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NOTE: This guide specification covers the

requi renents for geogrid reinforcenent to enhance
the veneer soil stability for landfill liners and
covers.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenments by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)
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PART 1 GENERAL
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NOTE: GCeonetric requirenments such as slope | ength,
and construction limts should be shown on the

dr awi ngs.
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1.1 VEASUREMENT AND PAYMENT

The unit of measurenent for soil slope reinforcenent will be square neters
(SM yards (SY). Overlaps for splices (if allowed) and for the
Contractor's convenience will not be measured for paynent. Payment will
be made at the respective unit price listed on the bidding schedul e.
Paynment will be full conpensation for furnishing all material, |abor,

equi prent, supplies and incidentals to conplete the work
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REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print process.
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The publications listed below forma part of this specification to the

extent referenced.

The publications are referred to within the text by

t he basic designation only.

ASTM | NTERNATI ONAL ( ASTM

ASTM D4355/ D4355M

ASTM D4595

ASTM D4873/ D4873M

ASTM D5262

ASTM D5321/ D5321M

ASTM D6637

ASTM D6706

(2014) Deterioration of Geotextiles from
Exposure to Light, Moisture and Heat in a
Xenon- Arc Type Appar at us

(2017) Standard Test Method for Tensile
Properties of Ceotextiles by the
Wde-Wdth Strip Method

(2017) Standard Guide for ldentification,
St orage, and Handl i ng of Geosynthetic
Rol I's and Sanpl es

(2007; R 2016) Standard Test Method for
Eval uati ng the Unconfined Tension Creep
Behavi or of Geosynthetics

(2020) Standard Test Method for
Deternining the Shear Strength of

Soi | - Geosynt heti ¢ and

Ceosynt heti c- Geosynthetic Interfaces by
Di rect Shear

(2011) Standard Test Method for
Determ ning Tensile Properties of Geogrids
by the Single or Multi-Ri b Tensile Method

(2001; R 2013) Standard Test Method for

Measuring Geosynthetic Pull out Resistance
in Soil
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1.

GEOSYNTHETI C | NSTI TUTE (GSI)

GSl R CHAa (2012) Determ nation of the Long-Term
Design Strength of Stiff CGeogrids

GSI GRI G&b (2012) Determ nation of the Long-Term
Design Strength of Flexible Geogrids

GSl Rl C&6 (1996) Gip Types for Use in Wde Wdth
Testing of Geotextiles and Geogrids

3 SUBM TTALS
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NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the subnmttals
required for the project. The Guide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a “G’ to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arnmy projects using the

Resi dent Managenent System (RVMS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates submttals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCOCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.
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Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for infornmation only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Governnment.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
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Installation; ¢, [__ 1]
SD- 03 Product Data
Al l owabl e Strength
Manuf act ur er
SD- 04 Sanpl es
Ceogri d Rei nforcenent
SD- 06 Test Reports
Ceogri d Rei nf orcenent
Coefficient of Interaction
Interface Friction Testing
Splices
Conf ormance Testi ng
SD-07 Certificates
Certificates of Conpliance
4 QUALI TY ASSURANCE
Submit a sumary of the manufacturer's qualifications and [ ] copies
of the manufacturer's quality control (QC) manual a mnimum of 7 days
prior to delivery of geogrid to the site. The reinforcement manufacturer
nmust provide a qualified and experienced representative to be available on
an as-needed basis during construction. Visit the site for consultation

[at |l east once during construction] [as requested by the Contracting
Oficer].

.5 DELI VERY, STORAGE, AND HANDLI NG

Check products upon delivery to ensure that the proper naterial has been
received and is dry and undanaged. Protect the materials from danage and
exposure followi ng the guidelines presented in ASTM D4873/ D4873N

.5.1 Label i ng

Label each roll with the manufacturer's name, product identification, rol
di rensi ons, | ot nunber, and date nanufactured.

.5.2 Handl i ng

Handl e and unl oad geogrid rolls by hand, or with |oad carrying straps, a

fork lift with a stinger bar, or an axial bar assenbly. Do not drag, lift
by one end, lift by cables or chains, or drop geosynthetic rolls to the
ground.
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5.3 St or age

Protect geogrid fromdeleterious materials, chem cals, sparks and fl anes,
tenmperatures in excess of 70 degrees C 160 degrees F, and any ot her
environnental condition that may degrade the physical properties. |If
stored outdoors, elevate the rolls fromthe ground surface. Protect
geogri ds, except for extruded grids, with an opaque wat erproof cover.

PART 2 PRODUCTS

2.

