0 90 0 28 _ _ 0 92
1 76 1 15 1 79
2 74 2 15 2 80
3 73 3 14 3 130o
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AS/3004

Test:'. Creep __ Test: Creep Test- Creep

tOrient: 0 Orient 0 Orient: 0

Spec.No: C8-2 Spec. No: C25-13 Spec. No: Cl0-12

Temp: 180"¥ Temp: 180*F . Temp: 1801?

Stme.: 107.5 Xxi §. t. Stress:_IQL.ksi..% ult. SzesQj~i~%ut
Msap. Accu¢a Elap. Accum. Elap. Accunu

Time Strai% Remarks Time Strain Remarks Time Strain Remarks
avg.) (j hin) _ _ (/r).) _(/in/iz) _S._in

0 5346 0 5991 0 5803

0.1 5360 0.1 5998 _ 0.1p 5805

0.25 56 -. 25 5995 0L.25 -5804
0.5 5361 _0.5 6001 0.5 5811

1 5363 1 6001 1 5812

2 5367 2 6003 2 5811
3 5366 3 6005 3 5815
4l 536 S 4 ! 6006 4 sail

s 5364 5 6006 5 5814
6 5365 6 6008 6 5814

7 5367 7 6008 7 5815a. 8 53.6.9 a 6 008 8 .5

48 S369 __4_ 6008 . -5 5*27

144 5380 _ 6009 144 5838
168.5 5377 168.5 6012 168.5 5836
216 5379 216 6006 216 5837

288 5378 28a 6008 288 5834
336 5377 336 6005 .336 5843
384 5382 384 6007 384 5843

432 5376 432 -6013 432 5835

476 5379 47§ 6Q16 476 5832

Resid. Str. 192.7 ksi Resid Str. 150.0 ksi Resid Str. 03.8 ksi

Recovery Recovery Recovery

0 49 0 20 0 75 ,

_1.25 33 1.25 _ b.25 57

2 32 2 4 2 57

3 32 3 4 3 53

348



_ _ _AS/3004

Test: 'rOP Test:-. C__ rest-: creep

Orient: . Orient: 0* Orient: 0'

pec. SNoe -pc. No: C133- Spec. No: C14-6

Temp: 250"F Temp: 2500F Temp: -2500F

- Up. Accum. Flap. Accum. M1ap. Accumn.
"Time Strain Renaxks Tine Straiu Remarks Time Strain Remarks

Mrs 1. xli)_ __ _ (r.) (A In/in) Mrs..) WinA/i) ______)

0 Failed 4 loading 0 7850 _-0 Wfailed lo loading

0.016 7897

_ _ _ 0.1 7849
0.25 7852 _"

" 0,65 7162

1.6 7973 _ _I

2 7980 79______
3 7983 ____

4 Q ____

______5 8005 __S6 8029
i" 7 .8035

S8 8042

_____ 10 8049 ,
" -12 8056

_ _ 16 866.
__24 8123

,48.4 815.

. 216

____312 8404

_esid Sr. 181.2 ksi

Recovery Recovery Recovery

0 512

1 386
2 372 , ....
S368
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AS/3004
Test. Test: Qrmo Test: Creeat

Orient: Orient: Orient- Q*

Spec. No:•1 Spec. N:. Spec. No: go -6

Tamp; 2500P Tamp: 250"F Temp: 250-F

Strais.l 2 5.4_Ikai 701k ult. StCSs: 12S.4 kal 70% ult. ut.

Elap. Accurn. Elap. A"ccUm. Elap. Accu-,.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
Lbr a.) fAL ird in) ______ -IA (ginlin) _ (hrs.) (Iiinjin)____

0 9448 0 7699 0 7240

0.016 9540 0.016 7758 0.016 7258

o.. 9668 L___ 0.1 7787 0.1 7294

0.25! 9822 0.25 7799 0.25 7301

0.5 9870 0.5 7806 0.5 7309

1 [ 9906 .. .. .1 7820 1 7316

2 969 2 _ _82~5 2 731ZL
3 9975 .3__ 3 7834 3 7333

4 9990 4 7838 4 7338 _

5 10,218 5 7848 5 7327

6 6 74 6 7312,
7 10 040 7 7853 . _7 7332

8 i0,065 8 7853 8 7333

24 10,392 24 7884 24 7331

72 10,611 72 7920 72 7374

10 10,675- 12,L.2.~... 7937_ 12 73792~L...
168 10,-688 168 7952 168 7388

240 11.037 240 7970 240 7387 __

lResid Str. L69.4 ksi Resid Str. 201.9 ksi tesid Str. 173.3 ksi

S--

Recovery Recovery Recovery~~~~~ -2368, 1 3 ,, ! 4

.. •1949 1. .1103 1 410 __ _

S•. 1912 i 1ons 2 410
3.25 1885 3.25 1086 3.25 410
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CIra" T •~ S!3004ST--t: Q. te ...._ -Tes.,. T .crjkg I.......

I.Orient a 0a Orient: 0 _ Orient: 00

.,Vo: C1- Spec. No: C25-9 Spec. No: C13-8

Terpr 2500F Temp 250*F Temp: 250__

stmb -0..5 kSi_%I ult. Strawut. -. s jc I nit.

Tiv.i. 6•k•izn Remax.ke Time I Strain Remarks Time Strain Re3marka
(Chra-) x~ n/ul A____ m.) 4s- I(t!I.____

0 6319 0 5940 0 No data
0.016 6313 _____ 0.016 5970 1 age failed
0.1 6319 o0.1 6003 ... ... ...

0.25 6324 0.25 6006
0.5 6326 0_- .5~ ~

1 6326 1 6012 ____

3 6336 3 6029 ____

4 6338 .. 4.
5 16342 5 6034.-
6 633 ____

8 6342 ___ -f04... .. Q2... --- ___ __

24 6354 _____ 24 6059 _____

96 6379;___ 96 6087---
144 6405 144 6094 ___ ____

192 6419 _____ 192 6102_ -

264 6404 _____ 264 6058 _____

308 6430 ___ _..Q8.. 605- 308. test tg miatged

Resid Str. 135.5 ksi ResidI Str.- 185.3 ksi aeid. Str. -134. 3 ka

Recovery Recoveryr Recove.ry

0 ____ 22 0 337 _ __ ____

1 199 _____ 1 30 _ __

2.... 194 _____ 2 306 ____ ___

3,5 L 188 3.5_9
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wi• AZ3004

Test Creo t g~lp Test: Cree2o
"O9Orie9nt: .go* Orient:.. 90

Spec. No; C16-8 Spec. No: C15-8 Spec. No: C17-6

Temp: ,R.T Tamp: R.T. Temp: R.T.

strwe.s 4.02 )csi S0% ult. Stess± 4.02 ksi 80% ult. Stress 4.02 ksi 801k Ult.

Mlap. Accwr.% Elap. Accwn. fLUP. Accwr=
Time Strain Remarks Time Strain Remarks Time Strain Remarks

6Ars (in/ in) _____ -rs.) Wjinli) Mr. (Ij nin/ In
0 4020 0 3865 0 3428

0.016 4044 __0.016 3874 .016ý 343.

0.05 Failure 0.1 3884 _ _ .1. 3440
0.25 392D 5 34SS

S0.55 3907 .55 3460

_" 1 3911 1 3470

_ _4 3926 4 3484

____ r 5 3923 5 3480
______._ 6 3924 6 _ i6 3486 ..

.- 7_ 3930 .7 . 3487

a__8 3929 8 3494

__-_ _ 24 3959 24 3528

2 4001 72 391
. 105.4 4100 1_0.3 pailjure

________Rest rt _

Recovery Recovery Recovery
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Test: Creep Test: Prom" Test--
Orient: 90 Orient- 900 Orient: 920-

Spec.No: C.S-5 Spec.No: C18-7 Spe. No: C18-3

Temp: R.T. Temp: R.T. Temp: R.T.

Elap. Accunz. Elap. Accu=. Elap. Accumn.
STime Siin iRemarks Time t Remarks Time Strain Remarks

av. IIA Win) 3_____ (x.) (Pin/ixi) _____ hre.) (9in/ in)_____
0 30)32 _____ 0 3065 _____ 0 2986 ____

0.016 3049 _ 0.016 3077 ).016 2996

0.1 3062 _o0.1 3085 1_ 3005

0.5 3071 0.5 3095 _ _ .5. .1_
1 3080 1..... 3 _3025
2 3086 2 3S J S...390.. i ...a....S3.3 -3090 3.3 3120_3..3 _3Q.4.0_

4.16 3089 - 4.16 3117 .16 304p
S5.25 3090 5.25 317.25 , 3040

6 3089 6 .2.1 6 30.40
7 3102 7 3 7 3054
8 3109 a8 3137

24 3122 24 3 2__ 4 . 307.22 .. ,
48 3162 48 3189 48 31161•20_ 3178 .120_ 320 .0 2130

-"t L68 3!48 .. 12R T, I ! 7 -
216 =ýM 12 21fi , IL7A• 141 1

288 -3Z70, 298 3293 , 3.9
336 3183 __336 3200 I 1. 5i5 .

Re ,d Stir, 3,7 s R21eidS~x 6.56k• Resid. Str, 5.49 ksi

Recovery Recovery Recovery

1i 248 J5 1. -221__H 245 2 4 245 _____ 2 283
-3 240 ____ 3 1 244 J..3.. 284 ____
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AS/3004 ___________

Toot: Cr"P Test: creep ea~t: Creep

Orient: 900 Orient: 900 Orient: 90*

Spec.Ne: C18-1 Spec. No: C15-2 Spec.-No: C16-2

Temp: R.T. Temp: R.T Tevp RT.

Stxess: 3.01 .ci60 % Ult. IStes:31.01 3tai.Q % it. Stress ul~ nt.

Elap. Accum. Elap. Aceum. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Str.ain. Remarks
(hr..) ol in/ in) ______ rrr.) CJ'in/in) (hro.) (uintin)

0 2565S ____ 0 2671 0 2774 ____

0.016 2711 _____ 0.016 2820 0.016 2932 ____

0.1 2723 0.1 1 2830 0.1 2944 ____

0.25 2732 _____ 0.25 2835 10.25 2952 ____

0.5 2744 ___ 0.5 2843 0.5 2261 ____

1 26 1 2199 ~2S7
2 2765 2 2864 2 2979

r18 2724 1s 2831. i8 2966
24 2777 24 2873 24 2990 ____

48 2836 is... 29j 303
96 2838 96 2943 96 3061 ____

168 2789 168 2888 168 3009 ____

216 2842 216 2954 216 3073 ____

264 2861 264 2942 264 3062 ____

336 2886 336.. .29,6 336.. .IJ.L
384 289C 384 2974 384 3095 ____

432 2838 ____ 432 2920 432 13052 ____

522.1 2811 522.1 2901 522.11 303

Residj Str. 5.22 ksi Resid. Str. 6.20 ksi Resid, Str. 5.60 Icsi

Recovery Recovery Recovery,

01 1711 __ 0 01 132__ __ ___

14 1341 1 4 75 1__ 10_ ___

E3 100 _ _ 3j 70 3__ 97_ _
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.__/AS/3004

Test, Crepi, Tet ra Test-: ra

Orient: 90 Orient: 200 Orient: 90g

Spec.No: C17-8 SpcNo:C SpeC.No : c1j-1

Temp: 180' . Tamp: 1800F Tamp: 1,800r _

streai m. u12. Sbu. s a eas. ul t. stzwsa2.96 kzi_- ult.

Elap. Accur. Elap. Accum. Elap. Accum.
Time Strain R. emarks Time Strain Remarks Time Strain Remarks
(1ra.) (ain/.in) _ (b•r.) (Ain/in) (hr_.:) (flUin/iL)

0 2666 a 2710 o0 12926

0.016 2696 _____ 0.016 2727 _____ 0.016 2937

0.1 2691 6 ._.2734 _ 0.1 Lailure

0.5 2696 3 27_56_.
.::i. i,. 2715 4 ,. 2764

2 2727 5 2766
3 2733 47 2808

4 2737 77 , ,, 2823 _... .

5 274668 283_
6 2•5,,2,,. 4 ,..2841 _._, - -

7 2761 26-4 .... 284
.7 5 2765 360 2852

53.1 Failure 385 2851
433 2860 2.%
-505 2859

_____Resid. Str. 5.65 ksi

Recovery Recovery Recovery

0 -27

1 -47
2 .

S3 ,-60
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AS/3004
Test: Cr. .. ___ Test: cre#.g Test: Craee
Orient: 900 Orient: 900 Orient: 90

Spec. No: C18-2 Spec.No: C17-1 Spec. No: C18-6

Tamp: 1800F Temp: 180*F Tamp: 1800F

Strfts: 2.47 ksi 50% ult. Stress; 2.47 ksi 50% Ult. Stres 2.47 J•i 501k ult.

Elap. Accum. Elap. Accum. Elap. Accumn.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
M(hrs.) (A inlin) (hre.) (tin/in) _ _ r,.) {.inlir)

0 2196 0 2356 0 2172
0.016 2222 !0.016 2368 0.016 2176

0.1 2234 0.1 2375 0.1 2188
0.4 2242 0.4 2382 0.4 217
0.5 2245 0.5 2381 0.5 218.
1.16 2246 1.16 2387 1.16 2188

2 2246 2387 2 2188
3 2242 __ 3 2387 3 2186

-- • 19 2237 ..... 19 2390 1 2170
24 2237 24 7389 24 2167
48 2246 48 240L 49- 217§
96 2270 96 2423 96 2189

216 2295 216 2453 216 2207

26 Z0 26 2459 264 22 _ _
336 2311 336 2473 336 2220 ____

384 2321 384 2491 384 2230
432 2330 _ 432 2486 432 2238

1504 2332 504 2498 504 2241

Residj Str. 4.55 ksi Resid. Str. 3.53 ksi Resid Str. 5.58 ksi

Recovery Recovery Recovery-- 0 98 o 186 0 4 . .
_ _1 87 1 160 1 48

- 2 83 2 151 2 45• 3 81 1 3 145 3 42
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____AS/3004

Teost: Creep Test: crjLe. Test: Ce...

Orient: 906 Orient: -90" Orient: 900

Spec. No: C38-1 Spec.No: C29-7 Spec. No: C31-3

Temp: 1800P Temp: 1807F Temp-* 1800P

SUS, 1.: 1.97 ksi 40% Ult. Strews:l.97 kul 40 % ult. Sai97]csi 40%ult.

MLap. Accik. Elap. Accum. lap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks

_______in _______ (Ain/in)
Mr. (ALin/ in) _____ Ars .L) Ih. __

0 1827 0 1612 0 1763" 0,014 19836 0.016 1 -14• 0.01. 1764

0.25 1846 0.1 1608 0.1 1770

0.6 1850 0.25 1608 -_0.25. 1774
1.16 1854 .6 ........ 1610 0f. 1775
2.25 1857 1.16 1613 1.16 1783

3 1860 2.25 1616 2.25 1784

5 85 3 16..L3 1784,6 1867 5 1665 1793

8 1873 6 1623 6 1793
72 1894 8 1624 8 1798

120 1905 72 1644 72 1822
:170 1901 120 10_53 !120 1834

266 1905 170 1650 170 1834
288 1904 266 1668 _ _ 266 1845
336 1908 288 1664 288 1843
408 1910 336 1670 336 1854

S456 1908 W 1670 408. 1859
504 1906 456 1680 456 1859

504 1668 504 1856

Resid. Str. 3.79 kui Resid. Str. 5.51 ksi Resid Str. 6.74 ksi

Recovery' Recovery Pecovery

5 o8 ,0 8oj 0 116
1 45 3 76 1 101

2_44 2 74 2 100
_44 __ 3 72 _ 3 97
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Test-.- -Creep Test: Aree-0 Ts: re

Orient: 90 - Orient: 900 Orient: 900

Spec.No: C29-3 Spec. No: C15-3 Spec. No: C29-4

Tamp: 250T p 250F Tamp- 2 Temp: 25.,0

Strs: 2.70 3ksi 50% ult. Stress: 2.70 ksi so Ult. Stress2,0 ijg% ult.

Elap. Accum. Elap. Accurr . Elap. Accum.
Time Stra Remarks Time Strain Remarks Time Strain Remarks
(bra)w w rs.) (Ain/in)_____ (hrs.) (gin/in)_____ j (M/i)_____

0 2383 0 2775 restart 0 2324
04.q1 2428 0.016 2778 0.016 2320
0.1 2478 o______ 0.1 2781 23353S

0.25 2568 0.25 2793 0.25 2363
0.5 2658 0.5 2807 0.6 2375

1 2762 _____ 7 Failu~re 1 2387

1.6 Failure 2 2401

3* 2415
@! _4 2420
-_ __. 5 2427
-- __ _ _6 2438
___7 2441

24 251I
Y 4-3.3 Failure

R•covery Recovery Recovery
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AS/3004
Test: Test. ......... Test: _________

Orient: 900 Orient: Orient: 9M-

F Spec..No: C34-7 Spec. No: C31-6 Spec.No: C34-2

Temp: 2500F Temp: 250Y_ Temp: 2500F

Stress: 2.12 kmi 40 % ult. Stress: 2.12 ksi•,4 l ut. Stre 2 ksi.•% uit.

X - Accun, Elap. I. A-cum,
Li. Streain R emarks Time Strain Remarks Time Strain Remarks

rs.) i _ _ .! 4 ) _(A i/ (i)rsr.) (Ai/i/)M) ____in

0 2006 0 2020 0 2031 _ _

0.0]. 2023 0.016 2070 0.0161 2049

0.1 2036 0.1 2180 0.1 2oGS

02 20 0-25 _ _ __

0.5 2050 0.5 2316 _0.5 2090

2061 1 2476 1 2100
2. & 'gag- 2742 2.25 _.2110•.

