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ABSTRACT

Mine reclamation is a process to restore the land that has been disturbed or damaged due to mining activities into
economically reusable and satisfy the environmental requirements. The surface drainage restoration aspect is
particularly important to prevent soil erosion due to rainfall and contamination of the watercourse that will affect the
local communities. This paper is looking at the use of Geosynthetic Cementitious Composite Mat, GCCM for
surface drainage lining which is gaining popularity for its benefits particularly for remote mine sites where access
and transportation are difficult for traditional concrete method. Apart from introducing GCCM, various aspects of the
use of GCCM are discussed. This includes GCCM material properties, ASTM D8364 standard of specification,
material installation and best practices. Challenges, suggestions and case studies are shown at the end of this paper.
In conclusion, GCCM is an effective lining material for drainage restoration in mine reclamation project.
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1 INTRODUCTION OF GCCM

According to Standard of Terminology for
Geosynthetics under ASTM D4439-20, the definition of
Geosynthetic Cementitious Composite Mat, GCCM is
factory-assembled geosynthetic composite consisting of
a cementitious material contained within layer or layers
of geosynthetic materials that becomes hardened when
hydrated. Typical structure of a GCCM can be
illustrated in Figure 1. The structure is depending on
GCCM manufacturers. There is a mechanism to hold
the geosynthetic layer or layers and the cementitious
layer together. For drainage application, it is essential
to have a waterproofing layer to reduce the
permeability of the GCCM and infiltration of possible
contaminants into the soil.
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Fig. 1. Typical structure of a GCCM

2 DRAINAGE LINING METHODS

There are various methods that have been used for
channel lining in mine reclamation. One of the methods
that commonly used in East Kalimantan, Indonesia is to
utilize old tyres of dump trucks and filled with rocks.
This method is called tyres drop structure, TDS as
showed in figure 2. A technical paper has been
published by Hidayat, Ramli and Purwanto, 2022 on
tyres drop structure concluding as a method to reduce
flow velocity and act as an energy dissipator. The
primary reasons of using this method are cost and reuse
of materials on site. However, due to scarcity of old
tyres and rocks, other lining materials such as
geomembrane and GCCM are used.
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3 WHY USE GCCM?

The use of GCCM in mine reclamation is gaining
popularity. There are several advantages of using
GCCM and they are listed as below.

3.1 Technical

The US Bureau of Reclamation (USBR) canal lining
demonstration project year 10 final report, Nov 2002
chapter 6 conclusion had shown that geomembrane
with concrete cover has 95% effectiveness in seepage
control. Although GCCM was not included in the
study, the structure of GCCM with waterproofing
membrane layer is similar to geomembrane with
concrete cover. The coefficient of permeability, k of the
jointing method of screw and sealant for GCCM with
waterproofing membrane can achieve 10°m/s in
laboratory testing. This value is favorable if compared
to compacted clay layers of 10®°m/s with ordinary
construction and quality control (J.P.Giroud, GeoAfrica
2017). The concrete cover provides protection to the
waterproofing membrane from vandalism damage and
better puncture resistance compared to exposed
geomembrane. Thus, making GCCM an excellent
choice of channel lining material.

3.2 Cost Effective

The cost of GCCM is very much depending on the
location of the mine site. If the mine site is very remote
and difficult to access, GCCM can be very cost
effective compared to traditional poured or precast
concrete.

3.3 Installation

The installation of GCCM is quite simple and fast
compared to poured concrete. There is no welding
required if the joint method is just screw and sealant. A
typical installation rate is approximately 300m2 per day
according to author’s experience, which is very fast
compared to traditional poured concrete.

3.4 Sustainability

All  geosynthetics materials are sustainable
construction materials according to the paper presented
by STG Ng, 2022. Although, a component of the
GCCM is cement, the overall carbon emission is lower
compared to traditional 150mm poured concrete based
on Life Cycle Analysis, LCA.

3.5 Environmental

As GCCM cementitious component may have
contaminants, most manufacturers will take initiative to
conduct leachate testing to ensure the leachate from
initial hydration is compliance to US Environmental
Protection Agency’s (EPA) Resource Conservation and
Recovery Act (RCRA) requirement.

4 ASTM D 8364 STANDARD SPECIFICATION

The standard of specification for GCCM material is
published under ASTM D8364/D8364M. Under table 1

in this specification, GCCM are classified into Type I,
IT and III. For channel lining, Type II specification
should be followed. The key properties for channel
lining applications are flexural strength, compressive
strength, abrasion resistance and tensile strength.

