Proceedings (pre-prints) of the Conference
GEOSINTETIK INDONESIA 2017
“Quality in Construction using Geosynthetics”
Held on 3rd October 2017
At the Century Atlet Park Hotel, Jakarta, Indonesia

Edited by
Michael Dobie, Wira Rante Paganggi & Joseph Ongkowijoyo
Vice President & Secretariat
Indonesian Chapter of the International Geosynthetics Society

Preface
On behalf of the Indonesian Chapter of the International Geosynthetics Society (INA-IGS), I am
pleased to welcome you all both to the Educate the Educators (EtE) Programme and to the 2nd Annual
Seminar on Geosynthetics Indonesia or GEOSintetik Indonesia 2017, held in Jakarta from 2 nd to 3rd
October 2017.
The Educate the Educators (EtE) program was initiated by the International Geosynthetics Society,
to enhance and to train university lecturers in the technology of geosynthetics. In doing so, it is hoped
that the lecturers can impart the knowledge and technology of geosynthetics to their students.
The 2nd Annual Seminar on Geosynthetics Indonesia or GEOSintetik Indonesia 2017, like the first
one, is designed as a place for all the geotechnical engineers to share their knowledge and practice in
geosynthetics applications. This time, the seminar carries the theme of “Quality in Construction using
Geosynthetics”. The organizing committee invited experts to share their knowledge and expertise in
assuring a proper quality control in the application of geosynthetics technology.
The contribution of Sam Allen, Mike Sadlier, Michael Dobie, all the authors, lecturers and delegates
is deeply acknowledged. Let us share, learn, and make this seminar a place where a lively and highquality discussion takes place, to enhance our knowledge.
Finally, as president of INA-IGS, I would like to convey my deep appreciation to the organizing
committee, and to UKRIDA. Without them this EtE and GEOSintetik Indonesia 2017 would not be
successful.
Enjoy the seminar!
Jakarta, 2nd October 2017
Dr GOUW Tjie-Liong
President
Indonesian Chapter of the International Geosynthetics Society
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Preface from the Chairman of the Organising Committee
Geosynthetics have been used in Indonesia for at least 3 decades with the earliest recorded project
dated around 1982/1983. The project used geotextile mainly for separation and reinforcement. Since
then, many other geosynthetic materials and technologies have been introduced such as PVD,
geomembrane, etc. These materials were introduced as a replacement for conventional methods of
construction and the construction community has slowly gained more knowledge and understanding
of geosynthetics and their applications. Indonesia has had many infrastructure programmes and many
of them are well on their way to completion with many more to go. Without a doubt, geosynthetics
will play a big role in helping these projects come to realization.
INA-IGS is once again holding GEOSintetik Indonesia 2017 as a follow up to the excellent event last
year where many have benefitted from the knowledge shared by our esteemed friends from all over
the globe. This year, we present the theme of “Quality in Construction using Geosynthetics”.
Continuing from last year, we are aiming for this event to create a forum for information exchange
between end users of the technology and providers. Geosynthetics application will introduce costreducing and time-saving solutions which should be interesting to project stakeholders.
Unfortunately, the knowledge and know-how on the applications and their designs is still quite limited
in Indonesia. This gap is what we are trying to close by introducing new technologies and methods
in this event.
This event would not be possible without all the help and effort from all the speakers and authors who
are sharing their experience and knowledge, sponsors, organizing committee from UKRIDA and
volunteers from corporate members alike. We would like to express our appreciation to all who have
helped make this possible. Last but not least, the participants whom we hope will have gained useful
knowledge from this event and can help expand our community in Indonesia.
Organising Committee
GEOSintetik Indonesia 2017
Indonesian Chapter of the International Geosynthetics Society
David Saputra (Chairman)
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Preface from the Editor
The theme of this conference “Quality in Construction using Geosynthetics” presented a challenge
for potential paper authors, but is a natural progression from GEOSintetik 2016 which covered the
theme “Geosynthetics for Infrastructure Projects”. It goes from the more general topic of 2016 to one
of specific importance: quality. It is very clear that for geosynthetics to be used and accepted,
adequate quality and durability of the completed structures and installations is vital. The sub-topics
given to authors were:
 testing and quality control of materials,
 specification of geosynthetic materials,
 control of construction procedures, and
 performance related issues of completed structures.
A conference of this type requires the input of a great many people. The INA-IGS President and
Conference Chairman have both offered their thanks to the large group of people who have helped
make this event possible. I would like to add my own special thanks to the authors of the papers, who
have spent time preparing their text, figures and diagrams. This is a truly international event, with
authors from USA, Australia, United Kingdom, Italy, Malaysia & Thailand. The content of the papers
presents a wealth of information about the testing of geosynthetics, and their application in a wide
range of project types and applications. Of great significance is that the issue of durability is discussed
in a number of the papers, being, in my opinion, one of the major messages to get across to the civil
engineering industry. It is so easy to assume that a geosynthetic material is durable, but this could
lead to disaster if the assumption is incorrect. It is vital that durability is investigated by suitable lifetime exposure tests and trials.
Sessions 1 & 2 present information on quality related topics on the application of geosynthetics in
reinforced soil structures and geotubes. Sessions 3 & 4 cover issues related to environmental
applications, barriers and drainage.
Finally I would like to thank our internal and external reviewers, who gave up their time to read and
comment on the submitted papers. Their input has helped bring the content of the papers to the high
standards you will find when you read them.
Michael Dobie
Vice President and Editor of GEOSintetik Indonesia 2017
Indonesian Chapter of the International Geosynthetics Society
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The important role of execution and CQA/CQC plans in building with
geosynthetics
Matteo Lelli1, Gouw Tjie-Liong2 & Riccardo Laneri3
1

