
METHODS Of TESTING SANDWICH

CONSTRUCTIONS AT ELEVATED

TEMPERATURES

( t. 2063

' September 1956

,,e,R A pj...

DEC 27 1956

I

	 o	

.441

4, STATE

H

11111111	 'I HIttIE'.. :1111(

FOREST PRODUCTS LABORATORY

MADISON 5, WISCONSIN

UNITED STATES DEPARTMENT OF AGRICULTURE

°REST SERVICE

In Cooperation with the University of Wisconsin



METHODS OF TESTING SANDWICH CONSTRUCTIONS 

AT ELEVATED TEMPERATURES  1—

By

EDWARD W. KUENZI, Engineer

2Forest Products Laboratory,— Forest Service
U. S. Department of Agriculture

Abstract

This paper presents descriptions and discussions of test methods for
evaluating the performance of structural sandwich constructions at ele-
vated temperatures. The procedures employed have been found satis-
factory for temperatures from 75° to 1,200° F. Included are summaries
of methods used to determine sizes of test specimens.

Introduction

Defense demands for aircraft and guided missiles with superior opera-
tional capabilities have necessitated the development of new types of air-
frame construction. Such construction must maintain its stability under
loads induced by high speeds at elevated temperature. The use of struc-
tural sandwich construction comprising thin high-strength facings on
thick lightweight cores constitutes a very promising construction for
structural components of such high-speed aircraft. The advantages of

1
—To be presented at a symposium session of the meeting of the American

Society for Testing Materials, Los Angeles, Calif. , Sept. 17-21,
1956.

2
—Maintained at Madison, Wis. , in cooperation with the University of

Wisconsin.
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sandwich construction in providing great stiffness and strength per unit
weight have been amply demonstrated for many combinations of materials
at ordinary temperatures. However, sandwich constructions are com-
prised of several materials, facing, cores, and material used to join or
bond facings to cores; hence its performance can be determined only
after due consideration of structural properties of each material. Also,
it may be possible in assembling a sandwich construction to somewhat
alter the characteristics of the components by the assembly processes.
Thus, it appears logical to evaluate sandwich behavior, at least until
fundamental properties of component parts can be found at operating tern-

peratures, by tests of assembled sandwich construction. A research
project for the evaluation of various sandwich constructions at elevated
temperatures was established at the U. S. Forest Products Laboratory
by the Materials Laboratory, Wright Air Development Center, U. S. Air
Force. The testing techniques employed for evaluation of the construc-
tions are described and discussed in this paper.

Basis for Evaluation

Primarily, aircraft sandwich constructions are used to carry edgewise
loading with or without superimposed normal load. The basic principles
of design for such sandwich can be stated briefly as follows: Facings are
chosen of materials and thicknesses so that edgewise stresses produced
by direct load and moment will not exceed design values. Cores are
chosen of materials and thicknesses so that shearing loads can be carried
and so that the thin facings will be adequately supported against lateral
wrinkling. Cores must also have sufficient shear rigidity so that exces-

sive deflections due to shear loads do not occur and that buckling of the
sandwich under edge load will not occur. Materials for bonding or join-
ing facings to cores must be strong and stiff enough to allow the sandwich
to perform as a structural assembly, that is, shear must be carried to
the core and tensile strength must be great enough to hold facings to the

core.

From this brief discussion it can be concluded that if properties of sand-
wich components were known at the required operating temperatures, it
would be possible to design sandwich constructions suitable for any struc-
tural application. Unfortunately, this can rarely be done because the
properties of the component parts are not known and it is often question-
able as to whether component parts are exactly representative of the cor-
responding portion of the sandwich, since methods of assembling the
sandwich may affect the properties of the individual parts. Thus it is
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often necessary to test sandwich constructions, determine performance,
and if possible extend the data obtained toward more general design cri-
teria that require a knowledge of properties of sandwich components.

What tests should be performed on structural sandwich constructions?
From consideration of the primary use for sandwich construction, an
evaluation of strength under edgewise loading and also transverse shear
rigidity and strength would provide the bare necessities for evaluation.
Since edgewise compression and flatwise flexure appear to be the simp-
lest types of tests, particularly for evaluation at elevated temperatures,
these two tests and results obtainable will be discussed in detail.

Apparatus for Heating Specimens 

It was found convenient to conduct tests at elevated temperatures in a
heated furnace. A general view of the apparatus is shown in figure 1.

