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Summary
Moisture absorbed by a glass-fabric-polyester laminate exposed to temperatures of 73° F. to 100° F. and 50 to 100 percent relative humidity in controlled tests caused the flexural properties of the laminate to decrease. The
relationship of strength to moisture absorption, it was found, is not a
straight-line function; the rate of decrease in strength is greatest at the
initial increase in moisture content.

Introduction

Previous experience in service, as well as in the laboratory, has indicated
that the strength of glass-fabric-base plastic laminates is reduced when the
material is exposed to moisture. Previous exposure tests have shown only
the total effect from the normal exposure (73° F. and 50 percent humidity)
! This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy, Bureau of Aeronautics
No. NBA-PO-NAer 00619, Amendment No. 2, and U.S. Air Force No.
USAF-PO-(33-038)49-4696E. Results here reported are preliminary and
may be revised as additional data become available. Original report
dated October 1950.
—Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
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to extreme exposures. The object of this investigation was to show the effect
of a range of moderate exposures on the flexural strength and on the rate of
moisture absorption of a typical glass-fabric-polyester plastic laminate. The
laminate was exposed to humidities of 50, 64, 80, and 100 percent at about
75° F., to 100 percent humidity at 100° F. , and to water immersion at 75° F.

Test Material

The material used for this investigation was a glass-fabric-base plastic
laminate. It was fabricated at the Forest Products Laboratory with a typical
high-temperature-setting, low-viscosity laminating resin of the polyester
(alkyd-styrene) type (resin 2). A single panel 18 inches square was laid up
of 12 plies of 181-114 glass fabric, parallel laminated. This panel was
pressed at 14 pounds per square inch and cured in the press at a temperature
gradually increasing from 220° to 250' F. Its over-all specific gravity was
1.78 and the resin content was 37.7 percent. The average Barcol hardness
was 71.

Test Specimens

The 18-inch square panel was cut with a carborundum saw into sixty 1/8- by
1/2- by 4-inch flexural specimens, the length of the specimens being parallel
to the warp of the fabric. By a method of random selection, these 60 specimens were divided into six equal groups, there being six exposure conditions.

Exposure Conditions

All of the specimens were subjected to an initial exposure of 73 0 F. and 50
percent humidity for 21 days. After this initial exposure, 10 specimens were
placed in each of the following exposures:
Relative Humidity
(Percent)

Temperature
(' F. )

50
64
80
100
100
(Immersion in water)

73
75
75
75
100
75
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Test Procedure

Immediately prior to the initial exposure, five representative specimens were
weighted; then during the initial exposure period they were periodically
reweighed. After 21 days the weights of these five specimens indicated a
very slow rate of moisture absorption, about 0.002 percent moisture content
per day. Since this showed approximate equilibrium, all of the specimens
were put in their respective exposures after being measured and weighed.
During their exposure to the various humidities, five specimens of each group
were weighed at irregular intervals.
After all the specimens had been exposed to their respective humidities for
about 70 days, they were absorbing moisture at a relatively slow rate (fig. 1).
They then were measured and weighed immediately prior to testing.
The flexural properties were obtained from each 1/8- by 1/2- by 4-inch
specimen over a 2-inch span, centrally loaded. The load was applied through
a block with a 1/4-inch radius, and the load reactions were 1/4-inch-diameter
rods. The rate of head travel was 0.05 inch per minute. Load-deflection
data were taken throughout the test. The deflection was measured with a
dial gage reading to 0.001 inch, the spindle of which was in contact with the
lower side of the specimen at midspan.

Results of Tests

A summary of the moisture absorption during the exposure periods is presented in table 1 and figure 1. The moisture absorption was expressed as a
percentage of the weight after 21 days at the initial conditions (73° F. , 50
percent humidity).
A summary of the effect of the exposures on the flexural properties of these
specimens is presented in table 2 and figure 2. The exposure period for the
first three conditions of table 2 is 72 days and for the last three conditions
is 75 days. The maximum or minimum values for the various properties are
not necessarily from the same specimen. The average values at 72 and 75
days were obtained from 10 specimens.

Discussion of Results

The data taken during the exposure period show that the greatest rate of
moisture absorption took place in the first part of the exposure. The rate of
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moisture absorption was greatest for specimens exposed to 100° F. and
100 percent humidity on the first day, and least after 70 days (fig. 1). This
rate was 0.24 percent per day on the first day and decreased to zero. Other
exposures caused a lower rate on the first day but, in general, the rate was
greater than zero even after 70 days.
In spite of the care that was exercised during the weighing procedure of each
group of specimens, the data scatter on either side of a smooth curve (fig. 1).
The various exposure chambers provided a good gradient of water absorption
(fig. 3). From these exposures, about 0.018 percent of moisture was absorbed
for each 1 percent of humidity.
The decrease in flexural properties, however, is not a straight-line function
with respect to humidity, moisture absorption, or vapor pressure. The
relationship between strength and moisture absorption is a smooth curve
within the limits tested (fig. 2). The greatest rate of decrease in strength
occurred at the initial increases in moisture content. The modulus of
elasticity was not affected by the absorbed moisture; other properties, however,
showed a definite decrease in strength, the modulus of rupture decreasing
as much as 30 percent when the specimens had absorbed moisture amounting
to 0. 9 percent of their weight.
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Table 1.--Percent of moisture absorption of flexure specimens of a glassfabric-base polyester plastic laminate during exposure to various temperatures and relative humidities after conditioning for
21 days at 73° F. and 50 percent humidity

