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FOREWORD

This annual report was submitted by Dr. George S. Springer and
Dr. Chi-Hung Shen of The University of Michigan, Mechanical Engineering
Department, Ann Arbor, Michigan, under contract F33615-75-C-5165, Pro-
ject 7340, Task 734003, with the Air Force Materials Laboratory, Wright-
Patterson Air Force Base, Ohio. Stephen W. Tsai, AFML-MBM was the
laboratory project monitor.

This report is for the project period March 1977 to March 1978. The
work performed during the previous year (March 1976 to March 1977) was
described in AFML TR-77-82 "Effects of Moisture and Temperature on the Ten-
sile Strength of Composite Materials."
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I. INTRODUCTION

In order to utilize the full potential of composite materials their per-
formance during and after exposure to high temperature and high humidity en-
vironments must be known. One of the most important parameters in the design
of composite elements and structures is the elastic modulus. The effects of
temperature and moisture content on tensile (Et) and compressive (Ec) moduli
have been studied in the past. The objective of this investigation was to
evaluate the changes in the buckling modulus (Eb) of composite materials
exposed to air in which the temperature ranged from 195 K to 450 K and the
moisture content from 0% (dry) to 1.5% (fully saturated)- The changes in the
buckling modulus were measured by performing buckling tests on Thornel 300/
Fiberite 1034 graphite epoxy composites using 0°, 7C/4 and 90° lay-ups. A
summary was also made of the existing data. This summary, together with the
present results, was used to assess the influence of the temperature and the

moisture content on the elastic moduli of composite materials.

IT. CONCLUSIONS

On the basis of both the present data (for buckling modulus) and the
existing data (for tensile and compressive moduli, Table 1) the following

general conclusions may be drawn.

(1) Temperature Effects

(a) For 0° and 7/4 laminates the temperature (in the range of 200 K
to 450 K) has a negligible effect on the elastic moduli regardless of the
moisture content of the material.

(b) For 90° laminates an increase in temperature causes a decrease

in the elastic moduli. The decrease in the modulus depends upon both the

e
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temperature and the moisture content. For an increase in temperature from

300 K to 450 K the elastic modulus may decrease by as much as 50 to 90 per-

cent.

(2) Moisture Effects

(a) For 0° and M /4 laminates there appears to be very little change in
the elastic moduli over the entire spectrum of moisture content from dry to
fully saturated. This conclusion appears to be valid regardless of tempera-
ture in the range 200 K to 450 K.

(b) For 90° laminates the e¢lastic moduli decrease considerably with
increase in the moisture content. The decrease in the modulus depends both
on the moisture content and on the temperature. The decrease in the value of
the modulus may be as high as 50 to 90 percent.

(c) In the tests reported here the moisture distribution was nonuniform
inside the specimens. For 0° and /4 specimens the variations encountered
in the moisture distribution do not appear to affect the results significantly.
For 90° specimens the moisture distribution may influence the absolute value of

the buckling moduli, but is unlikely to affect the trend in the data.

(3) Additional Considerations

(a) The values of the elastic moduli obtained by tensile, compressive
and buckling tests are usually different. However, the changes in the moduli
caused by changes in temperature and moisture content are nearly the same for
all three moduli. Therefore, the conclusions stated in points 1 and 2 above
are valid for all three elastic moduli.

(b) The above conclusions depict the general trend in the data. The pre-

cise effects of the temperature and the moisture content on a particular com-




posite material must be evaluated from the relevant data. A *20 percent

scatter in the data is quite common. This scatter must be borne in mina

when applying the data.

III. EXPERIMENTAL

All buckling measurements in this study were made with 8 ply T300/1034
specimens of thickness h = 0.9 mm and width b = 4.76 mm. Different length
specimens were used in the tests, the lengths ranging from 36 mm to 318 mm.
The test specimens were cut from 0.66 m x 0.66 m autoclave cured panels which
were fabricated from 30.5 cm (12 in) prepreg (Fiberite Corp.) using standard
lay-up and vacuum bagging procedures. The cure cycle used in manufacturing
the panels was described in [1].

Prior to the buckling tests all the specimens were completely dried at
366 K in a desiccator. The specimens were then placed in environmental
chambers [2] in which the temperature and the relative humidity were kept
constant at 366 K and 100%. The specimens were kept in the chambers until
the moisture content (weight gain) reached the required level, i.e. until the
specimen was fully saturated or until the moisture contents reached 1/3 or
2/3 of the fully saturated value. At 1/3 and 2/3 saturation the moisture dis-
tribution was nonuniform inside the specimen. Ths moisture distribution at
these saturation levels was given by Shen and Springer [1].

The buckling moduli were determined using a 10,000 1b capacity Instron
machine (Model TTCLM 1-4). At the start of each test the specimen was placed
between two 15.3 cm diameter smooth metal discs attached to the Instron machine.
The ends of the specimen were not restrained in any other way. The specimen
was compressed along its length at a cross-head speed of i.27 mm min'l

(0.05 in/min). The load was recorded continuously during the test. As the
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specimen was compressed the load increased to a peak. The load then de-
creased and levelled off, remaining nearly constant with displacement, as
shown in Fig. 1. The value of this constant load, designated as the critical

load Pcr’ is related to the buckling modulus by the expression [3]

T*IE,
Pcr = Ll (1)

where Eb is the buckling modulus, I is the moment of inertia of the cross
sectional area (I = bh3/12) and L is the length of the specimen.