The furnace is shown mounted on the lower platen of a testing machine.
This furnace was an electrically heated furnace commercially manufac-
tured as a heat treating furnace for continuous operation at temperatures
up to 1,200° F. Heating is done by elements located only in the sides of
the oven. Direct radiation from the elements to the center of the furnace
is provided by a steel baffle located about 1 inch from the surface of the
elements. This baffle also serves to channel air movement from a pad-
dle wheel fan, located at the rear of the furnace, past the heating ele-
ments toward the door, then through the center portion or test area of
the furnace back to the fan. The fan is connected to be in constant opera-
tion while the furnace door is closed. A control switch, actuated by
opening the door, stops the fan and prevents a blast of hot air from blow-
ing out of the furnace.

Tests are conducted in the central portion of the furnace. Loads are
transmitted to test specimens through stainless steel pipe extending from
the testing machine platens through holes in the top and bottom of the
furnace.

The door of the furnace is equipped with a heat-resistant glass window to
facilitate observation of test specimens and allow reading of deformation
data.

Temperature control of the furnace is done by a continuously balanced
potentiometer pyrometer, shown in the right rear portion of figure 1.
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Temperature is indicated and controlled by an iron constantan thermo-
couple located immediately adjacent to the test specimen. In the right
foreground of figure 1 is shown a potentiometer for use in determining
temperature of actual specimens by using thermocouples located inside
the specimen. Before conducting a test on a specific type of sandwich,
a specimen of the sandwich is placed in position with a slight load applied.
Then readings are taken of thermocouples located at the central portion
of the specimen to determine the amount of time necessary to allow the
entire specimen to reach the test temperature. Furnace temperatures
are also read from the controlling thermocouple located near the spec-
imen. Subsequent tests of the same type of specimen are not begun until
after the time necessary to heat the specimen to the desired temperature

has elapsed.

Power to the 5,000-watt heating elements of the furnace can be controlled
to from 0 to 100 percent of full power by means of a powerstat, thus pre-
venting excessive "overrun" at more moderate temperatures. This sys-
tem allows operation with practically no heating to temperatures beyond

those desired, if necessary.

The heating apparatus described has been found to perform satisfactorily
throughout the range of temperatures for which it was designed. Control
of specimen temperature was found to be within 2° F. up to 600° F. and

within 5° from 600° F. to 1,200° F.

Edgewise Compression Test

The edgewise compression test of a strip of sandwich construction with
free edges is a column test. In order to prevent edgewise instability, the
width of the sandwich strip should be at least twice the sandwich thick-
ness. The length of the column can be chosen so that buckling of the
entire sandwich will occur at a certain facing stress. If the facings are
of a material that has a definite compressive strength (glass -fabric lam-
inate, for example), the column length can be shortened so that compres-
sive failures occur in the facings. Since the behavior of sandwich
columns depends on core shear rigidity, the test specimen length may be
altered to demonstrate effective shear rigidity. Usually, the edgewise
compression test is made to determine maximum possible stresses that
can be carried by the facings and the length is made as short as practi-
cable. For many types of aircraft sandwich, a specimen 4 inches long,
3 inches wide, and having a core 1/2 inch thick has been found to give

satisfactory results.
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The question of end conditions is of minor importance if high facing
stresses are to be attained because behavior of the column then depends
upon tangent or reduced modulus of elasticity, and it can be demonstrated
that the column will fail at the same stress whether ends are simply sup-
ported or clamped. It is essential that care be taken to control eccen-
tricity of loading. Usually it is desirable to test the column with no ini-
tial eccentricity, if possible. To help attain this, the specimen ends
should be machined flat and square and parallel to each other. In order
to allow for necessary adjustment in alining the specimen for testing, it
has been found convenient to fit each end of the specimen with a slotted
round bar. The slotted bars, shown on the specimen ends in figure 2,
are slotted to a diameter and fitted snugly to the specimen by thin shims
of the same thickness at each facing.

If temperatures beyond 300° to 400° F. are to be reached, it is necessary
to use stainless steel for all apparatus placed within the furnace, other-
wise corrosion and scaling will occur and in time render the parts useless.

The upper end of the column is placed in contact with a flat steel loading
plate that is solidly connected to a pipe that passes through the top of the
furnace to the upper platen of the testing machine. It was found advanta-
geous to cut a shallow groove in this loading plate to prevent the spec-
imen from jumping out of position and damaging the interior of the fur-
nace should violent buckling occur. The grooved plate is shown in in-
verted position in the lower left-hand portion of figure 3.