PT Maccaferri Indonesia, matteo.lelli@maccaferri.co.id

2

Senior Geotechnical Consultant, gtloffice@gmail.com

3

PT Maccaferri Indonesia, riccardo.laneri@maccaferri.co.id

Abstract: The use of geosynthetics for the construction of mechanically stabilized earth retaining structures is constantly
growing in Indonesia. These structures have shown economic advantages if compared to traditional mass gravity retaining
structures. However, the importance of their execution is sometimes underrated. Construction Quality Control and Quality
Assurance plans are often meagre and sometimes even missing. Mechanically stabilized earth structures rely on the
collaboration between the compacted soil and the geosynthetic reinforcement. If one of these two components is not
properly installed or other factors such as drainage system do not comply with the project specifications, unsuitable
structure deformations or even failures may occur. This paper aims to share some good construction practices in order to
build reinforced earth structures using geosynthetics. Furthermore, the Authors propose some simple but effective testing
procedures which can be included in CQC and CQA plans. The scope of this paper is therefore to give guidance to project
Owners, Designers and Construction Companies to deliver cost effective, safe and durable geotechnical structures built
with geosynthetics.

1.0

Introduction

Mechanically Stabilized Earth (MSE) walls or Reinforced Soil Slopes (RSS) are both forms of reinforced soil structures.
Reinforced soil structures consist of multiple layers of planar reinforcing elements placed in the soil acting to improve its
behaviour (Figure 1). RSS are basically reinforced sloped structures with an inclination on the horizontal lower than 70
degrees. By placing tensile reinforcing elements (inclusions) in the filling soil, its strength can be increased significantly
such that the near-vertical face of the soil/reinforcement system is temporary self-supporting.