4.1 Flexural Strength (24 hours) — ASTM D8050-23
GCCM is a composite material that combines
properties of concrete and geosynthetics, hence the
initial flexural strength, initial breaking load and final
flexural strength are essential to determine the quality
of GCCM. Concrete is good in compression but weak
in tensile. The first crack the GCCM always happen on
concrete component and the strength is measured as
initial flexural strength. The geosynthetics component
has higher elongation and the strength is measured as
final flexural strength. It is important to take note that
sample preparation before carrying out flexural strength
test need to follow ASTM D8030/D8030M-23 in which
sample is fully submerged inside the water and cured
for 24 hours. GCCM is non isotropic material. The
initial flexural strength needs to be carried out in 4
orientations which are top machine and cross machine
direction and bottom machine and cross machine
direction. The lowest value of 4 orientations should be
reported. The typical stress (Mpa) vs displacement (mm)
graph of flexural strength can be shown in Figure 3.
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Fig. 3. Typical graph of GCCM flexural strength

4.2 Compressive strength — ASTM D8329 /C109

The compressive strength test for GCCM is ASTM
D8329/C109. There are two steps to carry out this test.
Firstly, the water cement ratio needs to be
pre-determined by deconsolidate the GCCM before
submerging inside a hydration tank. The water cement
ratio is then used to prepare concrete cube for
compression test under ASTM C109. The
deconsolidation purpose is to simulate site installation
where GCCM is unroll, cut and deploy for installation.
The compressive strength of GCCM is governed by
water-cement ratio. High water cement ratio will result
lower compressive strength. It is important to take note
that no compression test can be carried out on cured
GCCM specimens. This is important because some
laboratories/manufacturers conduct the compressive
strength wrongly as shown figure 4.
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Fig. 4. Incorrect GCCM compressive strength test.

4.3 Abrasion Resistance — ASTM C 1353

Abrasion resistance of GCCM is carried out under
ASTM C1353 test method with specimen that cured for
28 days. It is important to take note the unit is mm/1000
cycles and only for the cementitious component. The
maximum value allowed under ASTM D8364
specification is 0.3mm/1000 cycles.

4.4 Tensile strength

Tensile strength is important to ensure GCCM able
to support its own weight during installation. It is also
an important parameter to determine the number of
fixings to resist material sliding and shear force from
water flow.

4.3 Manning value

The manning value for GCCM is depending on the
manufacturer to carry out the test. There should be two
manning values, one on machine direction and another
on cross machine direction. In general, the manning
value for GCCM is low due to the smooth top surface.

4.5 Manufacturing Quality Control
For manufacturing quality control, table 2 in the
ASTM D8364 specification should be followed.

Table 2. Factory Production Test Frequency

Property Test Method ~ State Frequency of
Testing
Thickness D5199 Uncured 4,000m2
Procedure A Cured 4,000m2
Mass per unit area D 5993 Uncured 4,000m2
Flexural strength D 8058 Cured 4,000m2
(Initial break at 24h)

5 INSTALLATION OF GCCM

The installation of GCCM is important to ensure it
will perform as an effective lining material. Very often
a GCCM failure is due to incorrect installation such as
no anchor trenches, screws are too close the edges,
insufficient of overlaps or fixings. Other failures that
commonly occurred are damages by falling rocks,
erosion undernecath GCCM, shrinkages, incorrect
GCCM usage and other geotechnical issue. GCCM is
an erosion control material and should not be used as
structural element or reinforcement.

5.1 Subgrade preparation

Subgrade preparation is important to ensure GCCM
works properly. The subgrade should be firm, free of
protruding or loose objects. Void or hole should be
filled with suitable backfill or pour concrete. If
subgrade is not stable, a geotechnical assessment and
subsequence stabilization is required to prevent sliding
or settlement.

5.2 Secure GCCM

GCCM needs to be secured with anchor trenches or
suitable ground anchors to prevent sliding. The jointing
methods between two panels are screw, screw with
sealant or thermal bonding with screw. Two important
parameters to determine the type of joint are
mechanical strength and the impermeability. The
location, spacing and screw size are according to
manufacturer recommendations. Intermediate fixing
such as pegs, J pins or ground anchors are required
especially for large channel.

5.3 Prevent ingress

Water ingress at joints or anchor trenches can cause
erosion underneath GCCM and leads to failure or
damage. For channel lining application, it is
recommended to have screw with sealant or thermal
bonding with screw. The anchor trenches should be
backfilled with non-erodible materials. The overlaps
should be in the direction of water flow (similar to
laying roof tiles) to prevent ingress.