3 2085 2.8 ailure 3 2117

4 2093 4 2125 ....

5 2•099 5 2129
6 2103 6____ 213-5 -

7 .. 7Q.-_____ ..... 2132.I
8 2110 _____ -2142.......JJa.

24 21.55 24 2192

48_ 2200 AS 2243 ....
120 2, _62 1...20 2316

4 2282 __8_ 234
216 4 2298 216 2360
288 2326 288 2392

336 2343 231 2408Q
357. 8 Faliare _ _338 Test tei minated

- Rsid Str. 2.86 kai

It ecovery Recov'ery Recovery
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(

_ __.. ..... _AS/3004
Test: Creep Test: C .ee Test: . reep

Orient: 9_Q Orient: 90o Orient: 90'

Spec. No:-.- C 31-5 Spec. No: C34-5 Spec..No: C34-4

Temp: 250"? Temp: 250'? Temp" 2500F

StUM: 1.62 ksi 30 % ult. St=eSs: 1.jj•ksi.&% ult. Stres.jksi_ .V% ult.

xlzp. &ccum. Elap. Accunu. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
f:s.) (W in/ inm)Mrs .) 04i/in)__

0 1397 0 1460 0 1570

0.016 1425 0.016 1465 0.016 1583

0.1 1433 0,1 1469 0.i1 _. 158s
o0.25 1437 0.25 1476 0.25 1589

1 1438 1 1488 1 1595
2 1441 2 1500 2 1598

3 1443 3 1 1517 3 1596
4 1444 4 1514 20.3 Failure
5 1444 __ 5 1518
6 1447 6 _ _1520

7 1449 7 1526.
8 1449 8 1528

S24 146024 I7

48 1470 96 1670
96 1490 144 1723

168 1508 192 1778
• ~~~216.5 1S525•58 alr

264 1535
346 1587
349.3 Failure _

Recovery Recovery Recovery
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AS/3004
resi Ttit: •'ean Test: AS! 3004 Test:___"_,___

Orient,__. +45" Orient: +450 Orient: !:450

Spec. No: C41-1 Spec. No: C41-5 Spa cNo: C24-1

Temp: R.T. Temp: R&T, Tamp: RLT.
-,- - _lt Stxe : 2.1 -g - t ult. M M 1 L mi 3 4 t

Elap. Accum. Elap. Acc-ru. Elap. Accum.
Time Strain Rermarks Time Strain Remarks Time Strain Remarks
fhxs.) ou in/ ____ (hre.) (JAi/in) _____ (bra.) (piniim)_____

0 8920 0 6950 0 9248

;0.016 9363 0.016 7381 0.016 9806

0. 1 10,107 0.1 7746 0.1 10,310o

0.25 .0.43j 9,.25- 7992J 0.25 10,739
;011- 10.808! 0-5 8175 05 11.016•

1 11,183 1 8397 1 11.3_2

1.5 11,411 1.5 8534 1 11_57§

W2 11,511 2 83 2 1 11.74 _
-_ _11.85 3 793 3 11.98
4 12.034 4 8894 .4 12.153

*5 12,157: 5 8964 5 12.263

6 12,274 6 9030 _J 12,3§9
.. 2- -1 . _7 9082 7 12,451

•-"24 13.0851 24 9409_2 13,107

48 __13.493 48 9730 48 13.476
72 13,756 72 9884 72 13,717

96 13,984 96 10,015 96 13,923
1.68 14, 3L4 168 1228 18 14,236

216 14.500 216 10.2216 106288 2_F 14,_74
264 14,641 264 10,376 _264 14,508

336 14,784 336 10,429 336 14,618

384 14,972 384 10,575 384 14,799

432 15.109 432 0662 432 14,930

!54 15222 __ 10. 724 154 028

Ras' SIX, 22,24- gs j4 id.-atr. 23.-3 ks Resid Str. 28.25 ksi

Recovery Recovery Recovery

0 8764 0 5118 0 7923
1 8090 1 4fAi92 1 7369

2 7997 2 4619 2 7275

91.265 7936 3.25 4574 3.25 7215
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_____________________AS/ 3004 ____________

Teat: Creep Test: -- Teat: creep.

Orient +_45_ Orient. ±45 Orient_: ±t4S*

Spec.No; C41-2 Spec.No: C41-4 Spec.No: C41-7

Temp: R. T. Temp: R.T. Temp: LT.

Strejq.-_. 4 l ks±20% ul~t. Struss6.41 ei 20 Itult. StX035s6.41. jmi 10O4Ult.

Elap. ACcum. Elap. AcCVnL Elap. Accurm.
Time Strain Remark& Time Strain Remarks Time Strain Remarks
DLs.-) fit irdin) (lhrs.) (Wlu/in) r(s-.) (Uliu/x)

0 3638 0 3400 0 3468
0.01 3804 0.016 3504 o0.016 3543

0.1 3897 0.1 3579 0.2. 3609
0 0.25 3938 W.25 3613 0.25 3643

0.7S 4005 ---- 0.75 3664.~jj 0J.75 .fi2.
1 4027 1 1 3681 _._._ 1. 3707
2 4082 2 3724 2 3752

3 4114 3 3748 3 3774
4 4138 4 3766 4 .- 3792S"5 4159 5 37_83 3812

6 4178 . 6 3798 6 3824
7 4193 7 3812 7 3838

8 4211 a _ 3824 8 3850

24 4308 24 _320Q 24 3929
96 4429 96 40_05 96 4050

144 4482 144 4054 144 4101
192 4517 ... 192 4076 192 4132
_iL264 452. 264 -408.. . 264 4148
3.12 4532 312 4097 312 4157

360 45448 360 4109 360 4171
432 4540 432 4101 432 4167
480 4591 480 4144 1 480 4237
502 4594 _ 502 44146 502 4248

Resid. Sir. 31.00 ka, Resid. Sir. 25.42 ksj Resid Sir. 29.46 ksi

Recovery Recovery Recovery

0 1257 0 1015 0 988

1 1063 1 877 1. 865
2 1040 .__ 2 853 2 838
3 1022 3 841 3 831
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_ _ _ _AS/3004

Test: Creep Test, Creepi Test: Cr~ep

Ovez•t: +450 Orient: *45 Orient: +45

Spec. No: C21-8 Spec. No: C22-2 Spec. No: C21-4

Temp: R.T. Temp: R.T. T.. _ -mp: ,RT.

Stes:*, 3..._a.. .0.% alt. Strew: J gs a Ult. ste,= 320 ., i 10_ tit

Maap. jAccwn.- Elap, Acctizti Elap. IAccumn.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
QEirs.) j( in) (brs.) 4 in/in) Mrs.) (Elu)

0 S _5 0 a 1616 0 1490

0.016 1648 0.016 1645 0.016 1510

0.1 1660 0.1 1669 _0.1 1"17 _

0.25 1670 2 1702 -•2.. 2j s
"O a5 1674 0. 5 .... iS V_ 5 15Qo

1 1682 1 1701 -1 1588 ____

2 1691 .,, 2 1712 2 .597
3 1696 3 172 3 1602

......4 17.0A2 4 -_ 7>0 4 1610
S 1700 5 1737 5 1.616

7 1718 7 1752 7 1.628 ____

;-:25.5 1745 25 -5 - 1 78S ;25.5 16 s55 .

48 5 1752 48-5 . 1793 48j .5 1 _5

S72 1800 -1"4 2 1707.

144 1885 144 1951 144 1819122 1957 .. .. 192 1922 i192 1792

240 1878 240 1944 1240 1 1812
312 18S3 312 1962 312 1828
361 1891 361 1958 361 1823
409 1893 409 19JO0 __ 1824
504 1926 504 _ _2005 504 1872

Maia sg. 13Qe6sd ,,• tr 1'ale kg , St:. 25.58 ksi

Recovery Recovery Recovery

"0 342 0 451 0 422
1 305 _ _ _40 1 80
2 297 2 401 2 371

3......1 293 3 396 3 369
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AS/3004
Trmt-.. -a-ep Test:- Creeg Test; ______

Orient- +45. Orient:. 45 Orienut ±4 5 6

Spec.No: C48-5 Spec. No: C42-7 Spec.No: C48-3

Tamp: 180F. Tamp: 1800? Tamp: 1809F

Steas:. -Q-" Rjjsil ult. stlýS I u~lt. Stress 8. ksi_130% ult.-

Elap. Accum. Elap. Accuii. Elap. Accujn
Time Strain Remarks Time Strain Remarks Time Strain Remarks
Mbrs.) (AZ Winn) (ba. (inhin) (ha)jg(~inlizi)

0 7038 0 8090 0 9999

2. •.016 8177 0.016 9068 0.014 11,039

_, 1 _k745_ _ Q-1 42S6 0.1 111361
2.Q2 8947 0.25 9413 0.25 11,410
0.5 9120 0.5 9498 0.5 11,452

.1 9366 1 9612 1 11,519

2 9587 2 9740 2 11,598
3 9718 3 9832 3 11.660t

4 2810 4 9900 4 11,713/

a 10,03g ., 10,092 8 11,862

92... 10,080 9 10,12 9 11,890

1 1o0o,119 10 10,1. 10 11,922
24 10,416 24 10,447 -24 12,158 j
j96 10,982 96 11,018 96 12,6514

144 11,160 144 11,229 144 12,822,

-192 .1299.. 192 11,37: 192 12,957
266 11.465 266 11,551 266 13,123

3.12 I. 11,532 ...... 312 11,63] 312 13,203

360 11,603 360 11,72A 360 13,294

442 11, 681 442 11,80¢ " 442 13,361]

480 11,758 480 iiL870 480 13,427,
500.1 11,780 500.1 11,90" 500.3 13,4541

Resi. Str. 31.40ksi Residl Str. 12.97 ksi Resid Str. 34.38ksi

Recovery Recovery Recovery

7132 0 7090 0 8520

6763 1 6657 1 7832
2 6675 2 6561 2 7728

3 63647 _ 6534 3 7694"
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AS! 300 4
Toot: Cre Test- _ ,__ ___ Test: creep

Orient: +45* Orient: +45& Orient: ±450

Spec. No: C47-5 Spec. No: C47-1 Spec. No: C47-6

rTomp: 1800F Temp: 1800F Temp: 18007

StroM: S.S5 ksi .WQ Ult. Str55:.j,5uSi .~)uIt. St6Ss4Lzjmsi-2 Ult.

=&ap. Accm Elap. Accum. Mlap. Accum.
Time Strain RemaZks Time Stin Rewarks Time Strain Remarka

)(hr.-) (Ain/ in) . rs.) (Isiu/in) (hr..) (uin/in)

0 3400 __,,o _ 0 3862 0 3477

0.016 3517 0.016 3973 0.016 3656

0.1 3594 0.1 4082 0.1 3724

0.25 3621_ 0.25 4163 0. 25 ]712
0.5 3C4 0.5 4222 0.5 3778

- 3699 _.__69 4281 J 3812

2 3731 2 4348 2 3852

3 3757 3 4388 3 3878
4 3787 4 4418 4 3894
5 3804 5 4440 s 5 3910 .
"6 3813 6 4456 6 3921

7 3821 7 4474 7 3936

24 1 3953 24 4626 24 4049
48 4050 48 4720 48 4130
96 4202 96 4837 , 96 4224

168 4283 168 4936 168 4302

216 4312 _ 216 4972 216 4330

264 4349 264 5018 264 4361
336 4377 336 5061 336 4394

384 4406 384 5086 384 4418

432 4426 432 5110 432 4440

504 4459 _50..L.4 S132 504 4458

Resid Str. 31.47 ksi Resid. Str. 28.33 ksj Resid Str. 32.68 ksi

Recovery Recovery Recovery

0 140 _ .9. A2 _0 1322

1 1240 3. 1550 1 1184 .
2 1220 2 1516 1159

3" 1197 3 1493 3 1137
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AS/3004
Test:- CreeD Test. CreTest Cree

Orient: +45 Orient: +45* Orent: +45*

Spec. No: C22-1 Spec.No: C23-8 Spee.No: C24-7

Temp:. 1809P Temp: 180oF Temp: 1801F

Straw: 2.78 ksi 10 1 alt- StXM: 2.78 k_ ri t. 1. ult.

Elap. I Accm.n Elap. Accun. Elap. Accunr
Time Strain letnark Timre Strain Remarks Tine Stran Re•arks
(hrz.) QAin/ in) _____ (hr a.) (Ainln jba (uin/in)

0 1522 0 1419 0 1367

.0.01. 1553 0.016 1436 0.01 1375
0.1 1590 0.1 1462 1 0.1 1397
"0.25 1607 0.25 1 .473 •. 25 1406

0.5 1618 0.5 1492 wo-___ 0. 1413 ____

1 1630 1 14931 1 14'20 ___

• •3 1664 3 1521_ 3 1445

".4 168t) A 1534 4 1456

24 1757 24 1588 24 1508 1

48 1791 48 1621 48 1534

144 1856 144 1673 144 1595
168 1869 168 1680 168 1599
216 1891 216 1696 216 1611

288 1910 288 1713 288 1623

336 1910 336 1710 _ 336 1620
384 1922 384 1717 384 1629 .. ..

456 1930 456 1723 456 3631 _

504 1967 , 504 1741 504 1648

e•sidf Str. 30.99 ksi Rsi 1 . Str. 33.79 ksi Resid Str. 31.04 ksi

aecovery Recovery Recovery

0 525 0 -3297 - 0 360
1 490 1 354 1 331

a 485 2 349 2 322

"3 481 3 345 3 316
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AS/3004
Test: Creep Test: Creep Test: Creep

Orient: +454 Orient: +450 Orient: +45o

Spec. No. C45-2 Spac. No: C43-3 Spe.pNo: C42-6
SiTemp: UL2S0OF Tempt 2500? Temp, 250*P

Stxts: 7.29 3cj -%ik Stress -72 wUlt. Stress 7,29 ksi~Q 30 Ut.

Elap. Accumr. Elap. Acc~azm. Eipp. Accumn.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(2hrs.) (A in/in) (hrs.) (JAin/in) ...... (hrs.) (gintin)

0 9280 _ _ 0 7716 0 7902

0.008 10,770 _____ 0.008 8042 0.008 12,022
0.025 12,090 0.025 8160 0.025 12,661
0.05 12,856 0.05 8332 0.05 13,180
0.1 14_942 0.1 9330 0.1 i_3.239
0.15 15,268 0.15 9524 0.15 13,258

0.2 15,330 0.2 9633 0.2 13.260
0.25 15,381 0.25 9692 0.25 13,273
0.5 15,558 0.5 10.043 0.5 I 3.46

1 15,774 1 10.1377L 1 13.441
2 16,111 2 10,830 2 13,5781
3 16,321 3 11,076 3 13,674

4 16,506 4 I1I281 4 13.762

5 16,677 5 11,475 5 13,a48
6 16,802 6 11,614 6 13,907
7 16,928 7 11,749 7 13,967
8 17,020 8 11.902 8 14,031

10 17.280 n_ 12.103 . 0 14.12-3
12 17,442 12 12.251 t2 14,209
14 . 17.61I1 12,42214 .. 35

16 17,762 16 12,558 16 14.393
18 1 17,905 18 12.695 18 14,471
20 18,019 20 12.807 20 14,535
23 18,708 23 12,970 23 14,636
72 19,863 .72 14,444 _ 72 15,557

120 20,737 120 15,244 _120 16,124,

168 21.359 168 15,794 168 16,598

216 22,009 .... 216 16,.3781 216 1 17,124
Recovery Recovery Recovery

Continued on next page -thin-ued on next page Contie L on next page
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AS! 3'04
C45-2 continued C43-3 continued C42-6 continued

Test; Cre _ Test- e Test: Creeo
+459 Orient: +456 Orient- +4 5 '

Spec. No: C45-2 Spec.No: C43-3 Spec.No: C42-6

Temp:_ 2509F Ternp: 250*F Terip: 2500F

Stress; 7.29 ksi 30 I ult. Stress: 7.29 ksi 3 ult. Steeszs 7j29ksi Zp ult.

Elap. Accurn. Elap. Accurn.. Elap. Accurn.
Time Strain Remarks Time Strain Rexuarks Time Strain Remarks
(h-s.) (LL i/ i) .(hrs.) (Ai/ in) hr.(h ) (M Linjin)

288.8 22,378 288.8 16,695 288.8 17,432

336 22,668 336 16,970 336 17,677

408 23,0541 408 17,305 408 18,022

456 23.286 456 17,522 456 18.219
506.5 23,487 506.5 17,704 506.5 184006

ResidL Str. 31.21 ksi Resid, Str. 33.36 ksl esidA Str. 25.22 ksi

V ecevery Recovery Recovery

0 19,2641 0 •13,1621 0 14,520
1 18,6291 1 11,9394 1 14,292
ý 19,S211 2 _1. 798 2 14,252

3 18,493 3 11,780 3 14,247
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S~AS/3004

Test: creep Teas: Creep Test: Cep
i• ! +45Orient. +4- O~rient* =+450 . ... O4e5:

Spec. No: C48-4 Spec. No: C48-7 Spec.No: C47-7

Temp: 2500? Temp: 2506P Temp: 2500F

_jr~s 4 s.8 2wiQ ult. St's i. ult. Stress 4.86 )ksi. 20% ult.

Elap. Accum. Elap. Accum. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hbr.) (Atn/in) r. . (in•in) (-s.) (_Li,/in)

0 3093 0 3814 0 3185
0.016 3357 _ 0.016 4344 0.016 3253 .

0.1 4162 0.1 4908 0.1 3428

0.3 4346 Q0.3 44. 4063

0.5 4422 0.5 554_ 240.5 4100

1 4608 1 - 5608 1 4180

2.2 4882 2.2 e d 2.2 4288 ... .