By rewriting eq. (1) in terms of the critical stress ‘Lr’ we obtain

?cr ‘n't‘ll Eb
‘i = = 2 (2)
cr bh 12k

In order to evaluate Ey for a given environmental condition, a large number

of buckling tests were performed using specimens of different lengths. For
each environmental condition at least 12 buckling tests were performed using
specimens of lengths 56, 89, and 172 mm. At room temperature (300 K, 0% mois-
ture content) 25 specimens with lengths ranging between 36 mm and 318 mm were

tested. The buckling modulus was then determined as follows.

|
é :
l.

The experimental error (&) in the data is defined as

i
§
P d 1'r22'2' Eb (3) ’%
e - 4 “‘
o LT
For N number of tests, the sum of the squares of the errors S is
o~ 2
5 = 3 (&) (4)
=1
or
N é Tl'z 311 Eb)z
5= 2 (&er, 2L (5)
L=
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Figure 1. Graph of Compressive Load Versus Cross-Head Displace-
ment in a Typical Buckling Test. 90° Specimen at
300 K and 0% Moisture Corntent.
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The subscript i denotes the ith test. The value of Ep which makes S a mini-
mum is taken as the buckling modulus. Differentiating eq. (5) with respect

to Ep yields

SC e T

2

By cquating eq. (6) to zero and solving for the value of Ej, we obtain the

T E.,) ~ _"[rz_’?—_::_) .

required value of Ep

2 X
EB T l‘z i ___l._ (7)

(=1

]

It is noted that eq. (2) may be written in the form
2

19 ‘H’z% Eb

T

— 21log L
= 2 log (8)

,CP3 éicr

According to this equation, on a log écr versus log L plot, the data should
fall on a straight line of slope-2. In order to check the accuracy of the
present data, all the data were plotted on such a graph. For all test con-
ditions the data followed closely a straight line of slope-2. A typical set
of results is shown in Fig. 2.

During each buckling test the specimen was maintained at the desired
temperature by an infrared heat lamp. The temperature of the specimen was
measured by a copper-constantan thermocouple attached to the surface of the
specimen. The moisture content of the environment was not controlled during
the buckling test, and hence some drying of the outer layer of the specimen
might have occurred during the test. The thickness of the layer affected by
the drying and the amount of moisture lost during this drying was calculated,

and was reported in ref. [1].

-6-

.~ S—



|
1 udl
E
6
s o 10°|— —
a . 3
:3 = —
b e —
)
7] = =
i
= 1
wn
- — s
‘ <J
O |
= |
cr |
O 10° - =
r—- —
a4l I 1
¢ 4%x10 Lo LLLL | -
| 30 100 500
LENGTH L, mm
5 Figure 2. Graph of Log 6 cr Versus Log L for 90° Specimens |
T at 300 K and 0% Moisture Content. :




IV. RESULTS™

The effects of temperature and moisture content on the buckling modulus
of T300/1034 were determined according to the test procedures described in
the previous section. The results in Fig. 3 show that for 0° and T /4 lamin-
ates the modulus is unaffected either by temperature or by moisture content.
The slight decrease (~5%) in the buckling modulus for fully saturated speci-
mens is within the range of the scatter of the data. For 90° laminates the
buckling modulus seems to be insensitive to changes in temperature and mois-
ture content as long as the temperature is in the range of 195 K - 300 K.
However, in the temperature range 300 K - 450 K the buckling modulus is
strongly influenced by both the temperature and the moisture content.

A survey was also made of all the existing data on the effects of tem-
perature and moisture content on the tensile and compressive moduli of com-
posite materials. The results of this survey are presented in Figs. 4-25.

In addition, in Table 1 a brief summary of all the data is given, including
the type of material, the parameters varied, the general trend in the results,
and the appropriate references. All those experiments known to the authors
were included in the survey in which the test conditions were either speci-
fied completely or could be assessed from the reports. Those test results
where the environmental conditions were not properly identified were excluded.
As can be seen from Figs. 4-25 there is considerable scatter in the data.
Furthermore, in certain cases only 2 or 3 data points were obtained. Never-
theless, the general trends in the behavior of previously obtained tensile
and compressive moduli (Figs. 4-25) are similar to the behavior of the buck-

ling moduli obtained in the present study (Fig. 3).

5
Note: 1 GPa = 1.45x105 1bf/in”
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ELASTIC MODULUS E,,,GPa
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Figure 3. Buckling Modulus of Thornel 300/Fiberite 1034 as a
Function of Temperature and Moisture Content. Present Data.
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Figures 3-25 may be used to evaluate the effects of temperature and mois-
ture content on the tensile, compressive and buckling moduli of different
composites. Figures 3-25 also indicate the conditions where data are lacking.

It is finally noted that the effects of temperature and moisture content

on the three moduli (Et’ E Eb) are very similar to those on the ultimate

o
tensile strength [1].

It is emphasized again that the results presented illustrate the trend
in the buckling moduli. In addition to temperature and humidity, other para-
meters such as cure cycle, temperature history (thermal spikes), and loading

history may influence the absolute value of the buckling modulus.
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ELASTIC MODULUS E, ,GPa

Figure 4.
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of Kerr et al. 1975 [7].
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Function of Temperature and Moisture Content. Data of

Browning, 1972 [11].
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Figure 19.

Tensile Modulus of Boron/AVCO 5505 as a Function of
Temperature and ifoisture Content,

et al.

1974 [10].
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of Hofer, et al. 1975 [8].
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Figure 23. Compressive Modulus of Modmor il/Narmco >luo as a
Function of Temperature and [foisture Content. Data
of Hofer, et al., 1974 [10].
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Figure 24. Compressive Modulus of Courtaulds HMS/Hercules 3002M
as a Function of Temperature and Moisture Content.
Data of Hofer, et al. 1974 [10].
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Figure 25. Compressive Modulus of Boron/AVCO 5505 as a Function
of Temperature and Moisture Content. Data of Hofer,
et al. 1974 [10].
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