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ABSTRACT: The construction of a reinforced soil structure for a housing project in Cheras, Selangor,
Malaysia was continuously monitored during the construction period as well as in the post-construction
period. The base of the structure was partially constructed over a reclaimed sewage pond. The total height of
the structure is 37m and was constructed on a rock-fill foundation. The reinforced soil structure was
constructed as a wrap-around system for the lower four berms where geogrid was used and where the facing
was hydroseeded with suitable vegetation. The gradient of the lower 4 berms was 4v:1h with a height of 17m.
The upper berms were constructed with high strength woven geotextile with a slope gradient of 1v:1.7h. The
backfill material used in the construction of the structure is composed of weathered residual soil and
weathered rockfill of granite. Instrumentation consisting of inclinometers, pneumatic piezometers and
settlement markers were installed at various locations in the structure to monitor the performance of the
structure, both during construction and post-construction. This paper discusses the post-construction
monitoring of the structure derived primarily from the inclinometer readings and examines the long term
performance of the reinforced soil structure in relation to its design intent.

1 INTRODUCTION year 2005. Records of the instrumentation readings
were taken during the construction of the structure to
monitor the performance of the geogrid and

geotextile  reinforcement.  Upon  successful

A 37m high reinforced earth structure was
constructed in Cheras, Selangor, Malaysia to

facilitate the development of a housing project. This
structure consisted on two distinct sections, with the
lower section consisting of 17m high geogrid
reinforced earth structure constructed on a
compacted rockfill foundation. This lower section
was sloped at 4v:1h and supports an upper section
comprising of a 20m high geotextile reinforced earth
slope with a slope gradient of 1v:1.7h. The base of
the entire structure was partially founded on a
disused sewage treatment pond which was reclaimed
whereby the soft wunsuitable materials were
excavated and replaced with compacted rock fill
materials. The total length of the structure is
approximately 120m. Figure 1 shows the layout of
the structure and Figure 2 shows a typical cross
section detail of the reinforced earth structure.
Geotechnical instrumentation in the form of
inclinometers, piezometers and settlement markers
were installed during the construction of the
structure. The construction of the structure
commenced in the year 2003 was completed in the

completion of the construction, these readings were
continued up to the present moment (year 2010).
This paper describes the details of these long term
monitoring and discusses the long term performance
of the geogrid and geotextile reinforcement in a
reinforced earth structure.

2 OVERVIEW OF DESIGN CONCEPT

The subsoil condition of the foundation generally
was treated to ensure the bearing capacity is
sufficient to sustain the load from the structure. Soft
unsuitable materials up to a depth of about 3m were
removed from the base of the disused sewage
treatment pond. These were replaced with selected
compacted rockfill to form a stable rock toe.
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Figure 1: Layout of reinforced earth structure.
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Figure 2: Typical cross detail of structure.

The design criteria calls a factor of safety against
bearing failure to be not less than 2.0, based on
lower bound shear strength, and the factor of safety
against local and global failure to be not less than
1.4. Both the circular and translational modes of
failure were investigated for the internal and global
stability. The stability analysis was based on
Bishop’s Method of Slices.

Residual soils derived from the weathering of a
granitic profile were used as fill material for the
reinforced earth structure. Its composition comprise
predominantly of clayey silty sand. Reasonably
conservative shear strength values were adopted for
the design. For well compacted fill of residual soils
of granite and the retained soil layers, the effective
cohesion (c’) adopted was 5 kPa and the effective
friction angle (¢')was 32°. For the foundation layer,
the ¢’ adopted was 0 kPa and the value of¢' adopted



was 30°. The shear strength parameters of the fill
material were verify by carrying out large shear box
tests, with the shear box measuring 300mm x
300mm. This size of the shear box was used to take
account of the maximum grain size of the soil
particle of 10mm. Table 1 below provides a
summary of the design parameters adopted.