3 4937 391..8 Failure 3 4339
4 4998 _______ 4 4386

5 5049 5 4427

6 5098 6 _ 4459

7 5153 ..... 2 7 4Al
a -5252 a 1 540

24 5712 __._ 24 .4782

48 6127 .. 48 4992

120 6722 _ 120 5336

168 6993 16____ 1___ 5467 .~AL
216 7212 216 55665

288 7452 _____ _________ 288 5681 ____

336 7589 ._ 336 5757

38A 7708 a§4- 5L21

Tast tern hated Test terminatgd

"Resid, Str. 27.41 ksi ResidI Str. 32 .2 8 ksi

Recovery Recovery Recovery
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F
AS/3004

Test: "C reeE .!Te• Creep .... Test: -Creep ...

Orient: +45_ Orient: t450 Orient: + 4 5 .

Spec. No: CSO-3 Spec.No: C50-8 Spec.No: C48-2

Temp: 250P Temp: 250*F Temp:. 250 0F

Strek-s 2.43 'si ult. Is sU:4l~t. StxwS!!_ij£% ult.

Elap. Accum. Elap. Accum. ELip. Accurn.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
khre•, (A in/in) r(hs.) (Ain/in) Mrs.) f (Uji/in)

0 1220 0 . 1442 -- 0 1631
0.016 1388 0.016 .1642 N .... - No data
0.1 1444 0.1 1638 ctaae f ailed
0.25 1415 Ila 1684 528 no faihlr2
0.5 1423 o.S 1705

1 1432 1 1742

2 ,1437 _ 2 12 7 -9

3.5 1449 3.5 1.800

5 1457 5. : 1.24 -

7 1.471 7 1847 14______
8 1475 8 185

24 1538 24 21950 ____

72 1632 7.. ' 2102 -

* 144 171o 1.44 2218
S192 1750 I9 227A .

240.4 1786 240.4 !.231,5 - -

312 1j18..9 312 I _2352 _

360.2 18_8 360. 2__-7

408 1865 408 2420
480 1922 480
528 1960 2 2492

Resid t Str. 34.85 ksi e__ j7 Resid Str. 2.94 ksi

Recovery Recovery Recovery

0 785 10 1340-I1 7- -_:: , •i -i___

2.I 725 _2 12-37-. _. _I

1721 -- ,',3 1223 _
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S__. W4397
Test: Creee- Test: Cre Test: C

Orient: 0* Orient: 0o Orient: Da

Spec. No:- 46-1 Spec. No: n46-_.13 Spec.N': -

Tamp: R.T. Teamp: Tamp: R, T.

Strabs: 181. ksi..-&. ult. St uss:JJ !s• ult. Stress 182j1ksi % ult.

Elap. Accum. Elap. Ace=--- Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(bra.) (Ji in/in) (.in/in) _ _ rs.) (pin/in) _

0 8912 0 8455 0 10,382

0.016 8911 __ _ 0.016 8459 . 016 10,395

0.1 8913 0.1 8460 _0.1. 10,403

0.25 8914 0.25 8461 0.25 10,401

• .0._ 8914 A 2. _ 0.5 8.41403
1 8922 1 8466 . 1 10,406

2.25 8924 2 8463 2 10,407_

4 8922 3 8462 3 10,408
5.15 8924 __ __ 4 8463 4 10,408

6 8925 5 8464 5 10,408
7 8926 _ _ 6 8465 6 10,412

24 8926 7 8465 7 10,408
120 8931 8 8463 8 10,408

218 8933 96 1 8462 1 96 10.441

290 8937 ..... 120 8465 120 10,447
336.5 8935 .144 8464 144 10,439
385 893168 8466 168 10,445

525.7 8935 264 8459 264,Z 10,444
- ______ 31.3.5 8459 312 10,448

362 8458 362 10,444

434 8459 434 10,445
482.5 8465 482 10,450

_8461 . 5 , 0,525

Resid Str. 201.0 ksi Resid. Str, 206.5 ksii Resid Str. 233.4 ksi

Recovery Recovery Recovery

0 46 0 38 no data

1 35 1 22
2 22 2 22

| 23 3 22
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AS/4397

Test: Creep Test: CreeD Test: CreeP-

Orient: . Orient: 0*_ Orient: - o

Spec. No: 05-7 Spec. No: D6-17 Spec. No : D7-9

"Temp! R.T. Temnp: R.T. Temp: R.T.

Stek si L ult. Stress:xj, 1 ult. Stress 161.9 ksi I% ult.

Fap. Accum. Elap. Accum. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarksv..) (iji/jf) (hrs.) fjlin/in) _hrs.) (gin/in)

0 7463 0 7867 0 8519

1 7464 1 7867 1 8519

2 '7464 2 7869 2 8520
3 7467 3 7873 3 8522

4 7467 4 7875 4 8525

5 7471 5 7875 5 8522

6 7471 6 7877 6 852j

7 7472 7 7877 7 8525
19 7479 19 7885 19 8535

24 7465 24 7870 24 8521
48 7465 48 7870 48 8525
"72 7467 72 7868 72 8525

96 7470 96 7868 96 8528
168 7471 16_8 _7869 168 j3
336 7473 336 7869 336 8533
384 7466 384 7864 384 8528

433 -7473 _ __ 433 7869 433 8533
504 7472 504 7871 504 8537
522 7477 522 7876 522 8534

Resid Str. 234.4 ksi Resid. Str. 188.7 s Resid Str. 185.8 ksi

Recovery Recovery Recovery

0 42 0 30 0 56
3 25 3 10 3 3 5
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_AS/4397

Test: CreeR Test: CreeR Test: Creep

Orient: 00 Orient: _00 Orient: 00

Spoc.No: DI-14 Spec.No: D3-13 Spec.No: D4,13

Temp: R. T- Temp: R, T. Temp:R.T

Stre6: 141.6 ksi 70% ult. Stvems: 141.6 kai 70% ult. I Stress 141.6 ksi70% 1ult.

Elap. Accun. Elap. Accum. Elap. Accum.

Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hr t.1 (AL in/ in) (hra.) (Air±/in) ______ (hra.) _Jyizifin) ____

0 7360 _ 0 7138 0 7253

0.016 7369 0.016 7140 . ... 0.016 7255

0.1 7375 0.1 7144 0.1 7260

0.Z5 7375 0.25 7145 0.25 7257
0.5 7371 0.5 7146 0.5 7259

3 7381 3 7152 3 7261

26 7382 2 26 7153 26 7256
120 73 120 7162 120 7273

,168 7408 168 7179 168 7290

216 7415 216 7186 ,216 7297
264 7398 i-264 7170 264 7284

336 7388 336 7179 336 7274
360 7383 360 7153 360 7270

384 7404 384 7175 !384 7290

408 7375 408 7145 408 7260

432 7384 _432 7150 !432 7269
504 7379 _504 7146 _504 7267

Resid. Str. 204. Oksi Resid. Str. Z j 6ksi Resid, Str. Z32. 4 kei

Recovery Recovery Recovery

0 19 o0 -6 0 _ _

1.25 1.25 -22 1.25 11
2 -4 2 -23 2 4

3 -4 3 -24 3 1
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AS/4397
Test: Creep Test. Crep_ Test. Creep_,

Orient: 0° Orient: 0° Orient: 0°

Spec. No: D5-4 Spec. No: 1>46-6 Spac.No: DI-I

Temp:_ 350 Temp: 350° Temp: 3500

Stzu-s: 131.2 ksi 70 1 ult. Stxmss: 131.2 ksi 70% ult. Stress 131.2 ksi 70% ult.

Slap. Accumz. Elap. Accum. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hrSi J i _ _ (h-s.) ()AJnl/in) 0ih-.)l (pini/in)

0 6746 0 6539 0 rglI 2an . oadn

0.016 6746 0.016 654Z

0. 1 6753 0.1 6538 - _

Z05. 6753 0.?5 6545
0.5 6755 0.5 6546

1 6760 1. 1 6552
2 6766 3,5 6564 ......- U 626 . 6569

4 6774 5 6571 ....
"5 6773 6 6575

6 6775 7 6579 ....

72 6837 24 6646 . .
120 6854 49 6695
168 6870 72 6717 _

240 6884 962. 6743 . ,
264 6894 _,_.'168 6770
288 6901 192 6786 ,

312 6909 2.. 240 6806 '- '
336 6923 264 6821

408 6953 385 6833 .
456 6965 432. 5 6823

504 6946 504.5 6828
576 6961 , _

Resid. Str. Z2 7. 1 ksi Reaid.j Str. 162. 7 ksi

I ecovery Recovery Recovery

_ _0 284 0 344

4 __ 4 187 321 : 3323_4_,,_

________ 2 328 _________

3 324
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_ _ _ _AS/4397

Test: Crep Test:T t: Cee

Orient: 0 Orient: 0° Orient: _ _

Spac.No: D46-l1 Spec.No: D4-2 Spec.Mo: D3-6

Tamp: 350aF Temp: 350 Fo_ Ternp: 350aF

____. 3 60 ult. straw :~~s nit. StresS11.5ks 6 0% ult.

Elap. Accum. Elap. Accarn. ELup. Accurn.
Time Strain Remarks Time Strain Remarks Time Straien R*=rks(hr*-) (A itn/ WI (~r S.) (QA in//in.). (hr3.) (HiU/in)

0 5548 0 5757 0 5816
0.016 5558 0.016 5744 0.016 5826
0.134 5562 0.1 5768 o0.1 5850

0.25 5564 0.3 5772 o0.3 5853

0.5 5577 0.5 577Z 0.5 5853

1.5 5578 1 5776 1 5854
2 5576 2.16 5776 Z. 16 7873
3 5585 3.25 5776 3.25 5873
5 5589 4.5 5780 4.5 5881

6 5592 6 5787 _ 6 5893
7 5593 24 5776 24 59z8

8 5593 49 5785 - 49 5996
24.5 S632 63 [5800 63 6052

48 5657 87 5814 87 61o66

7Z 5707 ... 5809 159 6224
9 5668 184 580Z 184 6268

170- 5720 ao8. 1 o . __ 20d, jzq _

216 5796 256 580o 256 6374
240 5835 328 5793 328 6451
268 5840 376 5303 376 6497

341 5850 . 424. 1 5822 424. 1 6573

365 5868 496 5831 496 6646

384 5882 544 5840 544 6686

409 5904 1
432 5921 .... _
504 5947

Resid, Str. .Z9L, 7 ksi Resid. Str. 211. 1 ksi Resid Str. 184.2 ks

Recovery Recovery Recovery

0 358 0 112 0 868

1 352 1 96 1 1 862

2 340 .2 105 _osz2 852

-3 311 3 98 3 836

375



AS/4397
Test: Creep Test: Creep Test: Crest
Orient: 00 Orient: 0 0 Orient: 0

Spec.No: D7-5 Spec.No: D6-4 Spec.No: DS-15

Temp:. 350 F Temp: 350 F Temp: 3500 F

stress:13s 50% ult. StessM:1.7 50.% ult. Stx.tss 93.7 ksi S0% ult.

Elap. Accu=. Elap. Accur.. Elap. Accum.
Time Strain R emarks Time Streain Remarks Time Strain Remarks
_(lr,.) (J inlin) (lr,.) (Iin/ in) .,.) (Uin)

0 4948 0j5005 0 4326

.0"0 5023 0.061 5008 0. 06 4328_

"0.1 4946 0.1 50LO - 0.1 4327
o.25 4945 0.25 5007 0T.25 4331

0.5 4953 0.5 5010 0.q__ . 4331

1 4953 1 5011 _ 1 4332
2 49 . 5013 . 4.33.
3 496S 3 5015 3 _r 4_3

4.6 4969 4.6 5020 4.6 4334
"5 4971 5 5023 5 5335

6.5 4978 6.5 5024 6.5 4333

7 4978 7 5022 7 4335
8 4981 8 5024 8 4337

24.25 4983 24.25 5021 24.25 4386

72 4227 72 5024 .2 437S
144 4867 144 5054 144 4358
192 4828 192 5061 192 4329
240 4756 240 5107 240 4299
312.8 4754 312.8 5086 312.8 4253

336 4742 336 5086 336 4242

360 4728 360 590 360 4234
480 4721 480 5115 480 4210

552 4699 552 5104 552 41A4
576 4690 576 , 5106 576 4189

Resid Str. 203.0 kai Resid. Str. 212.6 ksi Resid Str. 213.5

Recovery Recovery Recovery

0I 193 0g 89 0 170

. -213 89 2 173
3 -217 79 3 177
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AS/4397
Teat:: Creep Test: Creep

Orient: 0 a Orients: 0 . Orient:_____________0_

Sp,€.N--. DS-11 Spec NoZ Spec.No: D7-11

Te.Lip: 4500 F Temp: 450eF Temp: 4500F

flap. IAccumi Elap. A-ocum- ~ Map- A~ccurn.
Timse Strainz RemLarks Timne Strain~ RemarksI~ Timne Strain Retnarks
(hr,.) (in;A ) (ira,• ( (bra.) (kin)_

-0 Gaefail donloadin 0 7859 __--____ 0 7419

0, 011 7864 0. 016 7425

_,_ __ 0.1 7877 0. 1 7425

- - _______ .Z5 7988 _ __ 0.25 7448 ____

_ _ o.S 7896 0.5 7453
1_I Failure I Failure

1 - "

It ecovery Recovery Recovery

" I .... _ _7

377
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AS/4397

Orient: 0- Orient: 0 Orient: 00

Spec.No. D4-18 Spec.,No: D7-8 Spec.No: DS-19

Tamp! 450 F Temp .450aF Tamp!_4500 F,

stre:JjJci60% alt. $~StX3 :12..2Im -ý tilt. Stxass 123.9.kxijL% Uilt.

flap. Accum. EIap. AcCwn. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks

0__ 6341 ___g_ 60660 62

,%U j•...36S 0.016 6076 0. 0161 6998

0. 1 6438 0.1 6076-.- 0.1 7067

0. Z5 6463 O,25 6.75 66 Z5 7165

0.5 6360 _ _ 0.5 6071 0.-, 7307

1 6345 1 6064 1 7428

2 6371 2. 1 6055 z 7468

4 6407 3 6049 3 7496

5 6454 4 6044 4 750272 787Z 8.. 6029 ,6 7557
144 9487 24 6055 6.8 7573
167 9771 96-- 9 7048_. IZ 6 Fail5r5e

288 11, 917 Z64 8278

.1_ 12, 6Z7 312 8467

_337 12. 898 362 8650

069 1•3,52432 8839

""7 4,070 1 7 8951S
481 14,222 522 9004

Resid.1 Str. 208. 3 kni Resid. Str. 177. 9 ksi

Recovery Recovery Recovery

0 8592 0 3540
1 8574 _ __ 1.3 3665

3. 8563 3 3686

378



AS/4 397
e..r .. Test: Crees ....ep Test:' Creep

Orient: 0° Orient: 00 Orient: 00

Spec. No: D6-8 SpecNo: D46-8 Spec.No: D46-10

Temp: 4500F Temp: 4500F Temp: 450OF

Strýe: 103.2 ksi5jJ ult. Stress: 103.2 ksi 50% ult. Stressl03.2 _•si 50% ult.

Elap. Accwum. Elap. Accurm. Elap. Accunm.
Time Strain Remarks Time Strain Romarks Time Strain Remarks
I (rs.) UJi..n/I i) (hrs.) ($inlin) ._(hrs.) (Alin/in)

0 Failed on Loading 0 5293 0 5157

0.016 5306 0.016 5165

__ o0.1 5312 0.1 5180

_____'__ 0.25 5321 o0.25 5198

_0, 5 532 _ ,, 0.5 52o3
_1 5352 1 5174

2 5378 2 5180
3 5415 3 5212

4 5432 4 5182
5 5458 5 5182

6 5485 6 5180

_ _ ..7 i 7 5i205

24. 5944 24 5122
5fl....0 6,§17 5s0 5183

120 .,9Z 120 5183
168.5 -92Z49 168.5 5192
S.6 0.192 216 5190
A289 1.484 289 5143

385 L'2.612 385 5133 .
I 481 L3. 423 481 5164

505 '3,594 505 5174

Pesid. Str. Z12. 0 ksi Resid Str. Z24. 0 ksi

ttecovery Recovery Recovery

-0 'o 8515 0 96

________ 1 8564 .. 1 68

_ _ 857 2 56
_ 3 18570 . 3 9
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AS/'4397
Creept Test. Crep-T o Creep

TeW• Crep T _t

Orient; 900 Orient: 900 Orient: 90

Spec. No: DZ0-4 Spec.No: D23-4 Spec. No: D23-10

Tamp.. R. T. Temp: R.T. Tamp: R._T.

Stmas: 4.83 ksi 90_0 ult. S a:.i .2.! Ses-L.L'i 20% ult.

Elap. Accuff Elap. Accum. Elap. Accunm.
Time Strain Remarks Time Strain Remarks Time Strain Remarks

• (hrs.2 Win/In) - (hrs.) (Win/in) __ fhra.) (,in/in)

0 3237 0 Failed a Leading 0 Failed or Loading

0.016 3Z57 ________

0.15 3370
0.25 3382

02.5 3399
1.3 3420 __. .

3,3 3427

4 3432
5 3442

6 3444
24 3498

48 3548
120.1 3651
168 . 3655

216.2 3646

288 3808

336 3758
i ;388 3810

456 3822

508 3842 _

Resid.1 Str. 5. 06 ksi

P ecovery Recovery Recovery
0 530

J 432 ____

z 422

3 412

380



AS/4397
Tet Ge•Test., Creep Test, Creee

Orienut: 900 Orient: 900 Orient: 900

Spec.No: D14-4 Spec.No: D21-4 Spec.No: DIZ-1

Tump: R. T. Temp: R. T. Temp: R.T.