5.4 Hydration of GCCM

Hydration of GCCM should be done according to
manufacturer’s guideline and fresh water should be
used. Some GCCMs with special cement blend can use
seawater for hydration but not common for channel
lining projects in mine reclamation. GCCM should
harden after 24 hours of hydration. The flexural
strength and compression strength of GCCM will
increase over time until 28 days. Extreme climates such
very low temperature or drying condition can affect
curing of GCCM.

5.5 Installation sequence

Ideal installation sequence should start in the
morning by deployment of GCCM at downstream end
of channel and work up gradient. In the afternoon,
anchor trench should be filled, fixings and screws
should be placed. Hydration should be done in the late
afternoon. This helps to reduce shrinkage especially for
hot climate countries. If case of extreme low
temperature, protection of GCCM is needed. The
manufacturers will provide proper installation guidance
for different climates. It is essential to establish a check
list to ensure installation is properly done.

6 BEST PRACTICES

Some best practices of using GCCM as channel
lining material in mine reclamation based on past



projects that authors know are as below.

6.1 Check slots

In general, GCCM has higher puncture resistance
than geomembrane. However, it is not “boulder/debris
proof” especially large boulder/debris at mine site
which may puncture GCCM and create a hole. Water
ingress through the hole may cause erosion of the
substrate, eliminating the support for GCCM and
ultimately material rip out. Check slots are intermediate
anchor trenches across the width of the channel. The
purpose of check slots is to limit the damage of GCCM
uplifting/rip out to an acceptable commercial value.
The spacing between check slots is determined by the
designer.
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Fig. 5. Typical check slot details

6.2 Energy dissipator

GCCM should not be used as energy dissipator. In
many cases, GCCM will be damaged by high impact
load and severe scour caused by the water. Common
energy dissipators such as rip-rap, gabion reno mattress
or large concrete structure should be used as energy
dissipators. The use of energy dissipator is very
common at the downstream of a channel. Figure 6
shows a concrete structure and gabion used as energy
dissipator.

Fig. 6. Concrete structure and gabion used as energy dissipator

6.3 Drop structure
According to Urban Stormwater Management
Manual of Malaysia (MSMA), drop structure is used

for reducing flow velocity in a steep channel by
combining a series of gentle slopes and vertical drops.
The kinetic energy or flow velocity gained by the water
as it drops over the crest of each spillway is dissipated
by an apron. As mentioned in 6.2 above, GCCM should
not be used as energy dissipator and therefore the
channel design should be free of drop structures. Drop
structure makes installation of GCCM difficult as a lot
of cutting and jointing are required to conform to the
profile. This also increase the risk of water ingress and
erosion underneath the GCCM. The flow velocity can
be reduced by placing large energy dissipator at the end
of the channel as showed in Fig 6 and 7. It is also a
good practice to widen the end channel invert as flow
depth is expected to increase due to higher manning
value of riprap.
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Fig. 7. Riprap as energy dissipator at the end of a ¢

6.4 Geotextile filter

Geotextile filter should be placed underneath
GCCM if necessary to prevent unexpected leaks,
permeable joint or holes caused by accidental rocks fall
or debris. This is particularly important if substrate is
highly erodible soil.

6.5 Fixings

Fixing or ground anchors are required for channel
with steep gradient or large channel width. The shear
force can be calculated using Hydraulic Toolbox from
Federal Highway of Administration, U.S Department of
Transportation. It is important to take consideration of
the GCCM weight and interface friction angle between
GCCM and substrate. Large fixing head should be used
for better grip on GCCM. If ground anchors are used,
they should be load locked prior to hydration, then
again 24-48 hours after hydration to remove any slack
during curing.

6.6 Side-slope stability

As mentioned in section 5, GCCM should not be
used for stabilization or structural support. Many
engineers have misconception on the use of GCCM and
apply 1H:1V on the channel side slope. This may have
soil movement issue if slope is not stable. The side
slope stability should be checked and designed within
the scope of geotechnical engineering.



7 CHALLENGES AND SUGGESTION

There are challenges and suggestions of using GCCM
as channel lining material and they are described as
below.

7.1 Site quality check

Unlike other geosynthetics which have well
established site quality assurance check, GCCM is lack
of site quality verification method. The current practice
is to sample GCCM on site, sealed with proper plastic
wrapper and send to accredited laboratory for 24 hours
flexural strength test. The challenge of sampling a
cured sample at site is the sample flatness which is
difficult to achieve at site. In addition, lack of
accredited laboratory to carry out flexural strength test
is another issue. Other method that is currently under
review is Windsor Pin test which can give estimation of
flexural strength.