Figure 1: Typical section of a reinforced soil slope combining polymeric reinforcements (geogrids) and metallic
reinforcements (anchored gabions and steel wrap around units)
For many years, retaining structures were almost exclusively reinforced concrete structures or masonry structures that
cannot accommodate significant differential settlement and often experienced issues related to their drainage capability.
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Recently, MSE walls or RSS are becoming essential elements of many infrastructures design and construction (airports,
railway, highway etc.) all over Indonesia and are also effectively chosen as landslide remediation measure. The main
factors driving the choice of those innovative structures are their cost-effectiveness, reliability and most importantly their
capacity to tolerate large post-construction differential settlements. In many projects they also have showed higher
installation rates if compared to RC and masonry walls.
Unfortunately, civil engineers are not very familiar with these structures in Indonesia, therefore the design is often
delegated to the system supplier (or geosynthetic supplier). Consequently, it is common thought that the responsibility
for the design and sometime the execution of reinforced soil structures has to be distributed among multiple entities,
including the system supplier. Unless differently specified in the contract, the system supplier (geogrids, geotextiles,
anchored gabions etc.) is responsible for the supply of the goods in accordance with the specifications required by the
contractor or by the owner. In some cases, the supplier is asked to provide guidance and to share his expertise during the
installation stages, but unless diversely specified in the supply contract, this cannot absolve the contractor from executing
the work as per project specifications.
Once the design is completed, the reinforced soil structure is constructed. During construction, Quality Control (QC) is
normally to be performed by the general contractor and Quality Assurance (QA) by an engineer/consultant retained by
the owner. The QC and QA entities are tasked with confirming that the materials types and placement meet the project
requirements and design specifications; and verifying the soil strength parameters for the foundation and reinforced zone
used by the design engineer. Unfortunately, the importance of QA and QC is not seriously taken into account and too
many grey areas are left to interpretation during construction. Instead, it is authors’ opinion that proper QA/QC plans are
vital for the successful implementation of soil structures reinforced using geosynthetics.

2.0

Construction stages

Construction with soil is one of the most complicated procedures in engineering. In no other field of engineering are there
so many variables as to the material used for construction. It is also widely recognized that certain soils are much more
suitable for some construction activities than others. A general understanding of soil and its different properties is essential
for building a quality reinforced embankment. The engineering properties of a soil can vary greatly from gravel to clays.
In order to build a quality embankment, the specific properties of the soil being used must be understood in order to make
proper field judgments. The contractor is responsible for a correct execution of the works in compliance with the
construction design documents, the technical specifications and the contract documents.
The following procedures are general recommendations for the proper execution of a reinforced soil structure based on
common good construction practices combined with authors’ experience. In any case, the following construction
procedures do not claim to be complete or to cover all the cases and design scenarios.
2.1

Preliminary operations

Before starting the construction the contractor shall ensure that the latest version of the construction drawings are available
and duly approved. The contractor shall also carry out topography survey checks in order to ensure that the structure is
positioned according to project requirements. The contractor and the owner must check that the site personnel appointed
for executing the works are in possession of a copy of the installation manual of the geosynthetic material prepared by
the reinforced soil system supplier.
2.2

Geosynthetic material stocking/handling

Geogrids, geocomposites, geotextiles, geomembranes and other geosynthetic construction materials are usually delivered
to site in rolls. When the geosynthetic material is delivered on site, the staff of the contractor is responsible for checking
that the materials supplied quantities and type are matching the purchase order before acceptance.
The delivered material is normally labelled so that the characteristics (e.g. geogrids tensile strength) can be easily read
and the products can be properly identified and used by the staff responsible for the installation.
A storage yard shall be prepared and located in a suitable-sized area depending on the quantity required in the project.
The layout of the storage yard should be planned with consideration to the movement of trucks and other heavy equipment
that would be involved in the handling i.e. loading and unloading. For areas experiencing heavy rainfall it is recommended
to provide a draining sloped laying surface in order to minimize water impoundment. The geosynthetic material shall be
properly covered and not exposed to direct sunlight in order to ovoid degradation due to UV radiations.
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For unloading and mobilization of geosynthetic rolls, forklifts provided with the boom are preferred (Figure 2). Rolls
shall not be dragged on the ground

Figure 2: Mobilization of a geosynthetic roll using forklifts
2.3

Foundation preparation

The existing formation shall be excavated, levelled and graded in order to reach the required level as shown in the
construction drawings. Before the embankment placement, it is recommended to keep the foundation as dry as possible
and temporary cover with waterproofing sheaths is suggested in case of rainfall events. The foundation shall also be free
from surface irregularities, holes, loose material and vegetation or organic material, in accordance with the project
specifications. The foundation layer should be compacted to the engineering specification to ensure uniform bearing
capacity and minimize differential settlements.
In presence of backwater, all operations required to run off the water shall be carried out. In case the laying surface is
locally depressed and it is in favorable conditions to water ponding, lateral draining channels with adequate slope should
be realized. Provisional excavations for the realization of the foundation plan have to be made in agreement with the
project specifications. The assessment of the foundation soil and its bearing capacity shall be within the construction
manager’s responsibility.
2.4

