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Standard Test Method for
Determining the Integrity of Nonreinforced Geomembrane
Seams Produced Using Thermo-Fusion Methods 1

This standard is issued under the fixed designation D 6392; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.4 This standard does not purport to address all of the

1.1 This test method describes destructive quality controp@fety concerns, if any, associated with its use. It is the
and quality assurance tests used to determine the integrity &¢SPonsibility of the user of this standard to establish appro-
geomembrane seams produced by thermo-fusion methodRliate safety and hga!th practices and determine the applica-
This test method presents the procedures used for determiniffity of regulatory limitations prior to use.
the quality of nonbituminous bonded seams subjected to bo
peel and shear tests. These test procedures are intended
nonreinforced geomembranes only. ) . .

1.2 The types of thermal field seaming techniques used to D 638 Test Method for Tensile Properties of PIa§F|cs ,
construct geomembrane seams include the following. D 882 Test Methods for Tensile Properties of Thin Plastic

1.2.1 Hot Air—This technique introduces high-temperature Sheeting _
air or gas between two geomembrane surfaces to facilitate D 4439 Terminology for Geotext_llés _ _
melting. Pressure is applied to the top or bottom geomembrane, D 5199 Test Method for Measuring the Nominal Thickness
forcing together the two surfaces to form a continuous bond. _ °f Geotextiles and Geomembra}ﬁes _

1.2.2 Hot Wedge (or Knife)-This technique melts the two D 5994 Test Method for Measuring the Core Thickness of
geomembrane surfaces to be seamed by running a hot metal  Textured Geomembranes
wedge between them. Pressure is applied to the top or bottom2-2 EPA Standards: _
geomembrane, or both, to form a continuous bond. Some EPA/6OQ/2-88/052 _L_n_'ung of Was'Fe Containment and Other
seams of this kind are made with dual bond tracks separated by Containment Facilities; Appendix N, Locus of break codes
a nonbonded gap. These seams are sometimes referred to as fOr various types of FML searfis
dual hot wedge seams or double-track seams. 3. Terminology

1.2.3 Extrusion—This technique encompasses extruding . . )
3.1 Definitions of Terms Specific to This Standard:

molten resin between two geomembranes or at the edge of two ; )
overlapped geomembranes to effect a continuous bond. 3.1.1 geomembranen—qgn essentially impermeable geo-

1.3 The types of materials covered by this test methodyNthetic composed of one or more synthetic sheets. i
include the following. 3.1.2 quality assurancen—all planned and systematic ac-

%rReferenced Documents
2.1 ASTM Standards:

1.3.1 Very Low Density Polyethylene (VLDPE) tions necessary to provide adequate confidence that an item or
1.3.2 Linear Low Density Polyethylene (LLDPE) a facility will perform satisfactorily in service.

1.3.3 Very Flexible Polyethylene (VFPE) 3.1.3 quality contro| n—the operational techniques and the
1.3.4 Linear Medium Density Polyethylene (LMDPE) activities, which sustain a quality of material, product, system,
1.3.5 High Density Polyethylene (HDPE) or service that will satisfy given needs; also the use of such
1.3.6 Polyvinyl Chloride (PVC) techniques and activities.

1.3.7 Flexible Polypropylene (fPP) 4. Significance and Use

Note 1—The polyethylene identifiers presented in 1.3.1-1.3.5 describe 4,1 The use of gegomembranes as barrier materials to restrict
the types of materials typically tested using this test method. These antquid migration from one location to another in soil and rock

industry accepted trade descriptions and are not technical materi
classifications based upon material density. Has created a need for a standard test method to evaluate the

1 This test method is under the jurisdiction of ASTM Committee D35 on 2 Annual Book of ASTM Standardgol 08.01.

Geosynthetics and is the direct responsibility of Subcommittee D35.10 on Geomem- 3 Annual Book of ASTM Standardéol 04.13.

branes. 4 Available from the Superintendent of Documents, US Government Printing
Current edition approved April 10, 1999. Published July 1999. Office, Washington, DC 20402.
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quality of geomembrane seams produced by thermo-fusiorequirements for testing geosynthetics as stated in Terminology
methods. In the case of geomembranes, it has become evidddt4439. Long sample conditioning times typically are not
that geomembrane seams can exhibit separation in the fiefabssible for most applications that require seam testing. Prior
under certain conditions. Although this is an index type testo testing, samples should be conditioned for a minimum of 1
method used for quality assurance and quality control purh at 23+ 2°C and a relative humidity between 50 and 70 %.
poses, it is also intended to provide the quality assurance