The lower end of the sandwich column is supported on a movable base ar-
ranged so that the base can be shifted in a direction normal to the plane
of the sandwich. This arrangement has been found essential for elimina-
ting initial eccentric loading. A type of movable base that has been
found to perform satisfactorily is shown under a specimen in figure 2,
and parts of the base are shown separated in figure 3. The slotted end
bar on the specimen rests in a shallow groove in the top of the movable
base plate. This base plate has a 90° V notch cut in the under surface.
The axis of the notch is in a direction perpendicular to the axis of the
shallow groove in the top of the plate. The notch is positioned on a small-
diameter, thick-walled tube shown in the lower fitting in the right-hand
portion of figure 3. The purpose of the notch and tube arrangement is to
allow tilting of the base so that load will be uniformly distributed across
the width of the specimen. Motion in a direction normal to the plane of
the sandwich specimen is accomplished by rotating the extending spindle
(shown in the fitting in the right-hand portion of figure 3) that is threaded
into the tube. The machined parts should be thoroughly degreased,
otherwise correct operation at high temperatures will be impossible.
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Necessary lubrication can be given to the movable parts by dusting with
finely pulverized molybdenum disulphide.

In order to determine whether or not eccentric loading is being applied to
the specimen, it is necessary to determine deformation in each facing.
If deformation in one facing is not the same as in the other after an initial
load has been applied to the specimen, it is necessary to move the base
by turning the spindle. Then the initial load is again applied and the
deformations checked to see if they are alike in each facing. This pro-
cedure is repeated until the deformations are alike during the initial por-

tion of the test.

Marten's mirror compressometers, shown on each facing of the spec-
imen in figures 2 and 3, have been used successfully for determining
deformations in each facing. The apparatus, except for the small mir-
rors, was made of stainless steel. The mirrors of glass with aluminized
reflective surface were found to perform well at temperatures of 1,000°
F. or less. At 1,200° F. the reflective surface was lost but tests could
be made at 1,200° F. after initial adjustments were made at a lower tem-
perature such as 1,000° F. Rotation of the mirrors was observed by
projecting a beam of light and cross hair image through the glass window
in the door of the oven to the mirrors, which reflected the image of the
cross hair to a scale located a fixed distance from each mirror. Defor-
mation readings are usually taken throughout the test. The data will show
whether proper noneccentric load is being applied throughout the test and
can also be used to determine modulus of elasticity of the facings at the
test temperature, also proportional limit and yield stresses.

The test is continued until a maximum load is reached. After reaching a
maximum load the final failure of the specimen can occur by overall
buckling or gradual compression in the facings, in which cases the load
may drop slowly. A sudden drop in load is usually associated with core
shear instability or sudden wrinkling of the facings. The core shear in-
stability failure results in a crimped appearance of the sandwich and the
core shows shearing failures. There may be some separation of facings
from the core, but this does not necessarily indicate that the bond failed
and precipitated failure. The sandwich that exhibits shear instability can
be strengthened only by using cores of greater shear rigidity. Increasing
facing thicknesses will have little strengthening effect unless they are
made so thick that they can contribute greatly to the shear rigidity of the
sandwich. Wrinkling of the facing usually occurs in only one facing, and
the sharper wrinkles usually occur at higher loads than flatter wrinkles.
Increasing the facing thickness will raise the sandwich strength. Wrink-
ling into the core shows that a core having a greater modulus of elasticity
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and greater strength in a direction normal to the facings is needed to im-
prove sandwich strength. Wrinkling of the facing away from the core is
the result of a bond failure. Strength of this sandwich may be improved
by using a bonding system with higher flatwise tensile strength. Bonds
having flatwise tensile strength greater than flatwise compressive
strength of the core are not necessary because if the bonds are stronger
the facing can wrinkle into the core.

Flatwise Flexure Test

Usually the flexure test of sandwich construction is designed to evaluate
transverse shear behavior. For this purpose the specimen is propor-
tioned so that moments will not cause tensile or compressive facing
stresses to exceed yield values. A size that has been found satisfactory
for various types of sandwich is a specimen 3 inches wide and 8 inches
long with a core 1/2 inch thick and facings from 0.015 inch to 0.064 inch
thick. The specimen is supported on a span of 6 inches, and reaction
points are of 1/4-inch diameter fastened to a rigid base. Load may be
applied at midspan for obtaining load-deflection data. However, for ob-
taining strength it is best to use load applied at two points, thus cutting
down the concentrated stresses under the load point. By using two-point
loading it is also possible to omit loading plates often necessary to pre-
vent local facing wrinkling under center loading.