StxeW- 4.29 ksi 80% ult. StxeS8: 4.29 _) 80,_.% Ult. Stresws LZas 80_% ult.

Elap, Accum. Elap. Accur. Elap. Accum.
Time Strain Remarks Time Stran Remarks Time Strain Remarks
(bra.) fl! in/in), (b___ 1ra.) (lAinlin) br3.) (gir±/in)

0 3028 0 3007 0 3030

S os o0.016 3036 O. 016 3068

0. 05 3062 0. 05 3050 _ 0.05 3080

0.1 309Z 0.1 3063 0.1 3090

0.25 3087 o0.25 3078 o0.25 3105

0.5 3099 _____ 0.5 3094 _____ 0.5 3115 ____

1 3115 1 3112 1 3131

a 3122 2 3130 2 3146

S 3146.. 3146 3 3162

4 31__ 4 31k5 4 3178
5 31§ Z 3173 5 3185

S316 6 3180 6 3191

7 3178 7 3187 7 3196

8 3182 8 3193 8 3203
ZS 3241 25 3261 25 3263

48 3298 48 3323 48 3321

..J1 3350. 1_____ 21L.. 3380 ____ 121 3376
168 3417 168 3448 168 3440

Z16Ji 346 21§ ~ .. 34V;Z-1 3487
312 3511 312 3541 312 3535

384 3601 384 3576 384 3597

S45§ 3605 4i6 3636 456 3627

504 3636 504 3668 504 3660

Resid. Str. 4. 82ksi Resid, Str. 6. Z3 ksi Resid. Str. 4. 37 kni

Recovery Recovery RecoveryOI 620 { ____ 0 635 0 615
I 56 1 653 1 564
S539 2 629 2 539

__381

-•' 381



AS/439 7 ____________

Ts; CepTegt- Creep Test: Creep
0 0 0

Orient: 9Q0 Orient: 900 Orient: 90

SPOc.No: DZ21.0 Spec.Nc: DZ- Spec.No: D18-5
R..Ternp: R. T. T amp: R. T.

Straft: 3.76 Ws 70% ult. IStress* 3. 76 ksi 70 %ult. Stess_2,&ki 70% ult.

Elap. ACCUM. Elap. Accuxn. Elap. Accuyrr.
Time Strain Remarks Time -Strain Remarks Time Strain Remarks

(~s)(Lin/ in) (hrs.) (Ai-n/in) ______ (rs.1 (ni)_____
0 Z608 ____ 0 Z628 ____ 0 2569 ____

Q.Li 00s ___2_ 0.05 2644 ___ 0.05 28 ___

0.1 2631 ___ 0.1 Z646 0.1 Z584 ____

0.35 3633 ____ 0.25 3646 0.25 2585 ____

0.5 2634 0.5 2648 0.5 Z586 ____

1 2635 1 2650 1 2589 ____

2 263? 3 3654 z 2592
3 3640 3 2655 3 2592 ____

4 3641. ____ 4 2659 4 Z597 ____

5 2649 ____ 5 2664 S 2602 ____

6 2662 ____ 6 2680 ____ 6 3623
7 2665 7 3683 7 2623 -

-8 2669 _____ 8 2688 8 2629 ____

24 2720 24 2746 Z____ 4 2684 ____

72 2802 72 2839 2____ 7 777 ____

144.5 2833 144.5 2882 144.5 2810 ____

192 2888 193 2938 192 3872Z ____

240 2921 240 2976 1240 3908 ____

336 ZCL5 236 3z 2943 _

408 3003 Z ___ 408 3087 4____ 408 3000 o ___

480 3024 _____ 480 3109 _____ 580 3022
502 3052 ____ 503 3138 ____ 502 3050 ____

Resid.;Str. 4. 99 ksi Resid. ýtr. 4. 23 kai Rsd.S 5. 3Z kai

-- Ieid 1 t

Recovery Recovery Recovery

0 426 ____ 0 490 0____ 5__0___

1 379 1____ 3 433 444__ ____ ____

2 3S9 _____ 2 422 Z____ 434.
i 3 353 3 413 3_____ J 424__

382



0 I W , -I4.3I

Test: Creep Test: 3 - s _.C.

Orient- 900 Orient: 90° _ . Orient: g0o

Spec. No: DIS-10 Spec.No: DZ2-10 SpeO.No: QZ3-8

Temp:, 350°F Temp: 350(F Temp: -Tp1 Z

Stressk.-_ j%.• 0% ult. Stress: 2.67 _"i 7 ult. Stress 2.67 kui A•% ult.

Elap. Accum. Elap. Accum. Elap. Accum.
Time St,:ain Remarks Time Strain Remarks Time Strain Remarks
Mrs-.) OA i/in) _____ (hr 9.) (A.&in/iin) jhP. (Lin/ in) __I _ o5 _ 0 o6_ __4

Z058 _____ 2 _____ ?24_ý0Si. 0-016 2119 0.016 2109 0,01 6 l j-1
S•0 . 05 Z161 0. 1 2209 0,05 Failure

0,- .1 J 2206 0., Failure ..

S•0. 25 2258

0.5 2308

1ý 1.25 2396

Z 2438

3.5 2472 - -

4 2488

5 2513 .
6 2527 _________ ____

7 2541 _____ _________

24 2688 _________

48 2776

120 2932

144 2980

168 3019 _

172 3060

196 3085
268 3165

316.7 3168

364 3192 ..
S• •436 3282

460 3310

484 3323

509 3358 _

Resid. Str. 4.13 ksi,

Recovery Recovery Recovery'

0 1601
3 1400

4 1411
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AS/4397

Test: Creep Test: Creep Test: Creep

Orient:_,,900 Orient: 920 Orient:-

Spec.No: D15-7 Spec. No: D13-2 Spec.No: DZI-6

Temp: 350°F Tamp: 350°F Temp: 3500F

Str:aw 2.2 i 60% ult. Stress: 2.29 ksi 60% ult. Straw 2.29 k.i 60 ult.

Elap. Accurn. Elap. Accurn. Elap. Accum.

Time Strain Remarks Time Strain Remarks Time Strain Remarks

(hrs.) (fin/in) (hrbr.) (Ain/in) (bra.) (Ain/in) .

0 1817 0 1952 0 Failed on Loading

0.016 1841 0. 01 2050

0.1 -. 18"_9 0.1 _74 _
0.2. 1912 0. 5S 2241

S0. 5 1934 0.5 2264
': -- 1.-,. 168 1 23§4

2 2010 z 2417

3 2046 3 2459

4 2073 4 2530

5 093 202-5 2554
6 ,zon. 6 2579
7 7 2107 7 2607

8 2121 8 2632
• .. 31 2277 31 2814_

96 2502 96 3079 _

112.4 2555 -112.4 3175 ,.

168 2622 168 3269

240 2737 240 3413

288 2789 288 3480

336 2858 336 3582

408 2937 .408 3146
460.5 2987 460.5 3169

508 -_6__ 508 3148

Relid Str. 3. 22 ksi Resid. Str. 3. 87 kui

Recovery Recovery Recovery

0 1154 0 1496

1 1043 1 1454

z 1016 2 1448

L 2 84 3 1441
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AS/4397
rTest: treep Test: Creep Teat: Creep

Orient: 900 Orient: 90o Orient: 900

Spec.No: D25-5 SpOc.No: D25-10 Spec. No: D31-Z

Temp: 350°0F Temp: 3500 F Temp: 350a F
stre•a: 1.90 csi 5o0% ult. st":nSJgsi 5_. tlt. stres s.90_. i so% il•t.

NElap. Accum. Elap. Accuzn. Elap. Accumi.
Time Strain Remarks Time Strain Remarks Time Strain Remnarks
(brs.) (JAin/in) (Ira.) (IAiniin) .{hra.) (Mi/ian)

0 13724 0 1513 0 Failed on adin&.....
0.01 .1397 o.0o1 1513
0.1 1404 0.1 f 1506
0.Z5 1406 0.25. 1513
0.5 1409 o. 5 i.1513.

1 1413 1 1518 ____ _____

3 1419 3. 113
4 1423 4_ 1538

5 1425 L 1537
24 1447 24 15"7
48 1453 48 1639
72 1458 72 1666 --

145.4 1498 145.4 1781
169 1517 169 1813
194 1555 194 1876
218 1562 218 1951
Z45 1585 245 2004
316 1602 316 2094
341 1552 1 341 Z130
367 1555 367 2172
486 1638 486 2553
501 No Failure 501 Failure

SRL4,d str. 3. 5 -k_ _

Recovery Recovery Recovery

385



i'• " /AS/4 397
Test: Cryep Test- Ye/4 -

Orient: 900 Orient: 10° Orient:

Spec. No: D25- Spec.No: D58-I Spec. No;__,

Temp: 4500 F Temp: 450° F Temp:_,.

Streft: 1.48 kxi 50% ult. Stress:•_Iji 50% ult. St•ess 3s•_% ult.

Elap. Accum. Elap. AccuI Elap. Accumn.
Tirne Strain Remarks Time Strain Remarks Time Strain RemarksSa1.) (• in/Iin) (5u ( .) (Uin!in)

0 293! 0 2147
0. 01, 2970 0.016 2559 !

0.15 4665 0.25 4027 _ ....-..

0.28 Failure 0.5 4569

2 5813
3 Failure _

Recovery Recovery Recovery

386



AS/4397
Tet CenTest:. greenp Test. Creen2

Orient: 90 Orient: 900 Orient: 900

Spec.No: D25-7 Spec.No: DZ6-4 Spec.No: D25-3

Teanp: 450 F Tamp: 40 F Temp: 450F

StusS: 3.lS kgi 40f6 Ult. Stre8S: 1.,.9 ýgxi 40% ultý. Straws 1.18 kxi 40% ultý.

FL.p. Accru. Elap. Accunl. Lip. Accum.
Time Strain Remarks Timen Strain Remarka Time Strain Remarks
(hixs.) ()I in/in) (hr,.) u/./i_) (hrs.) (•inIn _

0 1480 _ _ 0 2055 0 Failed on Loading

0.016 1591 _ 0.016 Z140 .

0.1 2863 o0.13 2255 _
0.25 Z849 0.25 230? -

015 2949 0.5 2383

1 3OZ3 I 246Z
2 3031 2 2578 ____

3 3059 3 1 2675 _ _

9I 3026 4 2723
• "24 ý$027 5 2770.. ......

96 3338 6 2820
264 5772 7 2847
312 6649 Z4 3341
361 7521 72 __

402.3 Failure 144 Z1.392

- _ _ 216 13604_

228 Faila~re

Recovery~ Recovery Recovery

387



__AS/4397

• Test: Creep Teat, Creep Test- Cree.

Orient: 90 Oriont: 900 Orient: 90

Spec. No: D58-2 Spec.No: D58-5 Spec.Nqo: D58-3iTom?" 450°0F Tamp: 450°0F Tamp- 450of

Stre"8: njksi_30% Ult. St~ess:, ~ 30% iUlt. Strew 0.89 ki3%ut

Elap. Atcum. Maap. Accum. Elap. Accun.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hra.). (Ain/ in) _____ (xra.) (A'in/ in) _____ 2(lAin/in)

0 1654 0 036 0 963

0.016 2018 _____ 0.016 1505 0.016 1379 ____

0.1 __,321 0.1 1 1634 1 2246

0.25 2533 0.25 1702 0.25 226Z

0.5 Failure 0.5 1793 0.5 Z348

""__ 1 1882 1 24Z0
2 2074 2 Z563

_____ _____ 3 218$ 2677

w "__" 4 2364 4 _

_____ 5 2494 4 2823

____ 6 258Z 6 2927'S' i7 2641 7 3061

____" __ 8 2735 " 3Z.2 Failure

i _____..... 15 Failure ,_

Recovery Recovery Recovery

_: _,, I"' 388
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S~AS/4397
Test: cien Test:. Cre_ _ Test: ..... Cree__

Orient: ± 450 Orient: + 45° Orient. ± 450

Spec.Nc: D32-2 Spec. Wo: D28-6 Spec.No: D27-2

Temp- R. T. Temp: R.T. Temp: R. T.

St~~4Js.7%ult. Strw-iss'lgjki nio ut. Stress 13.10 ksi 70% ul~t.

Elap. Accuw.. Elap. Accamr. flap- Accaim.
Time Strain Remarks Time Strain Remarks Time Stwain Remarks
2s.•.) (Pin/•i1) Ms(.) f$i'./in1__ (hrs. (iuin=/) _

0 542_Z 0 5333 0 5306

0.016 5518 0.o06j 547 O..E 5549

0.13 _f5711 1 0.13 5648 o0.13 5755
0.25 5780 _0.25 5716 o0.25 5824
0,5 5834 0.5 5796 1 5981

1 591Z 1 5871 2.3 6104

2. 3 6019 3.3 5969 4 6197

4 6094 -4 6047 5 6219

5 6115 5 6068 6 6248

6 145 6 6094 .7 6273
7 6168 7 6118 244.4 6521

24.4 6417 24.4 6330 96 6836

_96 6..... .661196 6576 144 6944
144 6621 , I"- 6677 . 192 7113
192 6928 192 6873 264.25 7346

264.25 7203 264.25 7014 288 7382

2j8 7-00 288 7050 312 7409
312 7Z77 312 70-77 34U 7448

360 7Z72 _____ 360 7118 _____ 432 7533

43Z 7277 432 7197 504 7567
504 7315 504 7233 528 7582

528 7439 528 7248 600 7670
600 7537 600 7339

Resid. Str. 18. 96ksi Resid Str. 18.30 ksi Resid, Str. 18.48 ksi

Recovery Recovery Recovery

, 1 1820 0 1733 0 1834

1503 1 1448 1 1520
1385 2 1274 2 1336

3 1254 3 1190 3 1250

389



SCAS/4397
a ___t: -Crep Test; CreeR Test: Cree.

Orient: + 45 Orient: + 450 Orient: _45°

Spec. No: D28-Z Spec. No: D32-4 Spac. No: D27.8

Temp: R.T. Temp. RT. Temp: RTT .

Stre"s : 11.23 im60o t ult. Ses1•s .=U• s 6O% Ult. Streml2.23 1a4 60% ult.

Mtap. Accui. Elap. Accwus. Elap. Acc-n..
Time Strain Remarks Tirre Strain Remarks Time Strain Remarks
M(re.) (1i.n/lin) (ra.) (A=ilui) _hrs.) (pin/in) _

0 4363 0 481-. 0 4496

0. O 4528 _ _ 0.016 4934 0.01 4599 _

0.1 4611 0,1 5021 0.1 4688
0.25 4672 0.25 5093 0.ZS 4750

0.5 4702 0.5 5121 0.5 4780
1 4748 1 5174 1 4835 i

2 4806 2 5238 z 1200
4 4866 4 5298 4 4960

-5 4878 5 5310 o 4976
6 4896 6 5316 6 4992
7 4909 7 5326 7 5004

24.1 5034 24.1 5464 24. 5131

72 5178 72 5622 7z 5282
144 5325 144 5780 144 5433216_ 418 216 59•84 2 _16 •tJ•

340 5422 240 5895 240 5538

312 5551 31Z 6035 31Z 5664
360 5593 360 6082 360 5712
384 5616 384 6105 

3 8 4  
5731

409 5622 409 6117 409 i 5742

480 5706 480 6209 480 i 5824

528 5722 - 28 6225 5ZBi 5§4

SRexid, Str. 18.96 kai Resid. Str. 18.70 kat 18.55 ksi

Recovery Recovery Recovery

0 1187 _ _ 0 1247 _ _ 0 1176 _

1 836 1 887 1 852
_2 788 2 82o30 _2 808 _o

752 ____ 3 7 3 776

S-- ...



AS/4 397

Test--- Creep Test: Creeg Test: Creen

Orient: 45 Orient: + 450 Orient: + 450

SPOc.No:. D38-8 Spec. No: D31-4 Snec.No: D39-10

Temp: R. T. Temp: R.T. Temp: .R.T.

Strem:-j s± 5O% uLt. StVMs:j.- -kj 50% ult. Sb 9.ksi 50% ult.

Elap. Accum. ELap. Accum. Elap. Accorn.
Time Strain Romarka Time Strain Remarks Time Strain Renarks
fhs. (AL in/ in) (1hru.) (A.iul in), (hrs.) (juinI/) ____

0 3406 __,__ 0 3725 0 3418,

0. 016 3447 0.016 3785 0.016 3478 ,

0.1 3494 01 381.. j. 3522
0.25 3502 0.L25 3861 Q.,25 351&
0.5 3518 0.5 3880 2L 5 3554

I 3570 1____ 3935 ____ 1 3588 _____

Z 3630 .. ,2., 39 0 3§ ._ .47-
"4 3676 ,4 4034 4 3678
5 3681 5 4044 5 3684
6 3707 ,,6 4073 6 3708.

7 3719 7 4085 7 3716
72 3949 72 4310 72 3923

IZ5 ....3994 125 4359 125 3q7l

168 4016 168 4383 168 3994

340 4085 340 4454 240 _40Z4

288.2 4086 288.2 4473 288.2 4122 -1
313 4108 313 4497 312 4124
408 4122 408 4512 408 4150 -

432 4143 43.2 45&7 432 !4167
456 4144 416 4532 4.5f 4169
480 4145 _ 4Lo 453o 490 3163
484 4145 484 4526 484 4167

_Reoid. tr. 18.05 kui Resid. Stir. 18. 57 k.i Resid. Str. 17. 67 kai

Recovery Recovery Recovery

0 693 0 919 0 786

1 50.. 14 703 1 59 _

2 464 2__ 3 663 1 556
2.6 456 ...... 6 650 _...6 5492.