Structure setting out

The outer alignment of the fascia shall be marked by the survey team as per the requirements in the section and plan
drawings. The rear end of the reinforced zone shall also be marked as per the design length requirement at every section
or chainage. Points such as the start of the wall, end of wall and any internal/external angle changes or steps in shall be
marked on site.
2.5

Drainage arrangement

A good drainage system is essential to the proper performance of a reinforced soil structure. There are two types of
drainage systems, internal and external (Figure 3). Internal drainage considerations are related to control of surface or
subgrade water that may infiltrate the reinforced soil mass. External drainages deal with surface water that may flow
externally over and/or around the facing creating external erosion issues. The external drainage depends on the location
of the structure with respect to local hydrogeological factors and generally deals with diverting water flow away from the
reinforced soil structure. Regardless of the source of the water, the cardinal rule in the design of reinforced soil structures
is to remove water before it enters the zone of influence in order to prevent the following:
 Build-up of hydrostatic forces that increase lateral thrust
 Reduce shear strength of filling soil (in case cohesive soil is used as backfilling)
 External soil erosion from the toe, around the edges or at the top of the structure
In most of the practical cases, at the rear end of the structural fill, a drainage system has to be provided for intercepting
the flowing water coming from either rainfalls, water table or springs. The draining material is usually in the form of
coarse aggregates having gradation as per the project specification. A typical drainage layer thickness is 15 cm to 30 cm.
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Figure 3: MSE wall provided with a concrete toe ditch and a drainage geocomposite as internal drainage
At both the interfaces of the draining granular material, non-woven geotextiles shall be placed to prevent the backfill from
getting mixed with the coarse aggregates. Alternatively to this traditional drainage system, a drainage geocomposite can
be used (Figure 4). Drainage geocomposites have several advantages if compared to traditional drainage system such as
their faster and easier installation. Moreover, in many circumstances they have shown to be more cost effective if
compared to traditional geotextile and gravel drainage systems.

Figure 4: Installation of drainage geocomposite as rear end drainage system and as bottom drainage
From the rear end drainage system, perforated HDPE or PVC pipes of a suitable diameter (normally 150 mm to 300 mm)
are wrapped with non-woven geotextile and placed with a suitable inclination running along the structure rear end. The
perforated pipes are connected by T junctions to transversal pipes, provided with 2 to 5 % slope, placed across the structure
for quick removal of water collected out of the structure body. The pipes spacing along the structure length shall be
indicated in the design. A typical pipes spacing ranges from 10 m up to 20 m.
A toe drain shall be provided along the structure length in order to collect the water discharged by the internal and external
draining system (Figure 5). It is not recommended to allow free water flow at the toe of the structure, since this may
undermine the foundation by the time.
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Figure 5: MSE wall provided with toe ditch
2.6

Backfill soil compaction

The structural fill shall be carefully placed and compacted in the reinforcement area, behind the facing extending up to
the end of design reinforcement length. The filling material shall be spread out with a grader or suitable equipment and
placed systematically in layers with a constant thickness (20 cm – 30 cm) using procedures which will prevent segregation
and sudden changes in grain size and water content.
The homogeneity of the fill and the required level of compaction shall be as per the project specification.
Unless otherwise specified, the compaction shall be normally performed to reach 95% of Standard Proctor density or as
indicated in the construction drawings. Compaction should take place after checking that the water content of the soil is
in proximity of the optimum value. If the water content is too high, soil must be dried by aeration. If it is lower, it must
be increased in a manner which guarantees a uniform distribution of the water within the entire thickness of the layer.
Compaction using heavy rolling shall proceed parallel to the slope face, ensuring that heavy compacting machine will
remain at least 1 m away from any facing element in order to avoid damages or excess of deformation. Lighter equipment
such as stampers or a baby rollers can be normally used in the vicinity of the facing, unless otherwise prescribed by the
facing system supplier.
It is recommended that, at the end of each working day, the surface of the compacted fill is left at a slight inclination away
from the facing or the sloped face and sealed with a smooth compactor to ensure that any surface water is guided away to
a suitable outlet.
2.7

Reinforcement installation (non metallic type)