engineer with sufficient seam peel and shear data to evalua® Destructive Test Methods

seam quality. Recording and reporting data, such as separation; 1 peg| Testing-Subject five specimens to the 90° “T-

that occurs during the peel test and elongation during the shegigg” test (see Fig. 2). If the tested sample is a dual hot wedge
test, will allow the quality assurance engineer to take measuregam, five specimens must be examined for each external track
necessary to ensure the repair of inferior seams during facilityt {he seam. Maintaining the specimen in a horizontal position
construction, and therefore, minimize the potential for seamproyughout the test is not required. Fully grip the test specimen
separation In service. across the width of the specimen. Grip the peel specimen by
securing grips 25 mm (1 in.) on each side of the start of the
T ) ) seam bond, a constant machine cross head speed of 50 mm (2
5._1 Te.nsne instrumentation shall meet the requirementsy y/min for HDPE, LMDPE, and PVC, 500 mm (20 in.)/min
outlined in Test Method D 638. S for LLDPE, VLDPE, VFPE, and fPP. The test is complete
5.2 Grip Faces—Grip faces shall be 25 mm (1 in.) wide and \yhen the specimen ruptures.
a minimum of 25 mm (1 in.) in length. Smooth rubber, fine 7 5 shear Testing-Subject five specimens to the shear test
se_rrated or coarse serrated grip faces have all been found to E%‘?ee Fig. 2). Fully support the test specimen within the grips
suitable for testing geomembrane seams. across the width of the specimen. Secure the grips 25 mm (1
in.) on each side of the start of the seam bond, a constant
machine cross head speed of 50 mm (2 in.)/min for LMDPE
6.1 Seam SamplesCut a portion of the fabricated seam and HDPE, 500 mm (20 in.)/min for fPP, LLDPE, VFPE,
sample from the installed liner in accordance with the project/| ppEg, and PVC. The test is complete for HDPE and LMDPE
specifications. It is recommended that the cutout sample be Oghce the specimen has elongated 50 %. PVC, fPP, LLDPE,

m (1 ft) wide and 0.45 m (1.5 ft) in length with the seam yvFpPE and VLDPE geomembranes should be tested to rupture.
centered in the middle.

6.2 Specimen PreparatierTen specimens shall be cut Note 2—Both peel and shear tests for fPP, LLDPE, VLDPE, and PVC

. . . eomembranes have been tested routinely at both 2 and 20 in./min. When
from the sample submittal. The specimens shall be die c onducting seam peel or shear testing for quality control, or quality

using a 25 mm (nominal 1 in.) wide by a minimum of 150 MM 4sgrance purposes, or both, it may be necessary to select the manufac-
(nominal 6 in.) long die. Specimens that will be subjected towrers recommended testing speed. In the absence of explicit testing
peel and shear tests shall be selected alternately from thpeed requirements, follow those recommended in 7.1 and 7.2.
sample and labeled as shown in Fig. 1. Specimens shall be cut ] .
such that the seam is perpendicular to the longer dimension & Calculations and Observations
the strip specimen. 8.1 Estimate of Seam Peel Separatieiisually estimate

6.3 Conditioning—Samples should be conditioned for 40 h the seam separation demonstrated prior to rupture for peel
in a standard laboratory environment that conforms to thespecimens. The estimate shall be based upon the proportion of

5. Apparatus

6. Sample and Specimen Preparation

PEEL #1

SHEAR #1

PEEL #2

SHEAR #2

PEEL #3

SHEAR #3

PEEL #4

SHEAR #4

PEEL #5

i 1
Il
TT
11
+
11
[l
4
I
=
I
1]
-
||
1
i1
TT
4
b
|

SHEAR #5

SN I AU SN N FUURN [ U [ SN I SN ) SN I OUUR b W—
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FIG. 2 Shear and T-Peel Specimens

linear length of separated bond in the direction of the test, tepecimen during the shear test occurs on one side of the seam. Of course
the length of original bonding to the nearest 25 %. this assumption is inaccurate, since some strain will occur on each side of
the seam, and in the seam area itself; however, it is difficult to make an

Note 3—During the thermo-fusion welding process, some of theaccurate measurement of the strain distribution which occurs in the

melted polymer may be shifted to the outside of the weld during thespecimen during testing. Further, it is not critical to know the exact

pressing of the geomembrane panels together. This melted polymer jgcation of all the strain which occurs during testing but rather to simply

sometimes called “squeeze-out” or “bleed out” and is not considered paftientify when significant reductions in elongation (when compared with

of the bond. Care must be exercised during estimation of the seam pegle typical elongation of a new material) have occurred.

separation to segregate the squeeze or bleed out length from the peeled

bond length. The reported peel separation shall include the peeled borgl Report

length only.

