
EFFECT Of CERTAIN FABRICATING VARIANTS
ON MASTIC LAMINATES AND PLASTIC

HONEYCOMB SANDWICH
CONSTRUCTION

November 1953

This Report is One of a Series
issued in Cooperation with the

AIR FORCE-NAVY-CIVIL SUBCOMMITTEE
on

AIRCRAFT DESIGN CRITERIA
Under the Supervision of the

AIRCRAFT COMMITTEE
of the

MUNITIONS BOARD

No. 1843

UNITED STATES taEPARTMENT OF AGRICULTURE
./FOREST SERVICE

!FOREST PRODUCTS LABORATOR
. Madison 5, Wisconsin

In Cooperation with the University of Wisconsin



EFFECT OF CERTAIN FABRICATING VARIABLES ON PLASTIC 

LAMINATES AND PLASTIC HONEYCOMB SANDWICH CONSTRUCTION 1—

By

BRUCE G. HEEBINK, Engineer
FRED WERREN, Engineer

and
ALVIN A. MOHAUPT, Engineer

Forest Products Laboratory2, Forest Service
U. S. Department of Agriculture

Summary

The purpose of this work was to obtain information on the relations between
pressure in the press, curing conditions, and various physical and mechanical
properties of laminates to be used as facings for sandwich constructions.
The effects of various means of bonding glass-cloth facings to a glass-cloth-
honeycomb core were also tested. Both phases of this study were started early
in 1949.

Investigations with four typical low-pressure laminating resins revealed
that variations in fabrication pressure had varying effects on the physical
and strength properties of the laminates. In most cases, however, optimum
mechanical properties were obtained with pressures in the range of 15 to
30 pounds per square inch.

Tests on sandwich constructions showed that the sandwiches made with pre-
molded facings had higher edgewise compressive strength and lower tensile
strength (normal to the facings) than sandwiches having entirely "wet-
laminated" facings. Compressive strength values were about the same when
premolded facings with 1, 2, or 3 wet-laminated plies were used, but
dropped substantially when the facings were entirely wet laminated. The
bond between the facings and the core, as judged by tensile tests normal to
the facings, increased in strength with an increase in the number of wet-
laminated plies used to form the bond.

-This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy, Bureau of Aeronautics Order
No. NAer 01336 and U. S. Air Force No. USAF-33(038)-51-1i.326-E, Amend.
2(53-131). Results here reported are preliminary and may be revised as
additional data become available.

Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
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Information useful in determining the minimum cure cycles for various resins
can be obtained from Barcol hardness readings on small laminates removed
from a hot press after various times at certain test temperatures.

An unavoidable interruption in the test program made a correlation between
Barcol hardness readings and various strength properties impossible, due
to the complete curing of all of the undercured laminates when stored for
several months at about 32° F.

Introduction

Early in 1949 the Air Force-Navy-Civil Panel on Sandwich Construction for
Aircraft requested the Forest Products Laboratory to investigate further
some of the fabricating variables that might affect the strength proper-
ties of aircraft sandwich construction of the glass-cloth-reinforced plastic
type. Earlier work on the general subject of fabrication of lightweight
sandwich panels of the aircraft type done at the Forest Products Laboratory
had been reported in Report No. 1574, "Fabrication of Lightweight Sandwich
Panels of the Aircraft Type," dated June 1947.

Since only meager information was available at that time on the limitations
in use of various currently available laminating resins for glass cloth, it
was the purpose of this work to determine the effect of varied methods of
applying resin, bonding pressures, curing conditions, and fabrication
techniques on the strength of laminates used as sandwich facings. Some
test data were also obtained on the effect of varied fabrication techniques
on the edgewise compressive strength and flatwise tensile strength of
plastic honeycomb sandwich constructions.

Fabrication Variables

Resins in Laminates 

The following four proprietary products, each representing a slightly
different type of contact-pressure laminating resin, were employed:

Resin 1 - A high-temperature-setting, high-viscosity, contact-pressure
laminating resin of the polyester type.