391



M/4397
Test: Cr,-eo Tet:Cret -pC e

Orient: ± 5 Orie.-t: I 45_ Orient: . 45

Spec.No: D38-10 Spec. No: D40-10 Spec.No: D36-t0
350 0 5030

30Tp: Temp:__350OF

Strew: 8.31 ksi5 ult. Stssv.jU __josj iJ. Stms 8.31 ki 50o ult.

E1ap. Aciu. Elap. Aeurn. Elap. Acctrn.
Tim.e s•ain Remarks Time Strain Remarks Time Strain Remoarks

(bs. IL in/ in) ____ h~rs-1 (AifufInj Mrs.)__ (Ain/in)

0.1 5Z48 0 15,624 0 14. 399 _

0.016 6085 0.016 2Z, 417 0.016 14,675

0. 1 7Z40 0. 1 3, 672 0. 1 20, 093

0.28 8888 0.28 2s,_z68 0.25 Gage FL ed

"0.5 9589 0.5 2 58 _4 Soo No Failr-I

1 10,770 1 86,029 _

z 11.902 Z Z6, 1,3
3 12,730 3 126.313

4.5 13,359 4.5 86,389

5 13,571 5 26,397 ___

6 13,89 _897 6 Z,-

7 14,180 7 Z' 533

24 16,546 24 Z.t 137

42 jq.157 4,. 27.616-

,7 ZI80,766 _Z.-_ AS, 728
168 .4,982 168 Z9, 177 . ......

182 U~. 463 192 29,414
.16 1.32,160 216 2.9_,_636

Gage Fai ed 240 29, 9Z6

505 No Fadu e 336 :0, 867
384 31 ' 499
433 33,324

________ ~Gate F'ailed_____
505 No Failuz e

Resid, Str. 18.07 Isi Resid. Skr. 18.07 ksi Resid Str. 17.98 ki

Recovery Recovery Recovery

392



i• ~AS/4 3 97
T est-r eeeap Test:. Crep Test: Creep

Orient: 't 450 Orie-t: + 450 Orient: + 45

Spc.No- D35-10 Spec. No: D37-7 Spec. No: D39-4

Temp: 353°__F Tamp: 3500 F Temp: 350°0 F

S ,. .,, ult. StxeSS4.98 3 TS . i 30% ULt.

Elap. Accum. Elap. Accum. Elap. Accumn.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
S(hLa.) (JSiAin) .. (LIE-a.) (MAm/lin) (hrs.l) Win/in)

0 2055 . 0 2451 0 Z130

-. 016 i1.. ._ _ 0.016 2634 0.016 231,)
0.1 2253 o0.1 2758 0.1 2579
0.25 2380 1, 0.Z5. 2946 0.25 2795
C. 5 Z506 0.5 31~j ____ 0.5 Z937

1 2647 1 3337 1 3226
z Z811 z 3575 2 3421
4 3049 4 3931 .. ,4 817
5 3143 5 4076 S 4023
6 3168 6 4139 6 4045

7 3234 7 7 4231 7 4153
24 3813 2____ 4 5031 4971__ ~
48 42•8 48 5713 48 5650
72 4498 _____ 72 6137 ___7Z 6097 ____

96 4706 96 6437 .. 96 6439

169.5 5169 169.5 7135 _ 169.5 7432

Z, 7.5 5397 Z17. 5 7487 217.5 7778
241.5 5491 Z41.5 7633 Z41.5 7830

?.65.5 5588, 265.5 7799 265.5 7953
337.5 5833 337.5 8219 337.5 8330

384 5986 384 8488 384 8524

:iQg0 6057 _ 4 86Z5 40 8643,
43Z 6133 432 8760 43Z 8785
504 6330 504 9158 504 9118

e•sid, Str. 18.36 ksi 3,esid. Str, 19, 00 kei Resid, Str. 17.00 ksi

Recovery Recovery Recovery

3 4315 0 6812 0 6898
1 4040 1 6305 .1 6568

_3. 39.6 25 6059 5I 645Z

393



i!As/4 397 ___________

Test: Creep- Test- Crete Test: •
Otient: + 450 Orient: - Orient: + 450

Spec.No: D36-2 Spec.No: D39-2 Speco: D38-6
00 0Tamp: 350 F Taemp: 3o0 F Temp: 350 F

Stm-s' : 3.32 ksi .0% ult. Sties a8: i 20% ult. Stress 3.32 ksi 20% ult.

Elap. Accum. Elap. Accurn. Elap. Accumn.
Time Strain Remarks Time Strain Remarks Time Strain Remrarka

rai.) W in/in) (h . WPiriin) (hro.) J
0 1423 0 1646 0 1498

LO 016 148•? _ 0.016 1688 0.016 1565

0.1 11548 Ol 1810 0.J 1635
"0.25 1577 _ 0.25 1898 0.25 1652
0.5 1628 0.5 1948 0.5 1682

1 1688 1 ZQOZS 1 1714 ____

2 -775 2 Z2074 2 1748

3.25 1811 3.25 2130 3.25 1784 ____

4 1863 _ _4 2147 4 1813
"5 1889 ____!5 2164 5 1828
6 1910 6 2200 6 1855

' 1942 7 2223 7 1870
Z4 2229 2 _ 4 2411 Z4 Zz11

144 2816 _ _ 144 2833 144 2670
192 Z962 1192 2943 _ _ 192 2807
26.___4 3_3_ 264 3060 264 - -.-
312 3212 31_ 316 31Z 30o3
360 3334 360 U259 360 3140 -
432.5 3464 432,5 3418 432.5 3265
528 3619 528 3638 528 3554

Resid. Str, 18.07:kai Resid. Str. 18.13 ka* Resid Str. 18.00ksi

F ecovery Recovery Recovery

ff"0 4114 0 4567 0 4133 .- ,2 ,3135 2 3100 2 3S98
- 3519 3 3137 3 3206

394



AS/4 397

Test: Creep Teat: Cr . Teat: Creep

Ori*nt: + 450 Orient:.•_ 450 Orient: + 450

Spec. No: D38-9 Spec. No: '.40- 7 Spec. No- 039-1
0 , 0

Temp. 450°F Vemp: 450°F Tamp: 450 °

Stns-: 5.01 ksi 3o' ult. S• L•.•Q 3 o_ ult. s 5.01 ks± 30% ult.

Lisp. Accumz. Elap. Accum. Elap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
Mrs.__,,) (it Wi/n) (bxv.) (Piu/in) (hra.) (Aizu_!n)

0 Gage Fail ed 0 4630 0 7435

SZ9 No Failu, _ 0. 01q 5196 0.011 8077

0.1 5465 S __ 0.1 10.234 ____

0.25 6197 _____ 0.Z5 10.550
0.5 6839 0.5 10,761

1 7546 1 11,056

________ 8435 ____ 2J.iL
_____ 3.25 8992 3.2Z5 11,908
_______ 4 9395 ____ 4 12, 150

______ 5 9720 _ ___ 5 12,344 _ __

- - ~6 9996 _ ___ 6 12,584 ____

-7 0 ._____ 7 12, 783
24 Gage Fai~ed 24 Gage Fa ed

___ 529 No Failure 529 No Failure

Resid. Str. 17.75 ksi Resid. Str. 17.54 kai Residl Str. 17.91 ksi

Recovery Recovery Recovery

395



• As/4397

Test. Creep Test: reeR Test:

Orient: + 450 Orient: + 450 Orient:

Spec.No: D40-8 Spec.No: D38-1 Spec.No:

Tamp: 4500 F Teotp: 450 F Teinp:_ .

StA-,6-lp 10Ult. Stavats: 1.57 ksi 10% ult. Streas ksiL a lt.

Elap. Accum. Elap. Accum. Elap. AccuIn.
Time Strain Remarks Time Strain Remarks Time SLiraiz Rmaersa
Mrs.) Pinlik) Mhrs.) (ninIm) Mhrs.) %iilin)

0 30.. 0 1667

0.016 4115 0.016 2013

0.1 Gage Fail d 0.1 3979

5 Failure 0.2: 4401
S. 0.5 04837_

•i •3 5292
4 5413

________ 5 5:547 ____

_ _ 6 L_5650
<.•7.2 ,5741

• Ga~e Fil ed693 No_ ___I____ a_ _

- Resid. Stiýr. [16. 89 ksi

SRecovery Recovery Recovery

396



_____________________AS/4 397

Too%:- -Cre*B Ruyture Test: CreD1up R~e Test: creepRu~tmre

Oriet: * 450 Orien"t + 450 1 Orient: ± 45
Spc.No: D41-2 Spec.No: D37-1 Spec.!-lo: D40-3

Tm: 0, Tnp:________ Temp: 45 0 F

Stzs18.5 )si5 ul't. strsess-jXJ%5 .1 u).t. StXess 35kajj ~t
Eliap. Accuu. Elap. Accumz. ELap. Aceu
Time Strain Remarks Time Strain Remarks Time Strain Remarks

j~~~~vu.(ra) (Ain/in) -. (b) M~nl)fra.) (Ain/i&)____

0 a a 4No-Ga ____ No cages
0 rai•ied on Loadkz 48Z NoF,,ailu e 326 r'ailure

___"_ -.. _ _ -- ___ _11L

Recovery Recovery Recovery

397



_ _ _ _ _T300/F178
est: Creep Tes• Creep rTest: Creep

Orient: 0_ Orient: 0° Orient: _____.....

Spec. No:. 4-9 Spec.No: E6-4 Spec.No: E8-8

T*Mp: R.T., Temp:. RT. Temp: R..T.
i.Strftu~: 141.1I kxi 90_.. ult. Stre=.* 14 1. 1 ksi_ _0t* Ult St~ZW~j "kai.M*, Ul-t-

!Zap. Accunm Elap. Accurm. Elay. Accum.
Tim• Strain Remarks Time Strain Remarks Time 5Srin Remaiks

~~!1 (~t in/i)s.j (SAinin) Mrs.)__~ (ain/in) _____

0 6882 ..... ... Failed on Loadine Failed on Loading

0016 6891 ________ _________

0.1 6893
.. , O• ~0 2S .. 6897- . .

0.5 6893 . _ . .... .
1 6893 _

2 6895 , , .

Tabs fail ______

-reueatedI-

~ecoeryRecovery Recovery
-.... 3 -98

,tt

________I_______

•i398



T300/F178
Ts- CepTest. Creep- Test: Creep

Orient: 0° Orient: 0 Orient: 00

Spec.No: Z21-12 Spec.No .E5-15 Spec.No :E4

Temp: R.'T. Temp: R.T. Temp:. _ T.

Stxess: 125, 4 ksi 80% ult. StZUW : 125.4 kLai 8% ult. Stres 125.4 ksi 80% ult.

Elap. Accum. Elap. Accum. Elap. Accum,
Time Strain Remarks Time Strain Remarks Time Strain Remarks" ~~~~~(hrs.) (JAin/ in) &hs)(inlha) (r.)Onln

0 6366 0 6869 0 5924

0 .016 6374 . 0.016 6874 0.016 5925
0.1 6372 0. 1 6872 O1_ 01 5916
0.25 6375 0.25 6869 0.25 5919
0.5 6381 0. 5 6875 0.5 5922

. 6380 1 6876 1 5920

2 6376 2 6872 z 5915

"3 6373 3 6871 3 5918

4 6380 4 6877 4 5922
6 6373 6 6868 & 5918

7.5 6384 7.5 6881 7.5 5927
8 6382 8 6880 8 5926

2"4 623 Z4 68_4 24 5929

48 6385 48 6885 48 5927

72 6393 72 6896 72 5939

U 644 .401 144 6911, 144 5946
Ik 168 6409 168 __§916 168 5953
192 . 028 192 69o,7,, 1? 5945
240 6392 240 6901 240 5939
312 6402 312 6911 _312 5948

337 6396 337 6905 _337 5942

363 6406 363 6915 363 5948
389 6401 389 6912 389 5943
413 6402 413 6912 413 5944

509 6412 509 6920 509 5956

Resid. Str. 171.5 ksi Resid. Skr. 170.0 ksi Resid Str. 158. Z ksi

Recovery Recovery Recovery

0- 85 o 87 0 61

1 75 72 1 52

2 702 45

399



____________________T300/F178

Test: Creep Test:. Creep 'Test: __________

Orient;- 0 Orient: 00 Orient: 0_______

Spec. No. E6-~18 Spec.No: £22-10 Spec. No; Es- II

Temp- 3500w Temnp: 35Q0 F TemP: 35Q0 F

Strew. 12 1. 8 Isi 80 f ult. StLVW: 121. 8 kai tut. SXJ ka~%lt

Elap. ACCUM3. Elap. Accum. Elap. ACCUM.
Time Strain Remarks Time Strain Remarks Time Strain Remarks

(ha)(in/ in) _______ (A~j (in/ in) _ ba. = yni)____
0 6445 _____ $*843_____ 0 .,.84.igL

* ~0.01( 6417 _____ 0.016 5849 _____ 0.01. 5863 ___

0.1. 6455 1____ 0.1 5857 _____ 0.1 S873 __

0.25 6457 01___ 0.5 5875 0____ .25 5900 ____

0.5 6472 _____ 0.5 5887 _____ 0.5 5897 ____

1 6492 1 5928 ____ 1 5922 ____

2 6487 Z____ 5941 ____ 2 5915 ____

3 6464 3 5936 ____ 3 5915 ____

4 6468 ___ 4 5865 1__ 4 5859 ___

5. 6472 5____ ;Ragj UM***..
6.2 6476 6.2 5879 _____ 6. 5878 ____

7 6478 _____ 7 S942 ____ 7 5928_____

8 6466 _____ 8 5942 8 5932

24 6468 24 5946 Z____ 4 5900 ____

48 6485 ____ 48 5959 ____ 48 5907 ____

96j 648?7 ____ 96 5937 96 15865 _____

216 6553 _____ 216 5988 ____ 216 5772 ____

263 6547 ____ 263 6025 ____ 263 5771 _____

336 6540 _____ 336 599 336 5655 ____

432 6505 _____ 432 6082 _____ 432 5601 ____

500 No Fatlur ____ 500 NO Fajin~ 1_____ 500 No Failu e

Resid.1 Str. 1176. 5 kai Resid. Str. 155.1 kai Resid. Str. 192.4 kuj

Recovery Recovery' Recoveryfl 126 0 .L... 182 0 -316
,_ _ 107 _____ 1 136 41 4 -370 4

3 10 go 3j -33gj

400



__T330/Z'178

Teat: Creep Test: Creep Test: Creep

Orient: 0° Orient: 00 Orient: 0°

Spec. NO: EZ2-9 Spec. No: E6-1 Spec. No: E7-16

Temp:. 350°F Temp: 3500 F Temp: 3500F
Strei 1 i6.6 7% ult. Strg-106.8 si 7o% ult. S 7• ut.

fElp. Aecunm Elap. AccunZ flap. Accum.
Time $train Remarks Time Strain Remarks Time Strain Remarks
fl- (s.) (m:.int ll) - (two.) (Pinlin) •rar.) (Gln/n)

0.01 5390 0 5339 0 5969
S0.016. 5393 0.016 535s7 0. o0.4 5969

0.15 5402 0.15 5357 o0.1 5966

0.25 540WO ___ 0.25 5357 0.25 5975
0.5 540Z ____ 0.5 5354 0.5 5965

1 5400 1 5364 1 5962

2 5405 2 5361 2 6620

3 5407 3 5362 3 6609
4.2 5403 _____ 4.2 5364 4 6613 ____

5 5407 5____ 5345- 5 _______

6 5404 6 5369 6 6605

7 5405 7 5374 7 6589

24 5402 24 5377 8 6573

96 5386 96 5385 24 6521
•:12-0 5379 120 .537"7•ilr

14.5 5359 145 5358
169.5 5351 169. 5 5369
184 S361 184 5355

280 5335 _____ 80 5359

304 5340 304 5352

352 5327 352 5337
434 5300 434 5337
456 5306 456 5340
504 5303 504 5346

4Resid Str. 136.2 ksi Resid. Str. 146.0 kj __

Recovery Recovery Recovery

1 -17 1 9

2 -20 2 3

3 .26 3 0 _ _

401



'" _ T300/FI78

T~: Creep. Test: Cep.O<Z Test: C'reep

Orient: O Orient: 0 Orient: 0o

Spec.NO: E21-I17 Spec.No: E
4
-10 Spec.No: -7-15

Temp.'- 450 F Temp:. 450°F Temp: 45F

S~tres107.0 ksiWj ult. Sbems: 107.0 ksli7L U3.t- StruM kAxIO'k ult.

Elap. Accum.. EI&P. Accu=rn EIlap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
Lh 0a_.) (t in/ intu •s) (Ain/in) Mhrs.) (plin/i)

0 5518 0 4476 ,_..... 0 Failed Loading

0.016 5539 0,016 4495

0.1 5540 0.1_ 4507

o.Z5 5543 0.25 4508 ......

0.6 5550 0.6 4508
1. 5559 1 4515

z 555C) 2 4516 ....

3 5565 3 4519 ____

4 5568 4 4510

5 5563 5 4514 _

6 557Z 6 001. _
7 5572 7 4508
8*, 5577 _8_ 4513

Z6 5584 26 4505

IZ6 5608 179 4506

164 562?7 Z514 4494

179 5622 314 4519 mE m

251.4 5645 362 4520

314. 5661 432 1 4525

362 5686 480 456Z

432 571Z 528 4609

480 5747

528 5768

Renid. St. 140.6 ksi Resid. ]Str. 136.8kei

Recovery Recovery Recovery

0 234 0 71
Ij 181 __ _ 1 121

6 160 3 -10

402



T300/FI78
Tait, Creep "Test: ..... . Test: ._Crek

Orient: 0 Orient.: 0a Orient 0

_pec.No: E_-_5 Spec.No: 35-19 Spec.No: E2Z-15

Tamp:. 450F , Temp: 4500 F Ternp: 4S0 F

stww:iL.si 60% ult. stne:M U 8  610-% ult. stMM-21aj•i 6o%. ult.