7.2 Site drop test

GCCM can be damaged by rock/boulders. However,
there is no test to determine what shape, size and drop
height of a rock can damage the GCCM substantially.
The ASTM D8324 standard specification has included
pyramid puncture test of ASTM D5494, Type B which
is a static test for protection of geomembrane. This does
not take into consideration that most puncturing
damage occurs in GCCM are due to falling rock or
debris. Hence, cone drop test should be included in the
specification. This will help manufacturers to improve
GCCM performance by way of increasing the
thickness, density of the concrete layer or incorporated
reinforcement materials within the GCCM. A site drop
test can be carried out before installation to evaluate the
performance and quality of GCCM.
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Fig. 8. A trial drop test carried out to examine the damage of
GCCM by dropping a steel ball.

7.3 Abrasion resistance

The top fabric layer of a GCCM is expected to be
wore out during the abrasion test of ASTM C1353. The
author feels it is necessary to take the reduction of top
surface fabric into consideration and report both fabric
and cementitious layer values. Theoretically, top
surface fabric will wear out much faster than

cementitious layer but it does contribute to the overall
GCCM abrasion resistance. In some cases, high
abrasion resistance geotextile may be considered as
GCCM top surface fabric to improve the overall
abrasion resistance.

7.4 Detailed engineering

Proper engineering design is important to ensure
GCCM performed as effective lining material. The
geotechnical engineering aspect is often neglected
when designing a channel with GCCM as mentioned in
section 6.6. This soil at mine site has been disturbed
due to mining activities and therefore soil investigation
is required for proper engineering design.

7.5 Mode of failures

GCCM is still a relatively new lining material. A
proper documentation of the mode of failures are
essential for effectiveness and durability improvement.
In the author’s opinion, the failures can be categorized
into material, installation and external factors.

7.5.1 Material

Possible material failure reasons are weathering
(fabric & cementitious layer), cementitious lost which
leads to hardening issue, poor initial flexural strength
and detachment of waterproofing layer. Constant
material research and development from manufacturers
is needed for material improvement.

7.5.2 Installation

Installation failure is the most common mode of
failures. The common factors are no anchor trench or
fixings, insufficient of hydration or overlap, screw too
close to the edges, poor substrate preparation such as
voids and water ingress. Initial briefing, training and
supervision from the manufacturers can help to reduce
installation failure.

7.5.3 External

Failures that due to external factors are soil
movement, puncture by rock or debris, unexpected high
water flow and improper use of GCCM. This type of
failure can be eliminated with proper engineering at
design stage.

8 CASE STUDIES

There are numerous mine projects that use GCCM
as channel lining. UK Coal Authority has several
projects that using GCCM as lining material. A coal
mine in east Kalimantan Indonesia also uses GCCM as
channel lining material for mine reclamation. Some of
the case studies are shown below.

8.1 Glyncorrwg, Wales UK

The coal mine at Glyncorrwg Wales UK was one of
the few coal mines that use GCCM for channel lining.
It has been 9 years since GCCM was installed and still
working well. The channel was previously lined with
HDPE geomembrane and protected with nonwoven



geotextiles which had degraded over the years due to
UV exposure, puncture and wear.

Fig. 9. GCCM lined channel in Glyncorrwg since 2016

8.2 Coalcleugh mine Northumberland, UK

Coalcleugh Northumberland Wales is
project that used GCCM to restore surface drainage in
mine reclamation. The surface water had been eroding
the spoil heap and heavy metals such Cadnium, Zink
and Lead were pick-up by surface water and polluting
the environment. The Coal Authority had initiated a
program to clean up the contamination. Apart from
covering the spoil heap and allow vegetation to grow, a
GCCM lined channel was built to diver the surface
water from the valley without getting in touch the spoil
heap. GCCM with waterproofing layer was chosen to
reduce water seepage to the ground. Another reason of
using GCCM in this project was accessibility. GCCM
was made into man portable batched rolls and
transported manually to channel site.

another

Fig. IO,GCCM lined channel sine 2019

8.3 Coal Mine Indonesia

A coal mine in Indonesia uses GCCM for surface
drainage lining in their mine reclamation project.
Although, there were some challenges and issues with
the GCCM lined channel due to soft substrate, the

overall performance of the GCCM lined surface
drainage channel was satisfactory.

Fig. 11. GCCM lined channel after 2 years in Indonesia

CONCLUSION

In conclusion, GCCM is an excellent choice of
channel lining material for mine reclamation especially
for mine site that is very remote. There are many
successful GCCM mine projects in UK, Africa, North
& South America and South East Asia. Selection of
correct GCCM type and proper installation are crucial
for successful projects. Proper engineering design is
also required if ground condition is not suitable
especially soft ground.
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