Resin 2 - A high-temperature-setting, low-viscosity laminating resin of
the polyester (styrene-alkyd) type.

Resin 4 - A high-temperature-setting, low-viscosity laminating resin of
the styrene monomer-polyester type, catalyzed for cure at room temperature.

Resin 5 - A high-temperature-setting diallyl phthalate prepolymer applied
in an acetone solution and allowed to dry completely before curing.
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Ten flexural specimens were cut from each 1/8-inch-thick laminated panel
so that the length was parallel to the warp direction of the top ply. The
specimens were conditioned in an atmosphere at 75° F. and 50 percent relative

Rept. No. 1843	 -3-

II/ 

humidity for at least 10 days before testing

Resin Content and Pressure in Laminates

Since the resin content of a laminate is largely a function of the fabri-
cating pressure, these variables were investigated by fabricating laminates
at various pressures and determining the resultant resin content with each
of the four laminating resins. Laminates of 181-114 glass cloth (12 plies
cross laminated) were made in a press using pressures of 5, 15, 30, and 50
pounds per square inch. During this investigation of the effect of pressure,
the curing temperatures and times were adjusted so that they were considered
to be optimum for each of the resins used. Resins 1, 2, and 5 were catalyzed
for cure in a hot press, whereas resin 4 was catalyzed for room-temperature
cure by adding 4.8 percent and 1.2 percent of promoters 1 and 5 (supplied by
the resin manufacturer), respectively, and 22 percent of styrene monomer.

Curing Time and Temperature in Laminates 

Laminates composed of 12 plies of 181-114 glass cloth, cross laminated
using resins 1, 2, and 5, were made in a press at various temperatures
and times in an effort to determine the minimum cure conditions for each
resin when catalyzed for a typical hot-press cure in accordance with the
supplier's recommendations. The degree of cure was determined by means
of Barcol hardness readings made on each laminate immediately after it
was removed from the press.

Fabrication Techniques for Sandwich Construction

Sandwich test panels were made using resins 1 and 2 and various techniques
for bonding glass-cloth facings to a glass-cloth-honeycomb core. The
resin was applied to the core by two methods -- dipping and roller coating.
Dipping was accomplished in a resin solution thinned with a volatile
solvent (acetone). Roller coating was accomplished by rolling the undi-
luted resin on each side of the core with a hand roller.

Some of the test panels were fabricated by wet laminating all of the 11
plies of 112-114 glass cloth on cores of glass-cloth honeycomb. The
strength of these panels was compared with the strength of panels made by
premolding void-free facings of 10 plies of the same cloth and bonding
these facings to the core by means of 1 wet-laminated ply. Additional test
panels were made using 2 and 3 wet-laminated plies for forming the bond.

Test Methods

Laminated Panels



The length of each specimen was equal to the span length plus 2 inches, and the
width was 1/2-inch. The span length was varied, depending upon the thickness of
the laminate, in order to maintain a constant span-depth ratio of 16 to 1. This
avoided any variations that might be due to variable span-depth ratios.

Tests were conducted in accordance with Method 1031 of Federal Specification
L-P-406b. The specimens were center loaded, and load-deflection data were
taken to failure. The speed of testing was regulated to produce a unit rate
of fiber strain of 0.005 inch per inch of outer fiber length per minute.

Sandwich Panels 

Twenty flatwise tension specimens, 1 inch square, were cut from each sandwich
panel and tested in accordance with the procedure described in Forest Products
Laboratory Report No. 1556, "Methods for Conducting Mechanical Tests of
Sandwich Construction at Normal Temperatures," revised in February 1950.

In addition, 8 edgewise compression specimens 2 inches wide and 3 inches long
were cut from each panel and tested by the method presented in Report 1556.

Test Results

Laminated Panels 

Data on the effect of laminating pressure on the physical and mechanical
properties of laminates are presented in table 1. All laminates were made
of 12 plies of 181-114 fabric, cross laminated, and cured in a steam-heated
press using temperatures believed to be the optimum for each of the 4 resins
used. The relations between laminating pressure and resin content, Barcol
hardness, and specific gravity are shown in figure 1.