High strength knitted geogrid and high strength
woven polyester geotextile were wused as
reinforcements for the reinforced earth structure.
Kiaratex high strength woven geotextile KT400/50
was laid in the founding layer of the structure. The
ultimate tensile strength of this material was 400
kN/m, and the global reduction factor was 3. For the
remaining geogrid layers KiaraGrid high strength
knitted geogrids of various grades were used; these
included geogrids of grades KG 75/25, KG 100/25,
and KG 150/25. The long term design strength of the
geogrids were investigated by carrying out SIM
creep tests, the results of which indicated that the
long term design strength of the material well
exceeded 80% of its initial ultimate tensile strength.
Table 2 below provides a summary of the design
strength adopted for the various grades of woven
geotextile and geogrids.

Table 1: Summary of design parameters adopted.

Stratum Design Parameters
Effective Effective Bulk Unit

Cohesion Friction Weight
(kN/m?) Angle (deg) (kN/m*)

Well

compacted

fill 5 32 18

Retained

layer 5 32 18

Foundation

layer 0 30 20

Table 2: Design strength in woven geotextiles and geogrids.

Geosynthetics Ultimate Design Strength

Grade Strength (kN/m) (kN/m)
Geogrid

KG75/25 75 24

KG100/25 100 32

KG150/25 150 49
Woven

Geotextile
KT200/50 200 61
KT400/50 400 122

Figures 3 and 4 show visuals of the completed
structure. As shown in the figure the facing of the
structure was hydroseeded.
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Figure 4: A view of another section of the completed structure.

3 RESULTS OF MONITORING

The monitoring system installed included
inclinometers, surface settlement markers, and
pneumatic piezometers. The piezometeric levels
recorded indicate a stable piezometric level hovering
at about the base of the structure, and will be
discussed in this paper. The surface settlement
markers recorded the settlement of the structure with
most of the settlement recorded during the
construction  period.  The  post-construction
monitoring of the settlement markers indicated that
there is negligible settlement of the structure
indicating that the compression of the fill occurred
predominantly during the construction period. These
measurements will not be discussed in this paper.

The inclinometer readings in the post-
construction period were closely monitored up until
March 2010. Figures 5 and 6 illustrate the position
of these inclinometers on the structure. The incli-
nometer IN1 is sited at the 5™ berm of the structure,
whereas inclinometers IN2, IN3 and IN4 were sited
at the 6™ berm of the structure. Inclinometers INS5,
IN6 and IN7 were disturbed after the completion of
the construction works and hence monitoring of
these instruments were not continued in the post-
construction period.

The results of the monitoring of the inclinometers
are illustrated in Figure 7. The post-construction



monitoring extended over a 5-year period from 2005
to 2010.

4 DISCUSSIONS

The lateral displacement recorded ranged from
45mm to a maximum of 160mm. The maximum
displacement was recorded on IN4 sited at Berm No.
6. This recorded displacement occurred at a depth of
3m below the berm level, which correspond to a
layer of woven geotextile KT200/50 of a length of
100m (see Figure 2). The recorded maximum
displacement corresponded to a strain of 0.16%,
which is well below the maximum strain of 10%.
The stability of the structure is observed to be
acceptable. The rate of creep movement observed is
negligible and within the limits of instrumentation
error.

INCLINOMETER ORIENTATION

EXISTING TERRACE
HOUSE

Figure 5: Plan view indicating the positions of the

inclinometers.
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Figure 6: Cross section view showing the position of the incli-
nometers.
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Figure 7: Monitoring Results of the Inclinometers.
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Figure 8a: Displacement readings from IN 1.
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Figure 8b: Displacement readings from IN 2.
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Figure 8c: Displacement readings from IN 3.
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Figure 8d: Displacement readings from IN 4.

5 CONCLUSIONS

The construction of a 37m high reinforced soil struc-
ture over a disused sewage pond has been success-

fully executed. Instrumentation has been installed to
monitor the displacement and pore pressure devel-
opments during the construction period and the
monitoring was extended to cover an extended post-
construction period of more than 5 years. The post-
construction instrumentation has indicated that the
structure is essentially stable and showed minimal
lateral displacement with the maximum reinforce-
ment strain of 0.16%.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