1 GEOGRI D REI NFORCEMENT
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NOTE: Polyester is susceptible to hydrolysis in

al kal i ne conditions. A high nol ecul ar wei ght and

| ow carboxyl end group number limt the hydrolysis.
Normally, a mll certificate or certification of
these properties is adequate. The nol ecul ar wei ght
of polyester geosynthetics is determ ned fromGS

GRI G&6, "Deternination of the Nunber Average

Mol ecul ar Wei ght of Pol yet hyl ene Ter epht hal at e (PET)
yarns Based on a Relative Viscosity Value", and ASTM
D4603, "Determi ning Inherent Viscosity of Poly
(Ethyl ene Terephthal ate) (PET) by dass Capillary

Vi sconeter." The carboxyl end group nunber is
determ ned from GSI GRI GG/, "Carboxyl End G oup
Content of Polyethyl ene Terephthal ate (PET) Yarns."

The geogrid sanple is intended to be for visua
denonstration prior to product delivery.

Conf ormance testing sanples, if required, should be
obtained frommaterial actually delivered to the
job. If testing is to be performed for pre
qualification, the mnimum sanple size should be 1
nmeter (36 inches) in length and the full rol

wi dth. Although 1 square neter (yard) will provide
enough naterial for testing, the full roll wdth
shoul d be sanpled since it provides a better

sel ection of specinmen locations, it clearly shows
the machi ne and cross directions, and the difference
in waste and shipping costs is negligible.
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Submit one properly identified 600 by 600 nm 24 by 24 inches m ni num si ze
geogrid sanmple with the fasteners proposed for use. Provide a geogrid
that is a geosynthetic manufactured for reinforcenment applications and a
regul ar network of integrally connected polyner tensile elements with
aperture geonetry sufficient to permt significant nechanical interlock
with the surrounding soil, aggregate, or other fill materials.

a. Subnmit manufacturer's certified raw and roll material test reports
including ultimate strength perforned in accordance with ASTM D6637 or
ASTM D4595 (nmodified). Test results not nmeeting the requirenments in
Table 1 or in the approved Manufacturer's Quality Control Mnual will
result in rejection of applicable rolls. Provide certified test
reports a mninmumof 7 days prior to delivery of geogrid to the site.

b. Provide geogrid structure that is dinmensionally stable and able to
retain its geonmetry under nmanufacture, transport and installation
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Manuf acture geogrid with 100 percent virgin resin consisting of

pol yet hyl ene, pol ypropyl ene, polyester, or other approved material and
with a maxi nrum of 5 percent in-plant regrind nmaterial. Provide

pol yester resin with a m ni mum nol ecul ar wei ght of 25,000 and a

car boxyl end group nunber |ess than 30. Stabilize polyethyl ene and
pol ypropyl ene with | ong term anti oxi dants.

c. Subnit Certificates of Conpliance for the naterials provided and
results of conformance testing. Submt an affidavit certifying raw
and roll material test results submitted are accurate and that the
rei nforcement neets the requirenents of the project specifications.
The affidavit nust be signed by an official authorized to certify on
behal f of the manufacturer. [If the affidavit is dated after award of
the contract and/or is not specific to the project, attach a statenent
certifying that the affidavit addressed to the whol esal e conpany is
representative of the material supplied.] |Include a statenent
confirmng that all purchased resin used to produce reinforcenment is
virgin resin. Provide affidavit a mninumof 7 days prior to delivery
of geogrid to the site.

2.1.1 Ceogri d Reinforcenent Properties
The reinforcement shown on the contract drawi ngs nmust neet the property
requirenents listed in Table 1. Reinforcenent strength requirenents
represent mnimum average roll values in the nmachine direction
TABLE 1
PROPERTY REQUI REMENT TEST DESI GNATI ON
Al l owabl e Strength (Ta) at [ 1 kNNmIb/inch GSI GRI GHa or GSI GRI G&4b
[5] [10] percent strain
UV Resi stance 70 percent after 500 hours ASTM D4355/ D4355M
Coefficient of Interaction* 0. 85 ASTM D6706
for Pull out
Interface Friction at [Peak] [ ] ASTM D5321/ D5321M
[ Resi dual ], Degrees

*Submit the coefficient of interaction for pull-out resistance of the proposed geogrid
in a soil of simlar gradation and texture to the material that will be used for fill
in the reinforced zone. Establish the coefficient of interaction in accordance with
ASTM D6706. Provide certified test results a mninumof 7 days prior to delivery of
geogrid to the site.