With all of the resins tested, an increase in laminating pressure produced a
decrease in the final resin content of the laminate; the rate of decrease in
resin content varied considerably, however, apparently depending upon the
viscosity and the flow conditions of the resin in the glass cloth during the
pressing cycle. At the higher pressures, viscous resins, such as resin 1,
and resins that are allowed to dry to the tacky state before pressing, such
as resin 5, produced laminates that had considerably higher resin contents
than laminates made with resins of low viscosity, such as resins 2 and 4.

Increasing the laminating pressure from 5 to 50 pounds per square inch produced
a gradtial increase in the Barcol hardness of the resulting laminate with all of
the resins employed. The resultant average Barcol hardness, however, depended
largely on the specific resin employed; resin 1 produced Barcol hardness read-
ings at least 10 points above comparable laminates made with resin 4.

Increasing the laminating pressure from 5 to 50 pounds per square inch like-
wise resulted in an increase in the specific gravity of the laminates with all
of the resins tested, probably due primarily to the decrease in resin content.
At a pressure of 50 pounds per square inch, resin 5 produced laminates with a
much lower specific gravity (and a correspondingly higher resin content) than 

Ili

laminates made with resin 1.
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The effect of laminating pressure on the mechanical properties of the laminates
is shown in figure 2, as plotted from the data of table 1. In general, the
mechanical properties vary considerably more than the physical properties.

An increase in fabrication pressure from 5 to 15 pounds per square inch
resulted in increased values of modulus of rupture. A fabrication pressure
of 15 pounds per square inch produced about the maximum flexural strength
for all laminates except the one made with resin 5. No explanation could
be found for the marked drop in strength of the laminate made with resin 4
at the two higher fabrication pressures.

Values of stress at proportional limit for the different laminates followed
the same general trends as the values of modulus of rupture.

Modulus of elasticity values• tended to increase with increase in fabrication
pressure up to about 30 pounds per square inch, beyond which the values were
about the same.

The results of another study on the relationship between laminating pressure
and the mechanical properties of laminates are given in Wright Air Development
Center Technical Report 52-75, "Effects of Laminating Pressure on the
Mechanical Strength of Glass Fabric Polyester Laminates," November 1952.

Curing of Laminates 

The effect of varying temperature and time in the pressing of laminates
made with 12 plies of 181-111+ glass cloth at a pressure of 15 pounds per
square inch on the resultant Barcol hardness is shown in figures 3, 4, and
5 for resins 1, 2, and 5, respectively. The curves for each of the three
resins tested appear to approach a maximum Barcol hardness level asymtotically.
For resin 1 this maximum Barcol hardness appears to be slightly over 70,
whereas for resins 2 and 5 it appears to be between 65 and 70.

Information of the type presented in figures 3, 1+, and 5 is helpful in
determining the minimum cure conditions for laminating resins. For example,
assuming that the Barcol hardness reading is a reliable measure of strength
properties for a particular laminate, resin 2 can be adequately cured in a
press in 20 minutes at a platen temperature of 250° F., whereas with resin
5 the time would have to be increased to at least 90 minutes at 250° F.,
or the temperature increased to 300° F. in a cycle of at least 30 minutes.

In the original plans for this investigation, a correlation between Barcol
hardness readings, at various stages of cure, and the mechanical properties
of the resultant laminates was included. An unavoidable interruption of
several months in the work, however, made it necessary to delay the mechanical
tests; therefore, the laminates were stored in a desiccator at a temperature
of about 36° F. for several months. It was thought that these resins, which
were catalyzed for cure at an elevated temperature of 200° F. or higher,
would not advance in cure (beyond the point at which they were removed from
the hot press) when stored under these conditions. Upon resumption of the
work, those laminates originally having relatively low Barcol hardness values,
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because they were undercured in the press, were checked again; it was found
that all of them had advanced to the maximum reading expected for the
specific resin. It was, therefore, impossible to determine the correlation
between Barcol hardness readings and mechanical properties on these laminates.