The reinforcement roll should be unwound and the reinforcements shall be cut in segments having length according to
the project requirements. In case the reinforcement (geogrid, geotextile, rib etc.) is unidirectional, special attention will
be given to the laying direction. In fact, the direction having greater resistance has to be always placed perpendicularly to
the structure facing.
Each segment shall be placed in its final position ensuring that no slack or undulations occur in the reinforcement as it is
laid. If these occur they should be corrected immediately before proceeding further. The run of reinforcement should be
reasonably straight and all strip elements should be flat and not twisted. No undulations in the reinforcement should be
evident. Alternatively, the reinforcement can be placed directly in the final position starting from the fascia and unrolling
it perpendicular to the structure alignment. Unrolling can be fully manual or with the aid of a wheel loader (Figure 6)
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Figure 6: Installation of welded geogrid using a wheel loader
Reinforcement side-to-side or end-to-end overlaps shall be guaranteed according to supplier indications and project
specifications. Reinforcement length and vertical spacing shall strictly follow to indications in the construction drawings.
Under no circumstances should tracked vehicles be allowed to move directly over the laid reinforcements.
The installation of horizontal layers of reinforcement shall be alternated to compacted filling material as per project
indication until the final height is reached.
When possible and when prescribed, finishing of the top of the structure (Figure 7) should be provided to prevent or
minimize infiltration of surface water into the reinforced fill. Finishing can include compacted clay layers or geosynthetic
clay liners combined with erosion control mats and hydroseeding for a rapid vegetation establishment and a low
environmental impact.

Figure 7: MSE wall provided with a top finishing using waterproofing geosynthetic clay liner and erosion control mat

3.0

Quality assurance and quality control

The construction contractor is responsible for the quality of construction of the reinforced soil structure and for its
compliance with construction drawings and materials specifications. The Construction Quality Control (CQC) is the
process through which the contractor performs the required testing, sampling, training, inspection and adjustments to
ensure the quality of his work. The CQC plan is therefore all the measures taken by the contractor to ensure that the
project is delivered in accordance with the project specifications.
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The project engineer is responsible for the oversight of the construction and for the project conformity to the construction
drawings and specifications. The Construction Quality Assurance (CQA) includes all the planned activities implemented
in order to prevent structure defects and/or discrepancies from the construction drawings and specifications. It is therefore
a process to accept the structure with verification in compliance with project specifications.
The Manufacturer Quality Control (MQC) is all the processes implemented by the geosynthetics manufacturer act to
ensure that customers receive products free from defects and meeting the project specifications such as tensile strength,
dimensions, coating endurance properties etc.
The flow chart in Figure 8 describes the interactions of QA and QC as they apply to a particular project so as to produce
an appropriate level of quality.

Figure 8: Organizational structure of quality control and quality assurance activities
Construction contractors shall be asked to submit a comprehensive Construction Quality Control plan prior the start of
construction works. The contractor shall indicate in the QC plan how he intends to manage the operations related to the
construction of the reinforced soil structure such as soil spreading, compaction, monitoring the compaction thickness,
testing moisture content, soil strength, density etc. The contractor shall also indicate at least one Quality Control
technician who will be trained to perform the required testing during the construction operations.
The reinforcing material supplier (e.g. geogrids, geotextiles, anchored gabions etc.) is normally responsible for the quality
of the material supplied and for its compliance with the project materials specifications. The material supplier may support
the contractor in providing on-site assistance and guidance, but this should not relieve the contractor of the responsibility
to comply with all the project specification. Unless otherwise agreed in the project contract, the supplier personnel
(representative on site) shall be considered as a mere support to the contractor.
The material supplier shall provide the contractor and the owner with a detailed installation manual of the products and/or
the system supplied.
3.1

Compaction quality control

Backfilling soil compaction plays a critical role for the performance of a reinforced soil structure. In fact, it is clear that
the system relies on the collaboration between the reinforcing elements and the compacted soil. The first shall have certain
minimum tensile and elongation properties defined by the engineer in order to guarantee the structure internal stability;
the latter shall achieve certain minimum mechanical properties after compaction defined by the engineer as well. Both of
these two key elements must comply with the project specifications.