2.1.1.1 Al l owabl e Strength

Submit Geogrid allowable strength cal culated in accordance with

GSI GRI GHa or GSI GRI GAb. Itemize each reduction factor. Account for
splice efficiency in the calculations. Provide calculations a m nimum of
7 days prior to delivery of geogrid to the site. Allowable strength is
based on reduction factors for installation damage, durability, and creep
that are applicable to site specific conditions. Determ ne reduction
factors in accordance with the test procedures docunmented in GSI CRI GHa
or GSI GRI G&b. The mnimumreduction factor for durability is 1.1 for

SECTION 31 35 19.13 Page 7




pol yet hyl ene and pol ypropyl ene geogrids and 1.15 for coated pol yester
geogrids. The minimumreduction factor for installation danage is 1.1 for
all polymers. Base the reduction factor for creep on testing performed in
accordance with ASTM D5262 at the strain specified in Table 1

2.1.1.2 Interface Friction Testing
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NOTE: If the geogrid will not be placed in an
anchor trench, interface friction testing should be
conducted to determ ne the runout length for the
geogrid. Al potential slip interfaces beneath the
geogrid need to be tested in conputing the required
runout length. Nornmal stresses specified should be
representative of anticipated field conditions.

Sel ection of peak versus residual val ues should be
based on anticipated interface di splacenents.
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Submit certified | aboratory interface friction test results including
description of equi pnent and test method, a mninmumof 7 days prior to
delivery of geogrid to the site. Conduct |aboratory interface friction
tests on the following interfaces: | ]. The frequency of testing for

each interface nust be at a rate of [1] | ] per project. Conduct
tests in accordance with ASTM D5321/ D5321N. Use normal stresses of

[ 1, [ ], and | ] kPa [ 1, [ ], and | ] psi al ong
with a displacenment rate of [5.0] [ ] mv [0.2] [ ] inches per

mnute. O ient geosynthetics such that the shear force is parallel to the
down sl ope orientation of these conmponents in the field.

2.2 SPLI CES

Provi de splices consisting of a standard nmethod or device recomended by
t he manufacturer of the geogrid. Splices will not be allowed unless
identified on the approved | ayout drawings. Splices must be at |east 75
percent efficient. Denonstrate the splice efficiency through tests
performed in accordance with GSI GRI GXa or GSI GRI G&b.  Splicing may
consi st of overlaps, fusion wedge wel ding, sew ng, or bodkin connections.
Splicing nethods that are dependent on installer experience and skill

| evel , such as hot air and torch-applied open flane, are not acceptable.
Construct overlap splices by placing a mninmumof 50 mr 2 inches of soi
bet ween the | ayers of geogrid.

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

Submit Geogrid layout plan along with anchorage and joint details,
sequenci ng and construction procedures, a mninmumof 7 days prior to
geogri d placenent.

3.1.1 Subgr ade Preparation
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NOTE: For landfill sl ope reinforcenent
applications, geogrids are typically placed directly
on the underlying geosynthetic surface.
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| mredi ately prior to placenent of the geogrid, place the geogrid on a
surface that is free of rock and other material that could danage the
geogrid or the underlying geosynthetics.

3.1.2 Anchor Trench
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NOTE: Delete this paragraph if an anchor trench is
not required. Anchor trench di nensions need to be
determ ned on a site specific basis.

Anchor trench di nensions nmust be conputed based on
the pull-out resistance of the geogrid. However,
pul | -out resistance tests (ASTM D6706) are typically
not perforned due to the cost and conplexity of this
test procedure. Data bases of interaction
coefficients for different geogrids, soils, and

| oadi ng conditions are kept by geogrid
manufacturers. Information fromthese data bases

shoul d be used to design the anchorage system
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Pl ace the anchor trench a mni mum of [610] | 1] my [24] | ] inches

back fromthe edge of the slope to be covered. The anchor trench nust be

a mnimumof [610] | ] my [24] | ] inches deep and [610] [ ] mm
[24] [ ] inches wide. Renpve ponded water fromthe anchor trench

while the trench is open. Round trench corners to avoid sharp bends in

the geogrid. Renove |oose soil, rocks larger than [51] [ ] mr [2]

[ ] inches in diameter, and any other material which could reduce the

ef fecti veness of the geogrid fromthe surfaces of the trench. Extend the
geogrid down the front wall and across the bottom of the anchor trench
Perform backfilling and conpaction of the anchor trench in accordance with
Section 31 00 00 EARTHWORK.

3.1.3 Pl acement

Install the geogrid in accordance with the Manufacturer's

recomendations. Unroll the geogrid in the direction of reinforcenent.
After a layer of geogrid has been placed, use suitable neans, that do not
damage t he underlying geosynthetics, to hold the geogrid flat and in place
until cover soil can be placed. Renove geogrid damaged during pl acenment
and covering and replace at no additional cost to the Governnent.