It was also originally planned to catalyze resin 4 for cure at room tempera-
. tiure to obtain a similar relation between cure time, Barcol hardness, and
mechanical properties. The study was interrupted before this work was
started, and since similar work on different resins (typical of the polyester
group) was being done for Wright Air Development Center, it seemed inadvisable
to continue the room-temperature study as originally planned.

The fact that resins catalyzed for high-temperature cure, when inadequately
cured in the press, will advance in cure to the maximum Barcol hardness expected
for the resin at a temperature as low as 36° F. is of considerable interest.
It indicates that parts which are inadvertently undercured in fabrication will
very quickly advance in cure to optimum Barcol hardness (and presumably
optimum mechanical properties) under normal use conditions. Work at the
Forest Products Laboratory on room-temperature-catalyzed resin, has shown
that when a laminate reaches a Barcol hardness of 40 to 50 it can safely
be removed from the mold and machined without danger of distortion due to
the undercured condition.

Sandwich Panels

Values for the tensile and edgewise compressive strength of sandwich
panels made by various fabrication techniques employing wet-laminated and
premolded facings on cores that were roller coated with resin or dipped in
a thin solution of resin are shown in table 2.

When part of the facing was premolded and later wet laminated to the core
with 1, 2, or 3 plies of glass cloth, the tensile strength increased and the
edgewise compressive strength remained about the same as the number of wet-
laminated plies increased. Wet laminating the entire facing produced the
highest flatwise tensile strength but, more important, the lowest edgewise
compressive strength.

The first 2 constructions listed in table 2 are the same except that the
core of the first panel was roller coated with 10 grams of resin per square
foot and the core of the second panel was dipped in a 20 percent solution
of the same resin. Roller coating added about 20 grams of resin per square
foot to the core and dipping added about 2 grams of resin per square foot,
or about one-tenth as much. Roller coating the core, as compared to dipping,
increased the tensile strength about 25 percent, but no effect was evident
on the edgewise compressive strength.

The results of the edgewise compression tests of this study and other data
led to the requirement in Military Specification MIL-P-90413 that laminate

Military–Military Specification MIL-P-9041 (USAF), "Plastic Material, Molded Sandwich
Construction, Glass Fabric Base, Honeycomb Core, for Aircraft Structural
Applications," July 1, 1953.
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facings of sandwich panels should be premolded except for the one inner ply.
Another reason for specifying premolded facings is that the premolded facings
are considerably more resistant to moisture penetration than wet-laminated
facings.

Conclusions

From the tests of laminates and sandwich constructions discussed in this
report, the following conclusions were made.

(1) An increase in the laminating pressure caused a decrease in the thickness
and the resin content of the laminates for each of the four resins used. The
variation between laminating pressure and resin content depended primarily
upon the viscosity of the resin -- the least change was with the so-called
"dry lay-up" technique.

(2) As the resin content of laminates decreased with increased laminating
pressure, there was an increase in specific gravity and Barcol hardness.

(3) In most cases, the optimum mechanical properties of laminates were
obtained with laminating pressures in the range of 15 to 30 pounds per square
inch.

(4) Plastic honeycomb sandwich material had the highest edgewise compressive
strength when the facings were premolded. When part of the facings were pre-
molded and then wet laminated to the core with 1, 2, or 3 plies of fabric,
there was a gradual increase in the flatwise tensile strength but the edgewise
compressive strength remained about the same.

(5) Plastic honeycomb sandwich material with all face plies wet laminated
to the core had higher flatwise tensile strength than sandwiches with the
premolded facings, but the endwise compressive strength was substantially
reduced.