Page 7

An inadequate compaction may lead to unacceptable settlements and/or structure horizontal movements and
displacements. In the worst cases, a non-properly performed compaction, may also lead to structure collapse or reaching
its ultimate limit state. Therefore, the objective of compaction in reinforced soil structures is to achieve levels of shear
strength and stiffness in the soil at least equal to ones considered in the design and to minimize its compressibility in order
to limit the post construction deformations.
It is evident that the control of the compaction process is essential for a satisfactory delivered structure performance.
The design engineer is responsible for indicating the compaction specifications for the project. Good specifications will
assure the engineer and the owner that a satisfactory backfilling will be installed. The construction contractor is
responsible to backfill and compact the soil in a way to meet or exceed the design specifications.
A common way to arrange good specifications is to set strict but reasonable requirements for the acceptance of the
backfilling soil such as soil gradation, plasticity index and shear strength after compaction in laboratory along with some
minimum index properties to be reached after in-situ soil compaction. This is usually enough to ensure that only suitable
backfilling soil will be installed by the contractor and that the quality of the compaction operations is satisfactory to reach
soil shear strength higher than the ones considered in the design.
In truth, there is no easy direct way to make in-situ assessment of the engineering properties used in the design such as
effective friction angle and/or cohesion after soil compaction. As instance, while density is proportional to soil strength
and stiffness, density measurement cannot give any indication of the soil engineering properties.
Thus, it is common practice to perform index tests in order to evaluate different parameters which can indirectly ensure
that the minimum engineering properties are met on site. The usual index properties measured to check the quality of the
compaction works are:
 In place soil strength/compressibility after compaction
 In place soil density after compaction
Compacted soil in-situ strength can be estimated measuring its California Bearing Ratio value. CBR values can be
measured directly using CBR test method (ASTM D 4429 - 09) or by direct correlation using Dynamic Cone Penetrometer
test (ASTM D 6951 – 03). Figure 9 shows respectively CBR plate and Dynamic Cone Penetrometer tests during execution.
CBR test is very well known and probably the most widely used in the world to check embankment compaction quality.
It is usually recommended for coarse grained and cohesionless soils. Instead, Dynamic Cone Penetrometer test is
recommended to be used on fine grained and cohesive soils. DCP test can lead to an underestimation of the DCP index if
used on backfilling soil containing large aggregates.
The Dynamic Cone Penetrometer test output, which is DCP index (number of blows per mm of penetration) can be easily
correlated to find CBR following the procedure detailed in ASTM D 6951 – 03.
Both tests are quick and have limited cost. In Indonesia, a full CBR plate equipment can be purchased for 25 to 40 million
Rupiah and a Dynamic Cone Penetrometer manual device ranges from 4 to 7 million Rupiah (market research done in
2017 by the authors).
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Figure 9: (a) CBR plate test; (b) DCP test
In-situ soil dry density can be determined by sand-cone method (ASTM D 1556), rubber balloon method (ASTM D 2167)
or by nuclear methods (ASTM D 2922). The most widely available and known in Indonesia is the sand-cone method
(Figure 10). After the execution of any of the replacement methods chosen, it is advisable to deliver the soil samples to a
laboratory near the jobsite in order to get density test results in a short period of time. In fact, compaction of subsequent
lifts should not be allowed until the density result of the previously compacted layer are communicated and are matching
the project requirements. The soil density shall be a certain percentage (typically not lower than 95%) of the maximum
dry density obtained by Standard Effort compaction test (ASTM D 698 - 12e2).

Figure 10: Execution of sand cone replacement test
In addition, some recommended and internationally accepted test methods for moisture content determination are:
 Oven drying (AASHTO ND T-265)
 Microwave (ASTM D 4643)
 Nuclear gauge – in situ (ASTM D 2922)
The frequency of tests is established by the engineer and depends on project size and variables. An indicative and
reasonable recommendation is to prescribe checks of compacted lift thickness, density, moisture content and CBR every
1000-2000 m3 of compacted soil.
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3.2

