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| NTRODUCI NG GCCMs e

What is a GCCM - Geosynthetic Cementitious Composite Mat

ASTM D4439:
A factory-assembled geosynthetic composite consisting of a
cementitious material contained within layer or layers of
geosynthetic materials that becomes hardened when hydrated.

It combines the flexibility of geotextile fabrics with the durability of
hardened concrete!

GCCMs can be used:

A When soft armor protection will NOT
work ! (lack of vegetation)

A When hard armor is required
GCCMs cannot be used:
A Driveways and sidewalks

A Where there is daily traffic



TYPES OF GCCM?

Fibrous top surface
(surface to hydrate)

3D fiber matrix

A flexible concrete filled geosynthetic that hardens when hydrated to _
form a thin, durable waterproof concrete layer.

GCCMs consists of:
- Dry concrete mix

Dry concrete mix

- Geotextile layer(s)

-3D Fiber Matrix i smaller profile T more flexible i better
conformance to uneven subgrade

-Two Nonwoven geotextiles stitched together 7 larger profile 1 UV Stabilized

. .. . Polyester top surface
designed for water conveyance, irrigation, stormwater, (surface to hydrate)
wastewater

PVC backing
(water proof layer)

-Water impermeable lower surface

A Concrete is porous. Membrane prevents water from permeating
through the plane of the GCCM

A PVC for erosion control i mechanical connection only
A LLDPE for containment i mechanical and/or thermal bonding

Polypropylene
Reinforcement layer

High tensile linking fibers
connecting top surface to
backing.

Fused LLDPE

o geomembrane backing
(CCX-U°® has no LLDPE)

High density cementitious mix
providing optimum water/powder
ratio in all hydration conditions



Typical GCCM Applications
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A Design Review i ASTM D8364




GCCM Specific Standards

GCCM Specific Standards:
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GCCM Types Defined in ASTM D8364
Classification of GCCM Materials by Applications

Type | GCCMs:

ALowest requirements for abrasion and wear

AFor low shear stress and low flow velocity applications

ANot subject to impact loads (traffic, heavy debris, wave action)
Alnstalled over dense subgrades (concrete/rock)
ARemediation, erosion control, slopes, berms

Type Il GCCMs:

AGreater requirements for abrasion and wear

AFor higher shear stress and flow velocity applications
ASubiject to impact loads (and wave action)

Alnstalled over medium dense subgrades

AcCanals, drainage applications, armoring, slopes, berms

Type lll GCCM:

A Where additional flexural strength is required due to loose subgrades or for more
severe conditions

A Higher grade types would be expected to be more durable and longer lasting than
lower grade types in the same application, or for debris prevention expected.




ASTM Categories & Properties

GCCM Property

Test Method

State of GCCM

Unit

Minimum Values Unless Specified

Type | Type Il | Type ll
Thickness ASTM D5199 uncured in 0.18 0.27 0.27
Thickness ASTM D5199 cured - 24 hrs in 0.18 0.27 0.27
Mass per Unit Area ASTM D5993 uncured Ib/ft2 1.33 2.15 2.15
Density ASTM D5993/D5199 uncured Ib/ft3 78 78 78
Flexural Strength - Initial Breaking Load ASTM D8058 cured - 24 hrs lb¢/in 3.5 8.5 21
Flexural Strength- Initial Flexural Strength ASTM D8058 cured - 24 hrs psi 500 500 500
Flexural Strength- Final Flexural Strength ASTM D8058 cured - 24 hrs psi 580 580 580
Compressive Strength of Cementitious Mix ASTM D8329 cured - 28 days psi 5,800 7,200 8,700
Pyramid Puncture Resistance ASTM D5494 Type B cured - 28 days by 450 780 1,000
Abrasion Resistance (maximum value) ASTM C1353 cured - 28 days | in/1000 Cycles | 0.012 0.012 0.012
Tensile Strength - Final ASTM D6768 uncured lb¢/in 45 45 45
Tensile Strength - Initial ASTM D4885 cured - 28 days Ib¢/in 20 36 50
Tensile Strength - Final ASTM D4885 cured - 28 days lb¢/in 57 108 108
Freeze - Thaw (residual Initial Flexural Strength after ASTM C1185 cured - 28 days % 80 80 S0

200 cycles)




PHYSICAL PROPERTIES COMPARISON - OVERVIEW

COMPARISON OF ASTM D8364 1 GCCM TEST PROPERTIES

ASTM Test Method/Property/Units ASTM DES64 CCT1 CCT2 CCX-M
Type 1 Type 2

A As concrete is a key component of a GCCM, compressive strength is of paramount importance. The compressive strength is
directly related to a GCCM performance as it relates to:
A Abrasion resistance
A Flexural Strength
A Freeze-thaw Durability
A Chemical resistance
A As shown in ASTM D8364, compressive strength below 5,800 psi is not suitable for GCCM applications

A 1t is also important to ensure any compressive strength reported is tested to ASTM D8329 as this method was developed
specifically for GCCM to model the worst-case behavior of a field hydrated GCCM. It does not consider the best-case
precision as would be expected in a concrete mixing facility.



ASTM D8329 GCCM COMPRESSIVE STRENGTH
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Figure 4. Relationship between compressive strength and water/cement ratio.