3.1. 4 Overl aps and Fasteners
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NOTE: Adjacent rolls of uniaxial geogrid should not
be overl apped. The plastic-to-plastic contact has
reduced frictional resistance.
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Position adjacent rolls of geogrid edge-to-edge and | oosely fasten to

mai ntain alignment during fill placenent. Do not overlap adjacent rolls.
Use fastener type and spacing as recommended by the nanufacturer and
approved by the Contracting Oficer. Mtallic fasteners will not be

al | oned.
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3.

3.

1.5 Splices

Submit test data showing splice efficiency. Provide certified test
results a mninmum of 7 days prior to delivery of geogrid to the site.
Locate splices, if allowed, within the bottomone-third of the slope.

Limt splicing to only one splice per reinforcing strip and do not include
a splice for two consecutive reinforcing strips. Do not use individua
reinforcing lengths less than 3 neters 10 feet. Pull and hold splices
taut in geogrid reinforcement during cover soil placenent.

.1.6 Penetrati ons

For snall penetrations through geogrids, cut only transverse nenbers of
the geogrid. The load-carrying |ongitudinal (machine direction) nenbers
must be spread around the penetration. For |arger penetrations, place
addi ti onal geogrid on each side of the penetration and spliced to the
adj acent geogrid to conpensate for any |ongitudinal tensile menbers that
nust be cut.

.2 COVER SO L PLACEMENT
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NOTE: The maxi num accept abl e particle size of cover
soil is a function of the mninmum aperture size of
the geogrid and the acceptabl e maxi num particle size
agai nst the underlying geosynthetic |ayer. The book
titled "Designing with Geosynthetics" by Dr. Robert
Koer ner provi des gui dance on conputing the
accept abl e maxi mum particle size of cover soi

mat eri al based on the apperature size of the geogrid.
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Cover geogrid with soil within [5] | ] cal endar days of acceptance
Keep the geogrid snooth and taut during placenment of cover materials. Do
not drop cover soil onto the geogrid froma height greater than 1 m 3 feet.
Push the soil out over the geogrid in an upward tunbling notion. Place
soil fromthe bottom of the slope upward. The initial |oose soil lift

t hi ckness nust be [350] | ] my [12] | ] inches. Use equi prent

wi th ground pressures |less than 50 kPa 7 psi to place the first lift over
the geogrid. Miintain a mninmmof [460] [610] [915] [ ] my [18] [24]
[36] [ ] inches of soil between construction equi prment with ground
pressures greater than 50 kPa 7 psi and the geogrid. Do not use equi pnent
pl aci ng cover soil that stops abruptly, nmakes sharp turns, spins their
wheel s, or travels at speeds exceeding [2.2] [ ] ms [5] | ] mph.
Addi ti onal cover soil material and placenent requirenents are described in
Section 31 00 00 EARTHWORK.

.3 OVERSI GHT

Keep a QA Representative present at all times during geogrid installation.

4 CONFORVANCE TESTI NG
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NOTE: Confornance testing is perforned to verify
quality control test results submitted by the

manuf acturer, to detect degradation during shipping
and storage, and to verify the correct product is
supplied. Verification of quality control by the

SECTION 31 35 19.13 Page 10



manuf acturer and detecting degradation during

shi pping and storage is not economically justified
for small jobs. Unlike reinforcing steel for
concrete, geosynthetics are difficult to identify in
the field, and even experienced personnel can
sonetines mistake the product identity of unlabel ed
material. Testing after delivery to verify the
correct product was supplied may be advi sable for
critical structures. The strength is usually the
nost critical property to verify.
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Submit results of conformance testing. Confornance testing expenses are
the responsibility of the Contractor. Performtesting using a comercia
testing |l aboratory selected by the Contractor and approved by the
Contracting O ficer. The |aboratory nmust be accredited via the

Ceosynt hetic Accreditation Institute's Laboratory Accreditati on Program
(GAI-LAP) for the tests the laboratory will be required to perform The
Contracting Oficer reserves the right to direct the |ocation and sel ect
the material for sanples. Conformance test results nust equal or exceed
results reported on the Manufacturer's certified roll material test
reports.

TABLE 5. CONFORMANCE TESTI NG

PROPERTY TEST DESI GNATI ON FREQUENCY
Wde Wdth Strip Tensile [ ASTM D4595 (nod)][ or ][ [ 1]
Strength ASTM D6637]

Modi fy ASTM D4595 for geogrids considering recommendations in GSI GR GG6.
Express the tensile strength on a unit length basis by substituting n*a
for W, where:

Ws = specinmen width, (mr inches)
nunber of ribs in the sanple (rmust be a whol e nunber)
nom nal rib spacing for the product tested, (mr inches)

n
a

End of Section --
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