(6) When the core of the sandwich material was roller coated instead of
dipped in resin, the weight of the sandwich increased and there was about a
25 percent increase in flatwise tensile strength. There was little differ-
ence, however, in the edgewise compressive strength.
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Table 1.--Properties of laminated panels made of 12 plies of 181-114 glass 
fabric, cross laminated, and with 4 different resins

Panel :Fabrica-:Thick- :Specific: Resin :Barcol:Modulus of: Stress at :Modulus
No.	 : tion : ness : gravity:content: hard...:elasticity:proportional: of

	

:pressure:	 : ness :	 :	 limit	 :rupture

	

P.s.i. -:	 In.	 :	 :Percent:	 •1 000	 P.s.i.	 : P.s.i.. L___

	

.	 .	 :	 p.s.i.	 :	 :

RESIN 2

1
Av.	 :........:	 0.132	 :	 1.75	 :	 38.2.	 66	 : 2,919 28,650 : 58,700
Min.:.. ..... .:.......:........:.......:......: 2,844 21,550 : 55,650
Max.:	 5	 z..................:.......:-....: 3,030 35,420 : 6o,600

:	 • : .

2 •.

Av.	 :........:	 .112:	 1.67	 :	 31.9	 :	 69	 : 3,398 33,320 : 63,600
Min.:........:.......: ...... ..:	 .... . .. :	 .. ....: 3,320 : 25,610 : 60,650
Max.:	 15	 : .... ...:....,..,:.......:......: 3,499 38,420 66,200

•	 °	 •.	 .	 .	 . :

3 :	 •	 :	 : : •

Av.	 :oe000040:	 .104.	 1.92	 :	 28.3	 :	 68	 : 3,569 : 33,280 61,150

Min0:000.0.0.:00.0008:da.O.M.70:00000.0:000000: 3,480 : 26,220 : 57,300
Max.:	 30 39,750 : 64,100

•	 :	 •.	 .	 .	 . :

4 •.	 :	 .	 :	 : : •

Av.	 :........:	 .099:	 1.96	 :	 26.4	 :	 70	 : 3,587 : 35,740 •. 61,200
: 33,980 59,300

Max.:	 50	 :000 .... : ... [10.00:7Jmoo00:70.“O: 3,670 : 39,000 63,40o

RESIN 5

5 .	 .	 : :
Av.	 :...-...:	 .132.	 1.71	 :	 36.5.	 56	 : 2,703 : 27,660 . 49,800
Min.:........:-.....:........:.......:......: 2,540 : 19,470 2 42,120
Max..	 5	 :.......:........:.......:	 ....: 2,880 : 33,63o • 53,200

•	 .
.	 .	 :	 .

6 •	 :	 :

Av.	 :........:	 .126	 :	 1.77	 :	 35.8.	63 2,830 : 28,230 55,800
Min. : .... ....:... .... :...-.....„. 	 .......: 2,715 : 21,800 52,200
Max.:	 15	 •.	 •..45.0450“9.34qu000“n	 a	 :ambOa.. 2,946 : 33,500 : 59,850

• : V
0

7 :	 . A

Av.	 :........:	 .120	 :	 1.84	 :	 35.2	 :	 65	 : 3,023 : 36,64o : 64,700

Min.: ..... ... : .	 .. .... :........:.......:......: 2,967 : 31,930 : 61,100

Max.:	 50	 :.......:..,.	 ...:.......:-....: 3,105 : 47,900 : 67,600

8 ..	 •.	 •:	 • •. •

Av.	 :„.......:	 .117:	 1.87	 :	 34.6	 :	 67	 : 2,954 : 30,86o : 61,550

Min.:........:.... ... : ... ....,:... .... : .. -..: 2,860 : 28,000 : 59,900

Max.:	 50	 :.......:........:.......:......: 3,029 :	 33,960	 : 63,100
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Table 1.--Properties of laminated panels made of 12 plies of 181-114 glass 
fabric, cross laminated, and with 4 different resins--Continued

Panel :Fabrica-:Thick- :Specific: Resin :Barcol:Modulus of: Stress at :Modulus
No.	 : tion : ness : gravity:content: hard-:elasticity:proportional: of