Elap. ACCUMM. Map. Acu ElaP. AccuMa.
Tinse Strain Remarks Time Strin Reniarks Time Sroin Remarks
(brs.) (AwJit)l Mrs.) ($in/14 _Mrs.) (

0 4793 _____ 0 4691 0 4560 ____

0.01 4822 0.1 4710 0.01 4559

0.1 4855 _ 0.25 4711 0.1 4562
0.25 4835 0.s5 4716 0.25 4565
0.5 4852 S _ 1 4721 0.5 4567

1 4843 2 4721 1 4571

2 4848 3 4731 _2 4574

3 4860 4 4730 _3 4579

4 4863 5 4735 4 4579
5.6 4860 6 4732 _ 5 4576

7 4875 72 4792 7 4580
8 4874 120 4816 8 4567
24 4888 168 4825 24 4591

48 4903 240 4833 48 4602

120 4913 7.91 4334 120 4601

.168 4921 336 4830 216 4628
Z16.2 4926 408 4820 288 4619

28" 4923 480 4809 384 4618
313 4923 593 4794 456 5066
336 4931 504 4578

384 4933 _ 1 6. -

458 4941 _

501 4933

R-esid Str, 166. &Uk i R d. 9tr. I7.S&-iR~dJS~.,, 5_3 ksi

Recovery Recovery Recovery

0 118 . 0 66 0 68

1 115 1 53 1 70

. 115 z 45 _ 2 57

3 111 .3 4 3 .56

il 403



__T300/F178

Test: Creep Test: Creep -Test.. Creep

OTient: 90° Orient: 900 Orient: 900

Spoc.No: E14-1 Spec.No: E18-5 Spec. No: ElI-B

-"TeMp: R, T. Temp: -. RT, Temp:. R, T,

Strse: 3.06 ksi 801 ult. StztUS: 3,06 3j 80. ult. Steg%3.06 ksi 80, ult.

Elap. Accuc.- Elap. Accum. EI•F. Acum.

Time Strain Remarks Time Strain Remarks TV=e* Straiu Remarkm
fhLs-Y (Ain/_in) thro.) (JAin/iu)____ bs)(A1/)

0 2269 0 2597 0 2288

0.,016 2296 0.016 2620 _ o0.016 2307

'0.1 2318 0____ .12. 2649 0.1 2335
0.25 2336 0.25 2661 0.25 2353

0.5 2346 0.5 2678 -0.5 2367

1 2365 1 Z696 1 Z382

2 2381 2 Z718 2 2405a 719 3•• 2733 3.'' 2417•

4 2406 4 2745 ____ 4 2429 ____

5 2410 5 27S1 5 2435
Z 414 6. 2751 6 2437

7 2417 7 2756 7 2440

8 2424 8 2762 8 2449

24 Z487 24 2832 24 Z523K48 2488 48 8•32 48_____ 48 2524
S72 2•00 7 ~2&245 _ _ 2 53

144 2515 144 2860 144 2553

168 25z" lbs 2875 168 Z567

192 9 2550 192 2900 192 2591

240 2637 240 2995 240 2683

314 2705 314 3064 314 2751

408 2655 408 3011 408 ?657

1,505 2716 505 3069 505 2709

R-sid Str. 3.35 ksi r. 3.61 ksi Resid.1 Str. 3.24 ksi

Recovery Recovery Recovery

0 566 615 0 508
"I• Solt • 542 1 447

2 .4.90 .. 530 2 438

404
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S!,- T300/P178
Teat: Creep Test: Creee Test, Creep _

Orient: 90o Orient: 900 Orient: 909

. Spec.No: E11-6 Spec.Not E14-6 Spec. No: E13-8

Temp: R. T. Temp: R. T. Temzp: R.T.

Ste~a~j~Js.§_-70f ult. SteS :.-Jlk 0 u3.t. St=s 2.65ks ig. 70% 1Ult.

Elap. Accum.1 - EJAp. Accuxn. Elap. Acu•..
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(bhr.) (Ain/ in) _ _ hrs.) (Ainlin) (hra.) (pin/in _

0 1952 _ 2110 0 Z181
0.01 1980 - 0.016 2124 0.011 2194

0.1 2003 0.1 .2]L 2147 0.1 2220
0.3 2Z010 0.3 2157 0.3 2229
0.5 2019 O. 2160 0.5 2234
1 2030 1 2175 1 2246
2 2051 2 Z219• g 4_266
4 2068 4 2212 4 2281
5 2076 5 2214 5 2287
6 2080 6 ZZ20 6 2290

7 2086, 7 ZZ21 7 2293
24 2122 24 2264 24 2236
48 2193 48 2332 48 Z401
72 2250 72 2387 72 Z453

144 2328 1144 2468 144 2534
168 2346 168 2483 168 2551
194 2317 194 2450 194 2498
218 2320 218 2455 218 2497
232 -320 232 2452 232 2493
328 713 328 2491 328 2529
352 2439 352 2579 352 2598
400 2500 1400 26bO 400 2679
472 2515 472 2670 472 2692
496 2517 96-6 2675 496 2693
520 2500 520 2665 520 2684

Resid. !Str. 3.69 ksi Resid. ýtr. 3.5' ksi Resid Stir. 4. 19 ksi

Recovery Recovery Recovery

0 531 0 627 0 54
1 480 ,566 .1 492
2 468 z L556 2 479

=3 451 3 548 3 476

405



iT300/F178
Test- Creep Test: Treest:. eep

Ot- 90 Orient: 900 Orient: 90

SpC.Neo: EZ6-4 Spec.No. E27-8 Spc.No: E5o0-

Temps 3500 F Temp: 350 0F Texnp: 350'F

s•: 1.78 ks1.i60. ult. stress: 1.78 kai -ý01 ULt. stmeasJaJji to* uLt.

EEp cu lap. Accurn. XIaP. A,,=,.

Time Strain Remarks Time Strain R emarks TiV= Strain Remark*

Mr*.) (A in/in) Mrs.) (/Ain/in) ___ drsA (uiiruI I
0 1788 0 1826 0 Failed on4 Loading

Eo 016 1811 0.016 1971

0.Q i 180 0.1 _ _o70 45 [

____1998M 015 2076 ____ ________

z 2095 2 2248 ____

a 2 1 6 3 3 _Z 1 01

4.5j 2243 4.5 2377
5 2269 5 Z387

-6 2300 6 2411

-7 2334 7 Z450

-8 8 2450....______
" _I 2427 Z.4 2603 ,_

965 25796.5 2699 ____

.1. 2514 .. 9..- 12 4 2769 2

UQ.9Q Failuire 219.9.i Testite dr
"0 Failed or Restart

Recovery Recovery aecovery

406



T300/F178Test,. Creep Test: Creep Test: Creep

Orie-t: 900 Orient! 900 Orient: _o

Spec. No: E52 .7 Spec.No: ESZ-Z Spec.No. ESZ-IQ
0 0Tamp: 3509F TeMp: 350 F0 Tamp: 350 F

Stzs 1,,• -0 . csi__O, Ult. StreS,,".uz:. S_. 50_ lilt. S =. 1.0o7 ksi 5.0% Ult.

nlap. Accum. Elap. I .Accum. Elap. Accuiom.
Time Strain Remarks Time Strain Remark* Time strain Remarks
(hr.,.)l (j&s/ih) _hxs.) (JAI-Alin) -(rs.) (tttn/in,

0 102Z5 0 903 0 __1_%M

0.016 1013 o0.016 950 0.01f 1044

0.1 997 0.11 1006 1___ 0 1 1098

0.25 1020 _____ 0.25 1105025 12
0.6 1041 0.6 111Z o0,6 - 110

1 1081 1 1140 ___141

2- I - 1168 Z 1164 .- 7,- 1171
3 1173 3 1125 3 1.192

4.1 1 4 .1.170 4. t21o
5 __1215 5 1176 _____ 1216__

6 1253 6 1zoo 6 1229
7.1 1264 7.1 1193 7.12I40 ____

8 1293 8 1235 8 1252

24 1496 24 1297 24 1337

48 1774 48..L. 132 48 -A 1415.
144 2606 144 11351 _____ 144 1556
288.5- 3618 288.5 1407 288. 1632
S336, 75 3906 336.7 _.__.4.. 336. 7 1645

384 4171 _____ 384 j 1408 384 1661 ____

1456.5 4565 456-5- 1429 456. 167?
-504.5 4829 504.5 1 1405 5 50%. 1696

Resid Str. 5, 32 ksi Residj. Str. 5. 54 kai Reside Str. 5. 34 k.'i

Recovery Recovery Recovery

0 3813 0 __493_ 0 710 ____

1 3806 ___1___ ....... 672
2 3806 _ 2 414 2, 666

S 3796 _3 426 3 661

40 7



T300/FI78

Test: Creqg- Teat: creen Teat; Creep

Orient: 90* Orient: 90* Orienit: 900

Spec.No: E4-5 Spec.No: £27-i Spec.No: E26-9

Temp: 40 Tep- 450"F . . Taep: 450"

Staw 1. 07 kS± 501 Ult. Stress: 1.07 ksi 50 ik ult. Strews 1. 07 kai SO% ailt.

Lapp. Accum. Lisp. Accumn. EI&p. ACU.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hros.) (Mmin/) (hra.) (Mmin/in) (hrs.) (gin/in)

0 1159 0 Pailed en ladinc 0 Failed on loadinct

-Lfl

0.1 1099 ___

"0.25 1115

3 1220
4 12 41
5 •6fi 1297

7 1315
8 1328:•'' 1552

217 2412
264 2 5 ....

336 2749
ie..290'7 ___

432- .3261

Resid. Str. 3.02 ksi

Secovery Recovery Recovery

0 2220- -f I
1 2118 .

F. 2061 ,,

408



_____________300/F178

Test: Creep Test: Creep Test: creep

Ore: 90° Orient: 90 Orient: 90"
SSp€.No: E27-6 Spec. NoB E26-8 Spec.No: E29-8

Temp. 4500F Temp: 450*F Temp: 450*

,Stree• 0.86 kel 40% ult. Stress. 0.86 ksi 40 % uit. Stxwss0. 06 ksi W ult.

Elap. Accur. Ejap. Accum. Elap, Accurr-
Time Strain Remarks Time Strain Remarks Time Strain Remarks

,'. . { h(!L . ( p in / i ) . (h. tr.i ? a s .) l ( s • ! z )I
0 949 0 1059 0 Failed c loading

0.016 1021 0.016 1053

0.25 1056 0.1 1252 r

1 1073 0.5 1192
L"2 1079 1193.

3 1093 2 1220

4 1126 3 1241
5.1 1121 4 1249
6 1115 5 1263
7 1147 6 1269
24 1166 9L 1274.L
49 11172 24 1297

96 1173.1 ____ 48 1275 ____

- G ~ea led - 169 1435
data ina curate 193.3 1476 _ .... .

240.3 240.3! 15-1
242.1 Failure

Recovery Recovery Recovery

409



T300/F178

iTest: reeD Test: Creep .. _______,_______

Orient: 4550 Orient: ±450 Orient: t450

Spec.No: E39-. Spec. No: E36-10 Spec.No: E37-4

Teanp:, RT Teamp: RT Ternp: RT

.Stre": .02ksi 70% ult. StZess: 12.02ksi 70 1 ult. St=essL2,02kSi 701% ult.

Map. AC__. Elap. Ac, .,. Elap. ACCUM.
Time Strain Remarks Time Strain Remarks Time Strain Rerarka
(r,..") (I in/•I) (hr..) L_ __ _ (h..) (,,/in)

0 4833 0 4513 . _ 0 4627

j 0.016 5017 0.016 4759 ..... 0.016. 5896

o0l 5269 0,1 4987 0.1 6108
0.25 5381 0.25 5085 "0.25 6336

--T 549'-1 -_0.5 1T7 6. 5 648S

1 5626 _1 5282 1 6707-2 5771 2 5400

3.3 5882 3.3 5480 3 6912
4 5932 4 5521 4 6993
5 5982 5 5560 5 7068
6 6023 6 5589 6.1 7126 _

7.5 6071 7.5 5629 8 7211"___

:24 6327 24 5840 23.3 Failure

96.7 7010 96.7 6433
120 7093 _120 6508 _-

169.3 7147 169.3 6558

293 7254 293 6659

312 7289 312 6696
360 1 7350 360 675S

432 7435 432 6841

457.5 7474 457.5 6877

480 7515 480 6913
530 7647 530 7044

597 7775 597 7170

Resi l. Str. 18.94 ksi Resid. Str. 19.71 kal _ _

Recovery Recovery Recovery

3140 0 2790

1.7 2412 1.7 2035

2.7 2371 2.7 1984 "

3_9 _ 2359 '_3 19_2

410



T300/F178
Teat: cr ro .Te- Tst: Cree-rp

Orient: !450 Orient: t45o Orient: ±45 ,

Spec.No: E40-9 Spec. No: E37-1 Spec. No: E35-9

Temp: - T Temp: .
Teuip.•.2

Stxmga;10.30kSi 60% ult. Strss: 10.30ksi 60% ult. StresS10.30 ksi 60% ult.

Elap. Accum. Elap. Accum. Elap. Accum.
Time Strain Remarka Time Strain Remarks Time Strain Remarks
Qars.) (At in/in) (hls.) -(in/in) (_3s) (ChIflu/in).)

0 3870 0 4464 0 4126
0.016 4081 0.016 4642 0.016 4247- i =-

0.] 4265 0.. 4860 0.1 4407
0,25 4348 0.25 4960 0.25 4488
0.5 4454 0.5 5090 0.5 4593
1 4577 1 5246 1 4720

2.5 4693 2.5 5384 2.5 4836
3 4700 3 5389 3 4841
4 4743 4 5440 4 4888
5.1 4795 5.1 5499 _ 52. 4937
6.1 4827 6.1 5539 6.1 4972

4877 8 5598 8 5019
24 5085 24 5844 24 5233

50 5283 50 6090 50 5439
96 5408 96 6246 96 5566

168 5646 168 6524 168 5820
216 5684 216 6574 216 5867
241.5 5681 241.5 6574 241.5 5868
357 5737 357 6640 357 5926
384 5744 384 6652 384 5936

432 5776 432 6693 _ _ 432 5969 .......

504 5821 504 6750 50_ ,6019

Resi . Str. 19.60 kas Resid. Str. 19.63 ksi Resid Str. 18.92 ksi

Recovery Recovery Recovery

0RS 10 ,, 230 0 2033

1320 1 1601 1 1425

1291 2 1560 2 1390
3.5 1200 3.5 1451 3.5 1294

411



._ _T300/F178

Test: Creeo Test: Creep Test: Creep

Orient: t45s Orient: t451 Orient: t45*

Spec. No: E37-9 Spec.No: 036-3 Spec. No: E37-2

Temp: RT Temp: RT Temp! RT

Stzar" .A ki -50 ult. Stees; 8.59 ksi Y5f ult. Stress 8.59 ksi 50% ult.

ElIp. Accum. Elap. Accuwn. MLap. Accum.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hre.) ()A in/ in) (hre.) Wzih/n) (hs)(flinlin) ____

0 3778 0 3446 0 3620

0.016 3901 0.016 3525 0.016 3697

0.1 4014 0.1 3616 0.1 3777

0.25 4097 0.25 3696 0.25 3855

0.5 4178 __ 0.5 3768 0.5 3921
1 4267 1 3850 1 4005

2 4352 -2 3949 2 4082

3 4417 3 4035 3 4137

4 4463 1 4 4082 4 4180

5 4501 5 4121 5 4218

.. 4534 6 4155 6 4245
L 5.. .4.3. __ 7 4178 7 4267

f4 4829 2j 4425 24 4508

48 5007 48 4598 48 4677

96 5207 96 4786 96 4872

168 5372 168 4928 168 5035

216 5373 216 4917 216 5030S24" 5392 264 T 495 24 •

336_ r 4- 50 -

384 5503 384 5044 384 5154
432.5 5563 432.5 5110 432.5 5219

••. 5•2 503 5165 503 5276

Resid. Stz. 19.54 ksi Resid St 19.98 s Pesi. Str. F0.05

Recovery Recovery Recovery

0 2167 0 _ 1720 0 1858
1 1706 1 1366 1 47

-2- 1591 2 1290 2 1390

412



T300/FI78

Test: Creo -- Test: Cree Test: CrLep

Orien"t: t45* Orient: ±459 Orient: 145

Spec. No: E44-2 Spec. No: E34-7 Spec. No 3 4 8 -8

Temp: Te3 5 0 q 7  Tmp: 350F Temp: 350F

-. ,: 7 .30 __.i 50Y, ult. Sts,: 7.30 ksi 50 ult. StQSS7 .30 ksi. 50. k t.

ELap. -AcCWU. Elap. Accum. Elap. Accuim.
Trime Srain Remarks Time Strain Remarks Time Strain RemarksMr. iuth (bxs.) (Ju/nh) (hrs.) Win/in

0 3903 0 3759 0 0 4490

0.016 4195 0.01 4102 _ 0.016 4902

0.1 4404 -- 0.1 4271 _ 0.1 5829
0.25 4543 0.25 4339 0.25 5904

0.5 4712 _-.----, 0.5 4408 _ 0.5 6003

1 4819 1 t498 1 6141

2 5016 a. 4630 - 2 6330
3.6 5177 3.6 4756 3 6507

4 - 5224 4 477- 14 6583

5 5274 5 4831 5 6663

6 5342 6 4885 6 6730

7 5408 7 4929 7 6807
8 5455 8 4965 8 6873

72 6404 72 5810 24 7454

120 6722_20 6088 96 8443
169 697L 168 6299 .. 144 8737

240 719S 240 6543 .192 8961

289 735 - 2 .9 68 264 9212

AAA . d •1_ . U __ 2 993 _46

5U . 781 5 2' 7179 432 9593

- - -______ 481 9679 -

_______ _____ ______ _______ 506.6 9718 _____

Resi Str. 0.78 ksi Resid. Str. 19.22 ksi Resit. Str. 20.81 ksi

Recovery Recovery Recovery

4480 0 3896 0 1 6170

t. 3997 1.5 3478 1 5626

2.5 3921 2.5 3418 2 5513
""3 544

413



Map ..... T300/Fe.78 Test:_ t-_-7F

Orient: t4o. Orient: ±450 Orient: T459

Spec . No: -. .Spec. No: E39-10 Spec. No: E36-5

Tamp: 350F Temp: 350oF Temp: 3500P

St~e•: 5.84 ksi 40 ult. Stig:. 5.84 k•i 40. ult. stress 5.84 ksi 40 ult.