Figure 4 shows apparatus for testing sandwich in flatwise flexure. The
two loading points are 1/2-inch round bars located at third-span points.
The entire apparatus is of stainless steel so as to eliminate corrosion
and scaling at elevated temperatures.

If it is desired to obtain deflections at various loads, it is necessary to
provide deflection measuring apparatus that should be supported on the
specimen so that deformation and bending of the reaction base and settle-
ment of the specimen will not be falsely included as specimen deflection.
One simple way to support deflection measuring apparatus on the spec-
imen is to insert pins in the core at the neutral axis. Inserted pins for
measuring midspan deflection with reference to reaction points are shown
in figure 4. Figure 5 shows deflection measuring apparatus placed on
the pins. This apparatus consists of a T-bar supported on the reaction
pins. Attached to the stem of the T-bar is a tube extending downward
through the bottom of the test furnace. At the lower end of the tube a
dial indicator, reading to 0.001 inch, is attached. The spindle of the dial
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indicator is connected to a slender bar extending within the tube to a hook
for placement over the pin located at midspan on the specimen.

Because materials under combined bending and shear loads deflect due to
shear as well as bending, it is possible to determine shear rigidity as
well as bending stiffness. Deflections of most materials due to shear
distortion are usually small. This may not be the case for sandwich con-
struction because the bond and lightweight core are nearly the sole con-
tributors to shear rigidity. If the bending stiffness of the sandwich at
test temperature is well known, it is possible to compute bending deflec-
tions and subtract them from test deflections to obtain shear deflections
and finally shear rigidity. If the bending stiffness of the sandwich at test
temperature is not known, it is possible to measure deflection under mid-
span load, then measure deflection under two-point loading, and solve
the deflection equations for bending stiffness and shear rigidity. If the
core shear modulus is above about 20,000 pounds per square inch, it will
be found that reliable reproducible results of shear rigidity are difficult,
if not impossible to obtain from the test data. This simply reflects the
fact that shear deflections are so small that they cannot be measured ac-
curately enough to get shear rigidity, on itself. Such results, although
discouraging to analyze, should be encouraging because they probably
indicate adequate shear rigidity of the sandwich.

The flexure test under two-point loading is usually continued until a max-
imum load is reached, followed by specimen failure. A gradual drop in
load, after maximum, associated with excessive sandwich deflections
can be caused by overstraining the facings or by creep in the bond or
core. Failures due to facing wrinkling, core shear, or bond shear usu-
ally occur suddenly and are followed by sudden drop in load at failure.
Core shear failures cause the sandwich to have a crimped appearance,
the failure being in the region of the specimen located between the re-
action and load point. Such failures may often exhibit open spaces be-
tween the facings and core, but this may be caused by cleavage and peel-
ing following the core shear failure. It may be possible to have failures
of similar appearance precipitated by bond failure, and then the decision
as to which came first can only be decided by comparing core shear
stresses with expected core shear strength.

Often the sandwich shear strength is used to compute the core shear
strength. Such a computation can be made in an approximate manner. If
the sandwich facings are thin, the values obtained will be nearly equal to
actual core shear strength. If the sandwich facings are fairly thick and
stiff, the facings themselves will carry enough shear so that the core
shear strength will be unconservative.
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Resume

This paper has given descriptions of apparatus used at the Forest Prod-
ucts Laboratory for testing of sandwich constructions at elevated temper-
atures. Detailed descriptions were given of tests to determine edgewise
compressive strength and flatwise flexural strength of structural sand-
wich constructions. Other tests, such as flatwise compression, flatwise
tension, and the two-plate shear test, have been used occasionally to ob-
tain basic information. These tests have certain limitations including
those caused by failure at elevated temperature of bonding systems used
to attach loading fixtures to the sandwich specimens.

It is beyond the scope of this paper to present formulas for computing the
various sandwich properties. Such information is in the literature, much
is given by the appropriate ASTM test methods contained in Part 4 of the
1955 Standards. Additional information and detailed derivations of per-
tinent formulas are given in the brief bibliography of this paper.
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Figure 1. --General view of apparatus for testing at elevated
temperatures.
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Figure 2. --Assembled apparatus for edgewise-compression test of
sandwich showing movable base and Marten's mirror compres -
someters attached to specimen facings.
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Figure 3. --Apparatus for edgewise compression test of sandwich showing top loading
plate inverted to show the groove and details of movable base.
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Figure 4. --Apparatus for applying load to sandwich flatwise flexure
specimen.
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Figure 5. --Apparatus for conducting flexure test of sandwich, showing
deflection measuring apparatus supported on the specimen.
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