:pressure:	 .	 •.	 : ness :	 :	 limit	 :rupture

P.s.i. : In.	 :Percent:• 1 000.	 L 	 P.s.i.	 . P.s.i.
:	 :	 .	 :	 p.s.i.	 :

RESIN 1

9	 :	 .	 .	 :
Av. 	 • 0.133 : 1.77 : 39.4: 68	 2,702	 28,260	 : 48,20o
Min	 • 	 2,653	 24,360	 : 44,900
Max.:	 5	 • 	 2,766	 33,620	 : 50,650

10	 :	 •	 : .
Av. 	  .121 : 1.87	 37.0 : 72 : 3,042	 32,46o	 : 56,200
Min  •	 • 	 2,946	 :	 26,700	 : 55,100
Max.:	 15	 . 	 3,145	 38,70o	 : 57,650

11	 :	 .	 ••
Av. 	  .112 : 1.93	 33.9: 74 : 3,165	 :	 36,560	 : 56,050
Min.-	 •	 • 3,110	 :	 29,430	 : 53,800

Max.:	 30	 0....0. . : ........ : . . ..... : .. ....:	 3,229	 :	 42,020	 : 57,600
:	 •.	 '

12
Av. 	  .105 : 1.99	 31.6 : 76 : 3,346	 38,280	 : 56,750
Min	 • 	 3,228	 27,020	 : 54,950
Max.:	 5o	 	  •	 • 3,460	 44,260	 : 58,40o

RESIN

13	 •.	 .	 •.	 :

Av. :... ..... :	 .127 : 1.78 : 36.9 : 59 : 3,106	 26,020	 : 58,050
Min  •	 -	 • 2,992	 20,260	 : 56,200
Max.:	 5 	 . 	 3,224	 29,180	 : 6o,000

14	 :	 :	 •
Av. • 	 .112 : 1.86	 31.3 : 61	 3,465	 :	 32,080	 : 60,700

• 3,369....	 21,790	 : 58,400Min 	 •
Max.:	 15	 • 3,644	 :	 36,38o	 : 65,050

15	 :	 :
Av. 	  .102: 1.93	 27.5	 62	 3,809	 24,310	 : 51,000

Min  •	 • 	 3,564	 20,600	 : 49,150

Max.:	 30	 •4,032	 29,760	 52,900

16• 0	 :

Av •	   .099 : 1.95	 26.2 • 62	 3,744	 :	 27,110	 : 55,200
Min  •	 ••	 •	 3,499	 :	 21,420	 : 53,600
Max.:	 50	 	  • 3,970	 :	 34,10o	 : 57,40o
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Table 2.--Flatwise tensile and edgewise compressive strength of sandwich panels 
made by  various fabrication techniques 

Construction details	 :	 Strength property
	 - 	

	Facings (11 plies)	 :Method of:	 Tension	 : Edgewise compression
	 :treating : 	 : 
Number of : Number of : -caret .: Resin 1 : Resin 2 : Resin 1 : Resin 2
plies wet :	 plies	 :with resin:	 :	 :	 :
laminated) : premolded :	 •. :	 :	 :

•	P.s.i.	 : P.s.i.	 : P.s.i.	 :	 P.s.i
:	 -

	

1	 10	 : Roller	 264	 223	 : 30,700 : 33,400
: coated	 :	 :	 :
'	 '	 •

	1	 10	 : Dipped :	 214	 177	 : 29,800 : 33,500
•. :

	2	 9	 :...do 	 	251	 196	 : 34,800 : 32,000

	

3	 8	 :...do 	 	265	 219	 ; 32,000	 30,700

	

11	 0	 :...do 	 	 334	 253	 : 22,000 : 21,300

1
–The wet-laminated plies of 112-114 glass cloth were impregnated with 50

percent by weight of resin.

-The core was No. 47 glass-cloth honeycomb with 1/4-inch cell size, cut to
0.275-inch thickness.
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