Copyright © 1993 GENERAL MOTORS CORP. All Rights Reserved

2 §500kL379 0000»84 7289

GENERAL MOTORS ENGINEERING STANDARDS

Materlals and Processes - Procedures

GUIDE TO IDENTIFYING ADHESIVE FAILURE MODES
GMIS10P

1 SCOPE. This procedure defines and identifies the vari-
ous failure modes commeonly seen when testing adhesive
bonds. This document was developed around bonding fiber
reinforced plastic (FRP), specifically sheet molding compound
(SMC).

1.1 This document refers to several Figures, 4 through 13,
which are color copies of photographs of actual tested speci-
mens. They are not included with this Procedure, but are
available through Engineering Standards.

1.2 KEY WORDS. Adhesive, Failure Mode, FRP, Fiber
Reinforced Plastic.

2 REFERENCED STANDARDS.
None

3 DESCRIPTION OF FAILURE MODES.

3.1 ADHESIVE FATLURE, ADH or A. Rupture of an adhe-
sive bond, such that the separation appears to be at the
adhesive adherend interface. (Synonym, interfacial failure.)
See Figures 2, 4 and 5.

NOTE: After failure, the FRP and adhesive surfaces may have
a shiny appearance and there is no evidence that any adhesive
and/or FRP has transferred to the other surface.

3.2 COHESIVE FAILURE, COH or C. Rupture of an
adhesive bond, such that the separation is within the adhesive.
See Figures 2, 4, and 6.

NOTE: This term has also been used to describe a failure
within the FRP substrate. That usage is being discouraged.

3.3 THIN LAYER COHESIVE FAILURE, TLC. Similar to
cohesive failure, except that the failure is very close to the
adhesive substrate interface, characterized by a “light dusting”
of adhesive on one substrate surface and a thick layer of adhe-
sive left on the other. See Figures 2, 4, and 7.

3.4 FIBER TEAR FAILURE, FI. Failure occurring exclu-
sively within the FRP matrix, characterized by the appearance
of glass fibers on both failure surfaces. Sec Figures 2, 4, and 8.

3.5 LIGHT FIBER TEAR FAILURE, LFT. Failure occur-
ning within the FRP substrate, near the surface, characterized
by a thin layer off the FRP resin matrix visible on the adhe-
sive, with lirtle or no glass fibers ransferred from the substrate
to the adhesive. See Figures 2, 4, and 9.

3.6 STOCK BREAK FAILURE, SB. A break of the FRP
substrate outside the bond region, often occurring near the
bonded area. See Figures 2, 4, and 10.

3,7 MIXED FAILURE MODES. Two or morc of the above
failure modes are present. See Figures 11, 12, and 13.

4 TEST SAMPLE

4.1 CAUTION. When characterizing the failure modes of
FRP adhesively bonded joints, it is esscntial that the analysis
be conducted on specimens tested by only one test method.
There is no guarantee that the failure modes of FRP adhestvely
bonded joints will be the same when tested by different test
methods.

4.2 TEST SPECIMENS. Preparc test specimens in accord-
ance with the specified test method to be used in evaluating the
adhesively bonded FRP joint, such a single overlap shear or
wedge test. See Figure 1.

§ TEST PROCEDURE.

5.1 Condition and test specimens as specified in the selected
test method.

5.2 Evaluate the failure mode for each specimen by using the
Photographic standards shown in Figures 5 1o 13.

5.2.1 For samples exhibiting morc than onc failure mode
determine the percentages of cach. See Figures 11 to 13.

5.2.2 For increase accuracy, use a grid drawn on a clear film
placed over failure surface. Count squares of each type of fail-
ure mode and calculate percentage.

NOTE: For photographs in this Procedure, percentages were
calculated using a 25 square grid, resulting in the accuracy of
t 4%.

5.3 Interpretation of each failure mode is based solely on
visua] observation of the failure surface without the aid of a
microscope or other means to magnify the surface.

5.4 Except for the linc drawing representations given, this
practice does not contain descriptions of failure modes possi-
ble when using adhesion promoters. However, similar
analogies to the failure modes described above can be made.
See Figure 3. .

6 REPORT.  Report the following:

6.1 Test method used.

6.2 Type of failure. This should include percentages when
more than one failure mode occurs.

NOTE: Include all pertinent data as per the test method used.

6.3 This Procedure yiclds essentially qualitative comparison
data to identify failure modes of bonded assemblies. Precision
as normally expressed for quantitative measurement test meth-
ods is not directly applicable.

6.4 This Procedure does not rate failure modes as "accept-
able” or "unacceptable”, but mercly defines the failure modes.
It is up to the responsibic engineer to make that judgement for
the application.
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FIGURE 1

7 SAFETY.  This method may involve hazardous materi- 8 GENERAL INFORMATION.  This standard was origi-
als, operations and cquipment. This method does not propose nated by the Adhesives Committee in May 1992 and approved
1o address all the safety problems associated with its use. It is in April 1993.

the responsibility of the user of this method to establish appro-

priate safety and health practices and determine the

applicability of regulatory limitations prior to use.
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