(© IHS Markit, reproduced with permission from Design of Normal Concrete Mixes - BRE Report BR 331)



PHYSICAL PROPERTIES COMPARISON - OVERVIEW

COMPARISON OF ASTM D8364 1 GCCM TEST PROPERTIES

ASTM Test Method/Property/Units ASTM D804 CCT1 CCT2 CCX-M
Type 1 Type 2

D8058 1 Initial Flexural Strength (psi) 500
D8058 i Initial Breaking Load (Ib,/in) 3.5 8.5
D8058 1 Final Flexural Strength (psi) 580

A Flexural strength is another important test for assuring a high quality GCCM. The flexural strength provides insight into how
the material will perform as it relates to:
A Compressive strength
A Abrasion resistance
A Freeze-thaw durability

A GCCM with lower flexural strength are more likely to disintegrate over time due to a weaker concrete mix

A GCCM with higher flexural strength are indicative of well constrained product with controlled water to cement ratios.



ASTM D8058 GCCM FLEXURAL STRENGTH

ASTM D8058-19: Standard Test Method for Determining the Flexural Strength of a GCCM
using a Three-Point Bending Test

Geosynthetics are strong in tension Concrete is strong in compression
but weak in compression but weak in tension

Tensile testing of GCCMs does not provide information on the quality of the cementitious material



ASTM D8058 GCCM FLEXURAL STRENGTH

ASTM D8058-19

Tests the compressive Load
strength of the concrete ‘
component and the tensile

strength of the geotextile
component.

Compression

This is important because
It may experience both in
field applications.

Flexural Strength testing of cured GCCMSs provides the best overall indication of the in-service
performance of a GCCM by compressing one surface while simultaneously extending the other and is
considered the standard index test for this class of material.



ASTM D8058 GCCM FLEXURAL STRENGTH

ASTM D8058-19

Compressive strength tests the concrete
strength, but takes 28 days to complete.

Flexural strength testing is a quick index
test in much the same way that tensile
testing has been used for other
geosynthetics.

FIl exur al strength tes
provides the best overall indication of its
performance in its hardened (cured) state.

3 point Bending test for Flexural Strength



Assessment of Learning Questions
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A What ASTM Type GCCM includes recommendations for channels? Type 1, 2 or 3?

Typical Type Il applications:
A Channel Lining
A Armoring
A Culvert Lining
A Slope Protection
A Berm Protection
A Remediation of Concrete Hydraulic Structures

A What does the 3point bending test ASTM D8058.9) measure?

Flexural Strength testing of cured GCCMs provides the best overall indication of the in-service
performance of a GCCM by compressing one surface while simultaneously extending the other and is
considered the standard index test for this class of material.
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A Installation, Applications and Benefits




4 INSTALLATION PRINCIPLES

AVOID
VOIDS



4 INSTALLATION PRINCIPLES

AVOID VOIDS

Prepare the substrate so it is well compacted,
geotechnically stable and has a smooth and
uniform surface

- For soil substrates, remove any vegetation,
sharp or protruding rocks and fill any large void
spaces. Ensure the CC makes direct contact
with the substrate to minimize soil bridging or
potential soil migration under the layer

- For concrete substrates, remove any loose or
friable material, cut away any protruding
exposed re-bar and fill any large cracks or
voids



https://www.concretecanvas.com/documents/downloaddoc/cc-channel-lining-m6-smart-motorway-uk.pdf

4 INSTALLATION PRINCIPLES

/

Illﬁ»

SECURE
CC



JOINTING

SCREWED JOINT SCREWED & SEALED JOINT

Machine Edge Machine Edge

:; Machine %
Machine i Edge
Edge \
>4”
I\ Screws & Sealant Joint

>4”

THERMAL BONDING WITH SCREWS

MM =2.5” wide thermal bond area




4 INSTALLATION PRINCIPLES

o0
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PREVENT
INFILTRATION




4 INSTALLATION PRINCIPLES

ANCHORS
To a soil substrate;

Pegs

- Galvanized J-Pegs

-100 | ong

- Inserted through overlapped GCCM layers within
anchor trench

Anchor Trenching

- Essential for the majority of installations

- Prevent undermining from water and wind uplift

- Provide a neat termination

-Mi ni mum di mensions 60 X 60 X
- Typically used in conjunction with pegs

Intermediate Anchors

- Required for high load applications or poor ground
conditions

- Specification by certified geotechnical engineer



https://www.concretecanvas.com/documents/downloaddoc/cc-channel-lining-avoca-mines-ireland.pdf

4 INSTALLATION PRINCIPLES

HYDRATE
FULLY



METHOD OF HYDRATION

Spray the fiber surface with water until it feels wet to
touch for several minutes after spraying.

Notes:

- GCCM will set underwater. An excess of water is
always recommended

- GCCM must be actively hydrated.

- Do not use high pressure water jet as this may wash
the concrete powder contained in the unset GCCM

- GCCM has a working time of 1-2 hours after hydration.

NON POTASLE

Do not traffic on GGCM once it has begun to set WATER

- Working time will be reduced in warmer climates and
increased in very cold climates

- GCCM will set hard in 24 hours but will continue to gain
strength over time




CONTAINMENT

SLOPE PROTECTION BERM LINING

WEED SUPPRESSION

CULVERTS HARD ARMOR




TYPICAL CHANNEL APPLICATION

Channel i MaxwellAirforce Base, AL 2021

»

Two anchor trenches were
completed, and stone placed for
additional subgrade support

GCCM was anchored in the
trench and joined at the seams



TYPICAL BERM APPLICATION - SECONDARY CONTAINMENT







SLOPE PROTECTION I ENVIRONMENTAL APPLICATIONS

Landfill Project, Southeast, §2012- 8,000 sf of CC8 Bulk 10 Years Later2022