Backfilling soil quality control

Filling materials widely available for embankment construction in Indonesia are generally fine grained soils such us
laterite soils with high clay content. It commonly happens that the construction contractor proposes the use of marginal
and economic clayey soil as backfilling material sourced from existing soil excavation or landslides. It also may happen
that, in order to accommodate a not well-planned budget, the design engineer or the owner, allow the construction of
reinforced soil structures using cohesive and high plasticity soils.
In general, clayey soils rate from poor to fair in suitability as structural soils because of their low internal friction angle
and also because their behaviour is subjected to drastic changes with water content.
Nevertheless, because of their abundance, economics dictate that these soils can still be used on the projects even though
they exhibit lower mechanical properties if compared to coarse grained ones. Because these are marginal soils, it is critical
that the embankment is placed with proper lift thickness, compaction effort and moisture content.
An ideal selected structural fill shall be made of a good quality, free draining, and granular soil. The recommended soils
are belonging to categories A-1-a, A-1-b, A-3, A-2-4 or A-2-5 as per ASTM D 3282. All the mentioned categories have
less than 35% of material passing the 0,075 mm sieve. Furthermore, the filling material should be free from any organic,
plastic, metal, rubber or any other synthetic material, inorganic contaminants, dangerous or toxic material or material
susceptible to combustion.
In any case, the soil used as structural fill shall comply with the project specifications provided by the design engineer.
In most of the cases, the contractor is responsible to supply backfilling soil meeting the gradation, plasticity index and
shear strength requirements specified by the engineer. Normally, the use of soils different from project specifications will
be possible only if approved by the engineer.
Reinforced backfill is normally specified in the project to meet certain gradation, plasticity and strength requirements. As
part of the QC plan, the contractor should provide evidence of the tests done on the selected backfilling material before
the installation. It is recommended to include in the construction contract the laboratory tests to be performed by the
contractor before backfilling soil acceptance, such as:
 Gradation
 Plasticity Index
 Soil compaction curve (maximum dry density and related optimum moisture content)
 Soil cohesion and friction angle after compaction in laboratory

4.0

Conclusions

A brief introduction to reinforced soil structures built using geosynthetics has been given. As a matter of fact, the use of
these techniques is constantly growing and taking place in the Indonesian market especially for new infrastructures
development as well as landslide remediation measure. Reinforced soil structures are prevailing as alternative on
traditional mass gravity retaining structures such as reinforced concrete and stone masonry walls. In many circumstances,
they are preferred because they can accommodate larger amount of differential post construction settlements and also for
their low environmental impact and high installation rates achievable.
Despite this growth, there is a number of retaining structures built using geosynthetics showing excess of deformations
or even collapsed in Indonesia. The cause can be attributed to the lack of experience of contractors and supervisors
regarding the construction with geosynthetics combined with the negligence in preparing Construction Quality Control
and Construction Quality Assurance plans.
The paper has presented some simple but effective step-by-step construction procedures starting from geosynthetics
handling at jobsite, through backfilling operations, until structure finishing. Moreover, the importance of a well-planned
and properly executed drainage system has been highlighted. The construction steps provided do not claim to be complete
or to cover all the cases and scenarios, but shall be interpreted as good construction practices and guidance for project
owners, contractors and design engineers.
Unfortunately, in many reinforced soil structure projects in Indonesia, CQA plans are completely missing and contractors
are not even required to submit their CQC before the commencement of the works. This bad practice should be
discouraged by the technical community operating in Indonesia and market education regarding the benefits of having
comprehensive CQA/CQC should be targeted.
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The reinforcing material supplier (e.g. geogrids, geotextiles, anchored gabions etc.) is normally responsible for the quality
of the material supplied and for its compliance with the project materials specifications and he should be able to provide
evidence of the declared performances of the materials supplied. The supplier may also support the contractor in providing
on-site assistance and guidance, but this should not relieve the contractor of the responsibility to comply with all the
project specification.
Reinforced fill material quality and compaction play key roles in the short and long term performance of a reinforced soil
structure. Measurement of index properties to check the quality of the compaction such as soil density and layer CBR
should be always prescribed by the design engineer. Quick procedures and economic equipment such as sand cone test,
CBR plate and/or DCP device can be used for this purpose and are widely available in Indonesia.
It is authors’ opinion that in order to increase the quality of the structures build using geosynthetics in Indonesia, project
owners shall carefully select suitable construction contractors and supervisors. In fact, contractors shall be chosen not
only on the base of the best price offered and the past experience but also on the quality and completeness of the Quality
Control plan submitted to the owner. It is also recommended to hire specialized geotechnical engineers for the design and
the supervision of reinforced soil structures.
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