Elis. IAccurn. Elip. Accurai. Plisp. Azcuxn..
Time Straiu Remarks Time Strain Remarks Time Strain Remarks
S__ i.)' ($ t .. (bx,.} ((M&ninxit '___ (rs.) (OWiinn)

25601229397 o 2546 0 2938

0.016 3182 0.016 2654 0.016 2982

0.1 3278 0.1 2782 0.1 3071

0.25 3177 _L 0.25.. 2849 0.25 3140

0.7 3479 0.7 2921 0.7 32:1l

"1.3 3581 1.3 2994 1.3 3292

2 3665 2 3052 2 3348
•: •. •3740 2 : 3106• 3 3404

4 2721 4 3146 4 3447 , '... _

5 3_8_30 _3_3_ 5 3180 5 3489• i6A- 3881 § -65 ! 2,36.5 3528

7 3902 7 3239 7 3545

-_.... 8 3259 8 3568
ZA4 ..... 499 __ !24.. 3527 24 3830
72 4687 _72 4008 72 4187

141... 5045 _144.5 _4308 144.5 4484

192 5235 ., 192 4419 192 4624

240.13 5322 240.1 4521 240.1 4742

312 5395 312 4623 312 4886

336 5431 336 4644 336 4943

360 . 5469 360 4669 -i360 4988 ...

408 5541 _ . 408 4728 408 5067

480 5645 480 4776 480 5182

500 5669 500 4795 5o0 5217

.l q tr• 7.84 kai .Bui . Str. 15.72 ksi Resid Str. 20.62 kal

P ecovery Recovery Recovery

1.L 2888 _0 ] 2433 0 2450

5 2619 115 2172 2193

4. 2582 22 2147 -2 _ 2170

2%17 3 2 18 13 2139

414



_ _ _T300/7178

Test: Creep Test: Creep Test: Creep

Orient: t450 Orient: +45 Orient: ±459
Spec.No: B43-5 Spe¢.No: E48-7 Spec.No: E44-3

Temup: 350*F .Temp: 350oF Temp: 3500F

s•es:.4.38 ksi 301 uLt. Stxis 4.3e )hs* 30% I1tu. stxx5 s 4.38 ksi 30t iut.

Maap. Accu= Elp. Accum. Elap. Accum.
Time Strain Remarks Time Stain Remarks Time Strain Remarks

o 2226 0 2087 0 2288

0.03 2337 0.03 2160 003 -2321

0.13 2413 0.13 2242 0.13 2354

0.25 2472 0.25 2291 0.25 2385

0.5 2541 0.5 2341 0.5 2420

1 2618 1 2397 1 2470

2 2719 2 2467 2 2529

3 2772 ____ 3 2510 _____ 3 2571

4 8227 4 2548 4 2602

5 2873 _5 2583 5 2631

6 2910 6 2603. 6 2652

7 2440 7 2627 7 2671

S24 3217 24 2839 24 2893

48 3406 48 2981 48 3054

120 4629 120 3722 120 4282

166.4 3850 "3.4 3290 168.4 3458

3979 216 3371 216 3561

288.5 4162 288.5 3517 288.5 3696

336 4274 336 3594 336 3770

384 4381 _ 384 3685 384 3842

45.56 4517 456 3802. 456 3920

504 4601 504 3866 504 3969

LRe" Str. 20.49 ksi Resid. Str. 20.53 ksl Resid. Str. 20.61 ksi

Recovery Recovery RecoveryI . 2704 0 2003 0 2050

2555....L1 1857 1 1879

2 2536 2 1837 2 1867

3 2518 2t 1817 3 1851

415



tT300/F178
Test: Creep~ Test: Creep

Orient:,4~ Orint: t4a* Orient: t445

Sp.Q•.Wo: E48-6 Spec.No: E43-10 Spec. No: Z34-6

-Tamp: 40* Temp- 4506r Temp: 450F "

st=s: 4.87 ksi 401 ult_ strswi 4.87 kai 40% u1t_ Strng 4-87 ki••0 ult€.

EAI&P. Accum. Elap. ACIU= Acu%

Time St.in Re•na-ks Time S&4.n Remarks TLZ4 Stalu Rem k.fbx.>." (; in_•/• in)ft .) Pwiu)/,, - . lr. sn n

- 2613 0 2490 " 0 2427 )

0.016 2642 0.016 2538 0.016 2495

0.1 2841 0.1 2958 2778

0.2S 297.25 3129 0.25 2873

0.5 3054 0.5 3268 0.5 2965 _

,,1.1 32.1 •I' 34r9 1.1 3124

2 3354 2 :68 2 - 3-292

3 3461 3 38 38 341

4 3560 4 4004 4 3524 _ _

5 4-ih-.... .. 135.. 5 3615 _____

36z 6 3687

7 3757 7 4399 7 3772

8 3856 13 4434 3798
24 4826 24 4693 724 4093

48 5440 48 4966 48 4382

120 6421 120 5556 120 4898

168 6902 168 5834 158 5124

2.1.L. 7 4216 1 6118 216 5342 .
S22 UA4 L. 288 6490 288 5600

:37 0523 337 6750 337 5783

go%4 9 -.• 384 7405 384 5945

480 10278 480 8125 480 6314

503 10640 503 8290 .503 6417"

Resid. Str. 3.72 ksi Resid . Str. 16.37 kal fesid Str- L.6.56 ki

Recovery Recovery Recovery'

0 8077 " 0 5978 0 4079

1 7464 1 5753 -28 A

2 2~ 5666 ____ 2 3888

7197, 3 5599 3 3853

416



S~T300/r178
STest: CrTest:est: ?3ee7 Test: Cree

OTie: ±45 Orient: t456 Orient: t450
SpcN:E44-6 Spec. No:. 934-8 5ptN:E43-3

Spec. No: _~ - Sec a Spec. No:_______

Temp: 450*? Tamp: 450*. Trp 450P

Stzsus 3 . 6 5 kei 301 ult. Stsam 3.65 kni 30 ult. • stm• 3-.65 ksi 30. ult-

flup. Accum. Elap. Accwn. Mlap. Accurm.
Time Strain Remarks Tune Straia Remarks Time Strain Reoxarks

o 1677 0 1593 0 1918

0.016 1733 0.016 1.665 0.011 2011

0.1 1831 0.1 - 1828 0.1 2139

0_ 75 1912 0.2S 1988 0.25 2200
* 0.5 1977 0-.5 1934 _____ 0.5 2264 ____

.1 2067 i_1.1 2034 1.1 2381

2 2175 2 2131 2 2491
V. 3 2279 3 2223 3 2587

4 2359 4 2292 4 2667

5.1 2434 5.1 2360 5.1 2742

_.__6 2475 6 2411 6 2793

7 2525 7 12461 _____ 7 12847 ____

a 2576 _____ 8 2501 8 2900 ____

24 3028 24 21939 _ _ _ 24 3310

144 . .i.3935 ],44 3788 144 4365

1L, _.4146 192 4021 - 192 4523

240 4319 240 A117 240 4657
- 12 4596 312 4437 3_12 _4800

"360 4758 360 4705 360 4875

408 4931 _408 4929 408 4967

480 5208 480 5301 460 5089

504 5283 504 5464 504 5126

Resjd. Str. 15.35 k. Resid Str. 10.39 ksi Resi . Str. 20.05 ks

Recovery Recovery Recovery

0_ 3753 0 3826 0 3607

1 3574 1 3741 1 3424

32 538 2 3715 2 3397

! 3- 3519 3 3690 3 3353 _

417



APPENDIX J

THERMAL EXPANSION DATA

All of the thermal expansion data generated during this
program are presented in this appendix. In addition, a typical

thermal expansion curve is included at the end of the section.

These data are summarized in Section 4.
N!
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&

Matiria *: SP31.3 ..... __rahi/tei/.. xy
Fiber Temp. Coeff. Therm.

Specimen Orien- Range Expansion
Number tation (OF) (10 6lin/in-ov) Remarks

A37-4 00 -67÷72 0.14 1 Difficult to Masure

A37-4 00 72÷170 0.01 these very low values
A37-4 10 175-350 0.47 with a dilatometer

A37-5 00 72 +200 -0.04
A37-5 00 .200-380 0

A37-6 00 -70)72- -. 17

•-A.37-6 ! 0 9 72-+260 .- n.0f2

A37-7 .D? 22165 •0 'Double the nora l lnng1_h

A37-7 00 72÷*175 __________ -0____________

A37-7 00 72-165 ---0

A37-7 00 72÷165 1--0, .... ......
A37-7 00 72÷215 &=_0

A37-7 0° 165÷35o 0.16
A37-7 00 175-350 0.11

A37-7 0V 165,350 0.12
A37-7 00 165+350 0.08 "

A37-7 0° 215-350 0.19

A37-1.. -71+ 1 77 I S I

A37-1 900 -. +350 1753

A37-2 900 -69 -)-70 15.3..
'iA37-2 go* 73÷*350 19.1

A37-3 90g -69 -73 15.7
A37-3 90g 98-350 19.7
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Test: To ic ns on
S• Materials: _______-_.....________/__o_-____-Fiber Temp. Coeff. Therm.

Specimen Orien- J-ange Epansion
Number tatiOn (*F) (1-O"in/in-OF) Remarks

SA61-_ I -+Zt450_ _-67-o-72 ........ i.
SA61-1 ±-45'- 7743851 1.93

A61-2 +-45* -67-72 192 -2

A61-2 +45'0 77+354 1.97

A61-3 +450 -67-72 1.93

A61-3 +45* 98-360 1.92
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-Te t : Coelffc ient of Te EM 1 ans io'..
Materia ________3_4

Fiber I T emp. Coeff. Therm.
Specimeri Orien- ,.nge Expansion

V. Number ta tion (OF) (10-Gin/in-F) .Remarks

C30-4 0. -70150 -0.003 Very. diff__rill_ _;1

-C30-4 0 ° 80+275 -0,Q0 o.btain ac curat e valu es
C30-5 00 -70___65 -0.007 when the expansions areZ
C30-5 00 75+275 -0.008 this low

-30-6 00 -70-65 -0.007

C30-6 00 90*275 -0.004 ..

C30-1 900 -70-60 16.4 " .. ... .. .

C30-1 900 '-65+70 15.9
C30-1 900 80-275 16.2

C30-2 900 -70+50 17.7

C30-2 90* 75)275 16.7

C30-3 900 -70)70 18.1

C30-3 0oo 75-275 18.0

C 3 6 -1 + 4 -7 5 1 0 ...... .• ~ ~~C36-1 -+450o "5 ]0 ,, -
3-5 10ý-53 1.26

c C66- +450 119+300 1.89

±45 .145-300 1 .78 ... .. .

C 36-2 +45 -75+57 :to

C36-2 +450 57,95 2.15

C36-2 +450 130-30 0 2.07

C36-3 +45 0 r70,-15 =_0
C36-3 + -15-71 1.36

C36-3 + 1.44
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Test: Coe fLcient0 4fm yIi1 a
Ma -Mterials; AS/-7 Graphie/Poivimide

Fiber Temp. Coeff. Therm.
Specimen Orien- Range Expansion
-Number tation ( (10-(in/in-2P) Remarks

D44-1 9• -0 _J-86 _114.2
D44- 17.5
D44-1 0  8115 16.7
D4A-1 goo 3001 22.8 :

D44-1 90 14004+500 26.4

SD 44-2 .900 69+ I 60 . ...14.1 ............. _-.

£i ~~D44-2 90o 85.321 ... 1.7..2..

D4.4-2 900 72+145 15.5

•D44-2 20 310-A00 19.5
D44-2 90. 400-6.4609 26...

D44-3 900 1-78-64 13.9

D44-3 900 80+285 16.5

D44-3 9U 0 71+170 15.3

D44-3 9.0 2900375 19.5 ,,

D44-3 900 375+470 25.3

.a~f.=I.~.. 4Ži ..~a±.a. ~ 0 _ ____ _... . ....__ ___

.lQ .L ........... - + . 26... .
SD60-1 +_457 -_8 -74 ..... 1.26

D60-2 +-45 -4070 - 0

D60-2 ±45 71+1501 o __
D60-2 ±45 300+390 3.35

D60-2 ±45 1395+.475 3.85

D60-3 -45 5 ___I___-30 Ai

D60-3 ±45 1-30+43 1.40

D60-3 ±45 0 72,120 • 0
D60-3 +-450 285+400 4,04 1
D60-3 ±45 400+485 5,16 _

D44-4 O 74+270 0
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Test: Coefficient of. ermal Expanslon
R-terial* .T3001F178 Graphite/Polymid.

S m Fiber Temp. Coeff. Therm.
Specimen Orien- Range Expansion

.Number tation (OF) (10- 6 in/in-OF) Remarks
E33- 90 -54472 17.7
E33-1 900 7P9)143 16.8
"33-1 900 252"*345 24.0

l33-1 900 318"475 22.2

" E33-2 900 -44"*77 16.9
. E33-2 900 77+*143 16.9

0

-E3- 296345 24.4
E33-2 18-475 24.1

E33-3 900 Z- 16.9

E33-3 900 274143 17,5
E33-3 900 85+147 U7_.92

.E33-3 900 296"+350 24.5

E33-3 900 301-363 22.7
E33-3 900 341+475 25.5 ____,___,,__,______,,,_

E47-1 +4 0 -100+81 2.25 
....... 

.......... .

E47-1 -+45 " 81÷47! 1.47
FE4E47-1 -4g o 77-+29E 1.80

E47-1 ±45o 210+387 2.10

•,•l E47=2, -+45° *÷ ]? n

E47-2 --AS -69-*OQl 2.18

74E47-2 +45 81+475 1.90
74E47-2 +450 86+209 1.70 

l

E47-2 +450 09.386 1.93

E47-3 ±45o -95+68 2.02
E47-3 +450 77+372 1.86

E47-3 ±45 Z96-+475 1.55
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•I APPENDIX K
•i SPECIFIC BEAT DATA

All of the specific heat data generated during this

program ara presented in this section. A typical set of'',
differential pcanning calorimeter (DSC) tracer, from which
specific heat is determined, is included at the end of this
section.
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Test: Specific Heat
Materials AD .1 'Aj

Avg., Specific
Specimen: Temp. Beat
Number R emtu/a)-°F) .emarks

*i ... A35-L -15.. 0.25 all tests on SP313 used a
•i?• 351-1 J.12 . 0..24... drop calorimeter --

• ' A3-I Ii00.•24'

. A35-1 83 0.23

A35-1 -66 0.17

! A35-1 -66 0.16

A35-2 214 0,28

A35-2 142 0.26

A35-2 109 0.22 .. ...........

A35-2 83 0.26

A35-2 -33 0.21

A35-2 -66 0.17

-A35-3 21q 0.24
A5- . 3-- .A 0-21•

AA35-2 1l9 _•g. 026........

0__A35-3 Q_ _ __-_27_.....
SA 3 5 - 3 , -fi t 0 -1 1

4 _ _ _. 
..

__ _I _ _ _ _ _ _ .. ......
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Test: Specific Heat __________

Materials: . AS/3004

Avg. Specific
Specimen Temp. Heat

. Number (OF) 'Btu/ib-' ) Remarks

C3A 50 0.18 All values on this page
••C3A 68 0.18 determined using a. Differential

C3A 86 0.19 Scanning Calorimeter technique

C3A 104 0.19 with sapphire (A1203) as a
C3A 122 0.20 reference.

C3A 140 0.21

C3A 158 0.21

M-A 176 0.22

C3A 194 0.22

C3A 212 0.23

C3A 230 0.23

C3A 248 0.24

C3A so 0.17

C3A 68 0.18

C3A 86 0.18

C3A 104 0.19

C3A 122 0.19

C3A 140 0.20

C3A 158 0.20

C3A 176 0.20

C3A 194 0.21

C3A 212 0.21

C3A 230 0.21

C3A 248 0.22
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Test: S ecific Seat
Materia.ls: AS/3004 -:.

Avg. ISpecific
Specimen Temp.ea
Number (OF) (Btu/lb-*F) Remarks

C3B 50 0.18 11 values on this page
C3B 68 0.18 etermined using a Differential

C3B 86 0419 canning Calorimeter technique

C3B 104 0.19 lith sapphire (A1 2 0 3 ) as a

C3B 122 0.20 reference.

C3B 140 0.21
C3B 158 0.21

6C3B 176 0.22

C3B 194 0.22

C3B 212 0.22

C3B 230 0.23

C3B 248 0.23

C3B 50 0.18

C3B 68 0.19

C3B 86 0.19

C3B 104 0.20

C3B 122 0.20

C3B 140 0.21

C3B 158 0.22

C3B 176 0.22

C3B 194 0.22

C3B 212 0.23
C3B 230 0.23

C3B 248 0.24
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Test: Specific Heat
at•erials: AS/4397 & T300/F178

Avg. Specific
Spcmn Temp. Heat

Number (OF) (Btu/Ib-oF) Remarks

AS/4397 Graphite/P lyimide All values on this page
S_______ ....... determined using a

Dl -67 0.142 Differential Scanning

i D1 72 0.192 Calorimeter technique with

Dl 350 0.309 sapphire jA1 20 3 ) as a refer-

Dl 450 0.333 ence.