1
Moisture absorbed- when exposed to--

Exposure:
period :

73° F., : 75° F., : 75° F., : 75° F., : 100° F., : 75° F.,
:50 percent:64 percent:80 percent:100 percent:100 percent: water
: humidity : humidity : humidity : humidity : humidity :immersion
Days : Percent : Percent : Percent : Percent
0
1
2
4
5
8
12
19
27
36
51
61
70
72
75

:
:
:
:

:
:
:

0
0
+.003

: 0
: 0.024
:
.030

: 0
: 0.059
:
.091

-.032

.060

.131

0
0.236
.277
.383
.386

-.003
.011
.024
.038
.035

.071
.090
.114
.125
.128

.287
.346
.351
.412
.404

.503
.620
.693
.798
.809

.169
.196
,.202
: -.241

.450
.460
.475
1.495

.868
.878
.885

.040
:
:
.035
:
.051
: 1 .061
-

:

-Average of 5 specimens.
?Average of 10 specimens.
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'1.896

Percent : Percent

:
:
:
:
:

0
0.196
.409
.575
.564

: 0
: 0.205
:
.555
.480
.518

.682
.820
.916
.968
1.009

.450
.600
.698
.767

1.028
.884
.988

:
•a 2
:
-.927

:

:

•.714
.733
.800

: -.844
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Table 2.--Summary of the effect of moisture absorption on the flexural
properties of a glass-fabric-base polyester plastic laminate

Range

Exposure
conditions

: Moisture : Fiber : Fiber : Modulus : Modulus
of
:
:absorption: stress : stress :
of
: at pro- : at 0.1 : rupture :elasticity
as a
:percentage:portional: percent :
of con- : limit : strain :
: ditioned :
: offset :
: weight :
: Percent : 1,000

: 1,000
2132L.

: 1,000

: 1,000

73° F., 50
percent
humidity

: Maximum : 0.108
Average-1 :
.061
: Minimum :
.027

49.54 : 58.08 : 62.14 : 2,819
: 41.20 : 55.55 : 60.26 : 2,738
: 32.78 : 52.81 : 57.20 : 2,654

75° F., 64
percent
humidity

: Maximum,
: Averagel :
: Minimum :

.285
.241
193

: 39.56 : 51.09 : 56.70 : 2,864
: 34.28 : 49.11 : 53.95 : 2,783
: 29.31 : 46.54 : 52.34 : 2,700

75° F., 80
percent
humidity

Maximum, :
: Averagel :
: Minimum :

572
.495
422

2,758
38.71 : 48.06 : 50.33
: 32.58 : 44.92 • 48.81 : 2,674
48.00 : 2,543
: 26.90 : 43.60

75° F., 100 : Maximum, : 1.002
: AverageL' :
.896
percent
: Minimum :
.793
humidity
100° F.,,100 : Maximum :
: Average -1 :
percent
: Minimum :
humidity

.988
.927
.796

Maximum
: Averagei :
Minumum :

.919
.844
.744

75° F.,
water
immersion

29.96 : 40.26
26.81 : 39.01
22.28 : 37.81

43.79 : 2,697
: 31.53
40.31
42.50 : 2,630
: 28.90 : 39.16
: 26.00 : 37.31 : 40.71 : 2,566
33.43 : 43.30 : 45.65
30.39 : 40.85 : 44.41
24.52 : 35.22 : 42.71

-Each average value based on 10 specimens.
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45.12 : 2,703
43.20 : 2,657
41.60 : 2,579

2,780
2,712
2,633
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE
FOREST PRODUCTS LABORATORY
The following are obtainable free on request from the Director, Forest Products
Laboratory, Madison 5, Wisconsin:
List of publications on
Box and Crate Construction
and Packaging Data
List of publications on
Chemistry of Wood and
Derived Products
List of publications on
Fungus Defects in Forest
Products and Decay in Trees
List of publications on
Glue, Glued Products
and Veneer
List of publications on
Growth, Structure, and
Identification of Wood
List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products
Partial list of publications
for Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection
List of publications on
Logging, Milling, and
Utilization of Timber
Products
List of publications on
Pulp and Paper
List of publications
Seasoning of Wood

On

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components
List of publications on
Wood Finishing
List of publications on
Wood Preservation
Partial list of publications
for Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in subject
no single list is issued. Instead a list is made up for each Laboratory
division. Twice a year, December 31 and June 30, a list is made up
showing new reports for the previous six months. This is the only item
sent regularly to the Laboratory's mailing list. Anyone who has asked
for and received the proper subject lists and who has had his name placed
on the mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all other subject lists.
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