8.2 Rupture Mode SelectierDetermine the locus of break 9.1 The report sh.all _m_clude the following mformfmon. )
for both the peel and shear specimens as shown in Figs. 3 and®-1-1 Report the individual peel and shear specimen maxi-
4. The locus of break for shear specimens that do not ruptur@Um unit tension values in N/mm of width (Ib/in.).

prior tp te,St end (50 % elongat'on)_ ,Sha"_ be, interpreted as Note 5—If requested, report the maximum peel or shear stress. This
occurring in the membrane that exhibits yielding. calculation will require an accurate measurement of thickness for each

8.3 Shear Percent ElongatierCalculate the percent elon- specimen. These measurements should be made in accordance with Test
gation on shear specimens according to Eq 1. Divide théethod D 5199 for smooth geomembranes and Test Method D 5994 for
extension at test end by the original gage length of 25 mm antgxtured geomembranes.

multiply by 100. 9.1.2 Report the cross head speed used during peel and

Elongation= EL X 100 ) shear testing. o
Lo 9.1.3 Report the average of the individual peel and shear
where: sample values recorded.
L = extension at test end, and 9.1.4 If the peel or shear specimen does not rupture, report
L, = original gauge length. the elongation at the maximum cross-head travel limitation. If

) i i ) ) _the gage length is reduced to less than 25 mm (1 in.), this must
Note 4—The intent of measuring elongation using this test method She noted in the report

to identify relatively large reductions in typical break elongation values of )
seam samples. Length is defined as the distance from one grip to the seam9.1.5 Report the mode of specimen rupture for peel and
edge. Using this definition implies that all strain experienced by theshear specimens according to Fig. 3 or Fig. 4.
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Schematic of
Untested Specimen

WeldB  Weld A Top Shest

-—

Direction of Initial Peat DO Sheet

Types of Break Location of Break
Break Code Description
2
o AD Adhesion Failure

jama %’ BRK Break in sheeting.
Break can be in either

top or bottom sheet

::%, SE1 Break in outer edge of
seam. Break can be in either

top or bottom sheet.

'_%_/—sz ] SE2 Break at inner edge of seam

through both sheets.

les!
% AD-BRK Break in first seam after

some adhesion failure.
Break can be in either
top or bottom sheet.

SIp Separation in the plane of
the sheet. Break can be in
either top or bottom sheet.

FIG. 3 Locus-of-Break Codes for Dual Hot Wedge Seams in Unreinforced Geomembranes Tested for Seam Strength in Shear and Peel
Modes

Note 6—“Locus-of-Failure” (Figs. 3 and 4) include only some of the 10. Precision and Bias
typically found seam configurations found in the industry. When this test . .
method is applied to seams bonded in configurations other than those 10_-1_ No stgtement can be made at this time concerning
identified in Fig. 3 or Fig. 4, the users of this test method must agree ofprecision or bias.
applicable descriptions for modes of specimen rupture.
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Schematic of
Untested Specimen

Bead uter Area
T f Buffed Area

\%* Hot Tack (determinated)

Types of Break Location of Break Description
Break Code
el AD1 Failure in adhesion. Specimens may
e also delaminate under the bead and
break through the thin extruded
— material in the outer area.

A AD2 Failure in adhesion.

& Off-Center Bead

[
= AD-WLD® Break through the fillet.

% SE1 Break at seam edge in the bottom
sheet (applicable to shear only).
,:,&;‘_.—__:‘, SE2 Break at seam edge in the top sheet
{applicable to shear only).
A_%_ SE3 Break at seam edge in the bottom
= sheet (applicable to peel only).

% BRK1 Break in the bottom sheeting. A “B” in
= parebtheses following the code means

the specimen broke in the buffed area.

% BRK2 Break in the top sheeting. A “B” in
parebtheses following the code means
the specimen broke in the buffed area.

e AD-BRK Break in the bottom sheeting after some
— adhesion failure between the fillet and the
boftom sheet.

HT Break at the edge of the hot tack for

- . <
&: specimens which could not be

delaminated in the hot tack.
SIP Separation in the plane of the sheet.

(1) Acceptance of AD-WLD breaks may depend on whether test values meet a minimum spacification value.

FIG. 4 Locus-of-Break Codes for Fillet Extrusion Weld Seams in Unreinforced Geomembranes Tested for Seam Strength in Shear and
Peel Modes
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