T300/F178 Graphite/P lyimide
\! ________________ _______________ ______________________

El -67 0.136
El 72 0.190

El 350 0.298

El 450 0.313
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APPENDIX L
THERMUL CONDUCTIVITY DATA

All of the thermal conductivity nwaisuiremnit tma during

this program are tabulated ii this section. Sbtiikie of these
K data are presented in Sectioh 4.
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Test: Me-ErCon ::tivIty -______.. •~-t-er~alsz sP3L3. ... ......
Fiber Thermal

Specimen 0rieh- Temp. Conductivity
Number tation --(OF) (BStu-ft/ft 2 -hr-op) Remarks

A60-1 00 -132 0.195

A60-1 0 . -132 0.199

A60-1 00 -119 0.214

A60-1 01 -102 0.196

A60-1 00 -1 0.241

A60-1 00 36 0.321

A60-1 00 68 0.272

A60-1 00 89 0.281

A60-1 115 0.316

A60-1 00 186 0.288

A6o-i 01 210 0.360

A60-1 00 224 0.308

A60-1 00 235 0.309

A60-1 0 269 0.323

A60-1 0( 302 0.323

A60-1 0 362 0.369

A60-2 -97 0.184

A60-2 00 -94 0.264

A60-2 00 131 0.375

A60-2 0o 205 0.354

A60-2 00 217 0.377

A60-2 00 230 0.354

A60-2 00 243 0.365

A60-2 00 295 0.363

A60-2 00 351 0.425

A60-2 00 381 0.426
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Test: feOMa Con luct ty
Materials. SP313______ _______

P'iber Thermal
Specimen Orien- Temp. Conductivity
Number tatiori _ ('F) (Stu-ft/ft2-hr-op) Remarks

A65-1. t45* -48 0.235 ________

A65-1 t45* 59 0.275

A65- ±450 227 0.317

A65-1 t450 358 0.349 ________
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Test: Thermal Conductivity.
?Materials: AS/3004 .. hite/Polvsulfone

Fiber Thermal
Specimen Orien- Temp,. Conductivity
Number tation (OF) (Btu-ft/ft 2 .-hr- F) Remarks

•,C33-1 00162 0.18-6

C3E-1 00 1 56 0.277

C33-1 00 80 0.259
C33-1L 0G 91 0,330

F C33-I 00 177 0.123[C33-1 00 228 0.344

C33-1 00 237 0.349
C33-1 0 289 0.336
C33-1 00 311 0.225

C33-1 00 364 0.343

C33-1 00 378 0.331

C33-2 00 -111 0.298

C33-2 00 -36 0.301

C33-2 0° -36 0.291

C33-? 00 12 0.313

C3--2 O0 68 0.336

C33-2 00 113 0.363

C33-2 0 257 0.412

C33-2 00 324 0.339

C40-1 ±450 -40 0.231

C40-1 +450 1ii 0.255

C40-1- ±450 89 0.305

C40-1 +450 255 0.280

"C40-1 +_450 325 0.286

C4C-2 ±450 151 0.328-.- ~i- 2i __-0 177 0.338

_040-2 ±_-450 257 0.342
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Test: Sermal onductivity(,,..,Material ,:397 Grapfi vPlimide

Fiber Thermal
Specimen Orien- Temp. Conductivity
-Number tation (9y) (Btu-ft/ft 2 -hr-QF) Remarks

1)•D49-1 00 -69 c,281 _ _00

D49-1 00 -29 0.367

D49-1 00 32 0.328 _______

D49-1 00 61 0.404
- D49-1 00 90 0.347

D49-1 00 109 0.424
D49-1 0 137 0.418
D49-1 00 161 0.441
,D49-1 0 174 0.418

D49-1 00 189 0.418
D49-1 00 205 0.421
D49-1 00 225 0.406 .....
D49-1 00 246 0.429
D49-1 00 271 0.394
D49-1 00 318 0.475
D49-1 00 322 0.449

D49-1 00 342 0.491

D49-1 0_ _ _ 342 0.532 ........
D49-1 00 367 0.460

D49-1 00 388 0.469 .. ..... ..

D49-1 00 405 0.471
D49-1 00 433 0.490 _ _.....

D59-1 +450 158 0.357

D59-1 -±450 160 0.357

D59-1 ±45" 180 0.324
D59-1 +450 203 0.383

D59-1 -450 234 0.361

±450 255 0,342

D59-1 ±450 279 0.387
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Test: Thermal Conductvity,
Materials: T300/F178 Graphite/PoQvimidg

Piber Thermal
Specimep Orien- Temp. Conductivity

Number tation (OF) (Btu-ft/ft2-hr-OF) Remarks

E32-1 00 151 0.263...
E32-1 00 174 0.255

E32-1 00 243 0.332

E32-1 00 266 0.327
* E32-1 00 288 0.286

* E32-1 0a 338 0.398

E32-1 00 358 0.370

E32-1 00 367 0.369
S32-1 0 379 0.396

E32-1 0° 399 0.391

E32-1 424 0.375

E32-1 Q° 446 0.360

SE32-I 468 0.440
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APPENDIX M
GLASS-TRANSITION TEMPERATURE DATA

The glass-transition temperatures determined for the
materials characterized during this program are presented
here along with a typical thermo-mechanical analyzer (TMA)

trace, from which Tg's are determined.

ST (or)
Composite 9
Material Dry Wet

SP313 None observed 250
from -67*F to
450OF

AS/3004 417 379

AS/4397 472 264

T300/F178 None observed 246
up to 450OF
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APPENDIX N

HUMIDITY AGED TENSION DATA

All of the tensile data generated during this program on

specimens which had been humidity aged at 160OF and 100% R.I.

are presented in this section. Summaries of th•e.-data ate

tabulated and plotted in the form of stress-strain curves, in

Section 4. No +450 tensile tests after humidity aging were

conducted on the T300/F178 material. Only p o tzmpetare

tests were run on saturated AS/4397 material ,in_ the+450 con-

figuration.

i I
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APPENDIX .0

IWMIDITY AGED INPLAIE Sl . DAT -

All of the inplanie shear data generated during this pro-

gram on specimens which had been humidity aged at 1606P and

100% R.N. are presented in this section. All. of':the data were

obtained using the +450 tensile coupon (Sec. 3.5.4). Summary

tables and stress-strain curves of these data are presented in

Section 4. No inplane shear tests after humidity aging were

run on the T300/FI78 material and only room temperature tests

on saturated AS/4397 material were run..
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Test: Inplane Shear After Environmental Aging at 160OF and

100% R.H.

Materials: SP313 .Inplane{ Test Ult. Shear Ult. Exposure WeightInp ane ,,Gaini

Spec. Fiber Temp. Stx'egth. Modulus Strain Time Gain
•%Nn. Orien. (.*F) (ksi (106 ps (in/in) (hrs) (%

--2 5*5 - 72 10.70 0.72 48 0.78
A4- +4A5.° 12 i0.68 0.81 - 48 0.81

10.65_ 0.76 48 oB
A55-II _45O 72 10.65 - 48 0.84
A52-!0 ±450 72 11.04 0.68- 48 0.80

i2-. A±45A 72 11.00 7 - 48 0.8
A___v 10.81 0.74_ _ - 0.81

Stdý o_ 0.19 0.05 _ .02

m • --4 ±4 26n L.33 .5 -- 45 .... .84

Ai4--1 --+45 26. 6.664 0.55 -5 48 0.84

Ai3--3. .4A.5 245 0 6 .5 0.48 . 48 0.73

Af 4 5 5 26.0 7,95 0.597-- 48 0.82

I A53~--7 -450 260 7.27 - -48 0.84

___w_ 7.35 0.55 - 0.81

___Q A~. .05 ~ _ _ _ 0.05SiF o-.48 0.o0-5~o

2- • _ 01 72 10.45 0.79 1512 1.61

+45 0 "2 10.90 0.74 - - 5T2

A54-9 ±450 72 10.65 0. 69 - T
SA55-2 ±-45. 72, 1 i0.70 C.7451
A53-4 ±450 72 10.55 0.-77 - 15!2 . .. T

"5 0.75-- 1.55
- 0.75 .0.04• Std D•_,• , . O. 13. 0.0.5... . ..

635 0.42- 1536 1.56
0.5 _ 1536 1.64

-A5.5.!~-7 5° 2- 0 645 0.-2 - 13 1.62
A52-7 L45- 260. 6.75 153"6 1.59

7.05 0.49 - i536 1.55

Avg 6.6L 0.46 -
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Test: Inplane Shear After Environmental Aging at 1606F and
100% R.H.

Materials: AS/3004
Inplane

Test Ult. Shear Ult. Exposure Weight
Spec. Fiber Temp. Stregth. Modulus Strain Time Gain

No. Orien. (°F) (ksi) (106 psi) (in/in) (hrs) (%)

C42-8 ±450 72 22J61. : .- )33-....-- ,A .3--
C55-1 +AS4 72 15.53 0.53 - 3 ..... 30.2-.o
c56-6 ±45- 2 222-13 0.5S4.26 -C 5 4 - 8 -1 4 5 .! 7 2 . 0g f 's '> Ai - -j

C55-7 ±450 Z722. IJ25 . -3 - .0.2-
-- ISPA ~0-5 0I

A Eo jaR_74. 5...4 - -----
Std De% 01 .07 .m

S-; + 4S S0 nf 1. -01

C_41-2 _+4;O 250 10-80l 0.55_ -1 3 -70

SC47-t5 ±4r.0 25l IJJ J 0 52- 3 - 4
C44-5 +450 25Q 8.99 0.41__ 3 029 4

S~Std-Del 0.9-007 -•

-47_-4 +45" 72 15.61 . - 576 n.AA
46- ±450 72 1682 0•64 - 576 a S1
45-ý -±450 7-2- 15.91- 0.59a- 576 Q. 4S

Z 455-- I_±450 72 15.24 .555 -576 n 4

.50-6 +450 -72 1 062 - __ 57 .4
Av -6 1§.26 . -,,._ 00.40

Std De _ 0.22 0.03 __ _- .. ...____

50-7 -+450 50 13.2B _ 05, - 56" 0.41
50-2 ±450 250 11.78 526 0-45
45-1 ±45° 250 10.38 0.47 - 526 0.46-+
50-5 +450 250 12.50 576 - 5 0 4L

rA 3 1.98 Q,48 - -4

Std Dev 1.23 1 0.02 Q-02

450



Test: Inplane Shear After Envi.ronmental Aging at 160*F andi• ~100% R.H.

"Materials:: AS/4397 _ _

Ifnplane
Test Ult. Shear Ult. Exposure Weight

Spec. Fiber TePp.I Stregth. Moulus Strain Time Gain
No. Orien. (*F) (ksi) (10 psi) (in/in) (hrs) (%)

D31-5 t450 72 9.12 0.73 - 984 1.52
D33-4 +450 72 9.4 '_077 9-84 D.7 -
D34-10 .453 72 1 .178 - 94 I.8I•D35-7 ±40 72 9.36 .0.75 -984 -1.26
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APPENDIX P
HUMIDITY AGED INTERLAMINAR SHEAR DATA

I All of the interlaminar shear data generated during this

program on specimens which had been humidity aged at 160 0 F and

1.00% R.H. are presented in this section. These data are sum-

marized in Section 4.
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Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 1606F and 100% R.H.

Materials: SP313 L/D Ratio: 471

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain
Number (OF) (psi) (Mrs) (%) Remarks

iA35-11__ 72 .11, 710 504 -078- 5Q% Satnratea

A35-2 72 11,880 504 0.85 50% Saturated
A35-10 72 12,160 504 0.68 50% Sa~turatd
A35-43 72 !2r660 504 0.72 50% Saturated

r-A35-21 72 12,550 504 0.64 50% Saturated

L Avg ... 12,190 0.74

Std Dev 410 0.08

A35-27 260 6,780 504 0.81 50% Saturated

A35-34 260 6,660 504 0.73 50% Saturated

SA35-26 260 6,450 504 0.73 50% Saturated

A35-38 260 6,650 504 0.83 50% Saturated

[ A35-42 260 6,660 504 0.74 50% Saturated

Avg 6,640 0.77

Std Dev 120 0.05

A35-36 72 10,090 1870 1.41 Saturated

A35-24 72 10,250 1870 1.23 Saturated

A35-14 72 9,440 1870 1.54 Saturated

A35-30 72 9,780 1870 1.45 Saturated

A35-19 72 10,180 1870 1.48 Saturated

Avg 9,950 1.42

Std Dev 340 0.12

A35-8 260 6,110 1870 1.30 Saturated

_A35-23 260 6,080 1870 1.53 Saturated

A35-25 260 6,030 1870 1.53 Saturated

A35-38 260 I 5,830 1870 1.59 Saturated

SA35-44 260 6,050 1870 1.68 Saturated

_Avg 6,020 -. 3

Std Dev 110 0.14+

453



Nl.

Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160OF and 100% R.H.

Materials: AS/3004 L 0Ratio: 4/. 1 _..

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain
Number (OF) (psi) (Hrs) (%) Remarks

CS5-13 2255 .5~1 25% SaturatesA

C5-30 72 . 8,640 5 .. 0.48 751 Saturated

.C5-22 .. 2 .93 0 552 .50 75% Saturated
C- 7 9,33Q 55 .44 75% Saturated

"C5-10 72 9,_320 __.52_ 0.51 75% Saturated
Avq 8,800

[sta ev 870 .....

C5-25 250 6,300 552 0.46 75% Saturated

C5-22 250 7,400 552 0.47 75% Saturated

C5-31 250 6,550 552 0.92 75% Saturated

C5-38 250 7,610 552 1.39 75% Saturated

C5-28 250 7,430 552 0.20 75% Saturated
Avg 7,060 0.69 _

Std Dev 590 0.47

C5-33 72 8,520 625 0.60 Saturated

C5-37 72 8,080 625 0.82 1 Saturated
C5-36 72 9,090 625 0.83 Saturated
C5-34 72 8,280 625 1.09 Saturated
C5-16 72 loaded tooCS1 2ftAM 625 1 _0 ••+

Ava Q. 4.94 •

-d, nDM AM) 0_ 19

C5-3 250 1 --. 25Q0 625 1.04 Saturated
SC5-40 250 6,450 __625 0-. ,87. Saturated

C5-21 250 6,070 625 1.00 Saturated

C5-39 25Q. 6.470 625 0.75 Saturated
C5-6 250 7,420 25 0...70 Saturated

Avg, 6,530 .... 0.87J.
Std Dev 520 0.15
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. Test: interlaminar (Short-Beam) Shear After Environmental
___ Aging at 160OF and 100% R.H.

SMaterials: AS/4397 Ratio:4!..

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain

Number (OF) (psi)- rs) M Remarks

" D9-18 72 13,450 44 0.66 45% Saturated

D9-24 72 1-6000 44 0.58 45% Saturated

D9-29 72 17,930 44 0.67 45% Saturated

D9-32 72 16L130 44 0.58 45% Saturated

9-43 72 18,350 44 0.64 45% Saturated

_"_Avg 16,370 0.63

Std Dev I1940 0.04

D9-25 _350 11,620 44 0.60 45% Saturated

D9-33 350 11,120 44 0.68 45% Saturated
D9-36 350 12,590 44 0.46 45% Saturated

D9-42 350 12,150 44 0.53 45% Saturated

0D9-44 350 12,820 44 0.70 45% Saturated

Avg 12,060 0.59

Std Dev 700 0.10

D9-28 72 12,140 840 0.80 Saturated

D9-8 72 12,990 840 1.26 Saturated

D9-3 72 12,710 840 2.85 Saturated

D9-9 72 13,450 840 1.22 Saturated

D9-19 72 9,350 840 1.10 Saturated

Avg 12,130 1.45

Std Dev 1,620 0.81

D9-37 350 7,290 840 0.99 Saturated

D9-10 350 6,830 840 1.25 Saturated

D9-31 350 6,680 840 1.26 Saturated

D9-15 350 5,750 840 j 1.91 Saturated

D9-14 350 5,880 940 1.00 Saturated

Avg 6,490 1.28
Std Dev 810 0.37
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Test; Interlaminar (Short-Beam) Shear After Environmental
Aging at 160OF and 100% R.H.

Materials: T300/F178 I..-__ - L/D31o 4..

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain
Number (°F) (psi) (Hrs) (%) Remarks

E9-34 72 13,060 21.5 0.84 50% Saturated

E9-41 72 12,240 21.5 0.76 50% Saturated
E9-32 72 13,130 21.5 0.83 50% Saturated

E9-35 72 12,880 21.5 0.62 50% Saturated

E9-42 72 13,950 21.5 0.80 50% Saturated

Avg ...... 13,050 0.77t Std Dev 610 0.09

E9-43 350 7,650 21.5 0.75 50% Saturated

E9-24 350 7,430 21.5 0.72 50% Saturated

E9-37 350 8,330 21.5 1.00 50% Saturated

E9-31.. 350 8,210 21.5 0.65 50% Saturated

E9-39 350 8,400 21.5 0.72 50% Saturatedj'Avg _8,000 0.77

Std Dev 440 0.13

E9-40 72 11,230 408 1.50 Saturated

E9-8 72 11,660 408 1.33 Saturated

E9-47 72 11,100 408 1.33 Saturated

Avg 11,330 1.39

Std Dev 290 0.10

E9-38 350 7,440 408 1.46 Saturated

)E9-22 350 6,940 408 1.35 Saturated

E9-30 350 7,760 408 1.42 Saturated

Avg ___7,380 1.41 =

Std Dev 410 0.06
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