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Project

Pan Pacific serviced suites at
Somerset Road, Singapore

P.H. Lim, S. H. Lee, H. L. Toh and M. S. Leong describe how new buildings were
constructed on a brownfield site with extensive rail lines beneath

The development consists of a two-storey podium, a 16 storey
tower block and a two basement car-park and is situated within
the Railway Safety Zones. Cast in situ bored piles were adopted as
the foundation system and the locations of these were carefully
planned to avoid the existing foundation piles. A cost effective
solution comprising contiguous bored piles and grout-mixed piles
was used as the earth retaining structure for the basement. A two-
way concrete beam and slab system was adopted for the podium
due to the variations in levels. A system of precast planks, hollow
core slabs, precast columns, cast in situ beams and cast in situ
walls were used for the 16-storey tower block. This system was
developed for an optimum balance of speed of construction and
cost effectiveness. For the unique U-shaped architectural facade,
diagonal struts at the third storey were used to transfer the upper
storey loads onto the lower storeys. During the construction stage,
changes by the client required the innovative use of a composite
steel/concrete secondary slab at the first storey and fibre
reinforced polymer system to strengthen the structure. This article
presents the challenges faced during the design and construction
of this project.

The proposed commercial development comprised a two-storey
podium with a 16 storey tower block housing 128 units of serviced
apartments and a two-basement car-park (Fig 1). This new

| /7
" // HE

TN ;R
S

MANDARIN

development was constructed on the existing UOL building site. At
the time when the proposed development was launched, it was
one of the newer buildings to be redeveloped along Somerset
Road which was originally lined with a series of offices and hotels.
The site plan is shown in Fig 2.

The site was located along Somerset Road and within the
Railway Safety Zone. At the rear of the development is the 10m
wide Stamford Canal and on the flanks of the building, an open
Urban Redevelopment Authority (URA) car-park and the new Land
LLease development adjacent to the current Somerset Mass Rapid
Transit (MRT) station. The building frontage is above the first
reserve line. The railway reserve lines are shown in Fig 3.

The floor dimensions are 33.6m by 25.2m and consists of two
wings connected by a central lift and stair-case core. The height of
the building is 95m. The first storey to second storey height is
8.7m, the second to third storey height is 16.6m while the rest of
the floor heights are 3.6m. The typical structural floor plan is
shown in Fig 4. A section of the building and the proximity to the
nearby MRT tunnel is shown in Fig 5.

Foundation and earth retaining system

The proposed building was within the MRT reserve lines and
founded over the existing UOL building. This posed design and
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construction challenges to the foundation system.

A cast in situ bored pile system was used as the foundation for
the proposed building. Bored piles were used to withstand the
high loads from the floors above. The piles were debonded within
the influence zone of the MRT tunnels so that the pile loads will not
be transferred to the MRT tunnels. The debonding was done using
the double casing method.

The presence of leftover bored piles and pile caps from the
existing UOL building posed obstructions to the foundation works.
It was originally planned to make use of the existing bored piles for
the new development. However, as they had been installed for a
long time, there were questions about their integrity. Each of the
existing piles would have had to be tested to ensure that they
could be used for the new development which would take up too
much time. The cost of testing was also prohibitive. Furthermore,
there remained possibilities that these existing piles could not be
used for the new development even after the extensive testing.

After a series of discussions between the Qualified Person (QP)
and the client, it was decided that the existing piles would not be

reused but new bored piles would be constructed instead. The
existing pile caps ranged from 3m to 4m thick and removal was
uneconomical and time consuming. Thus provisions were made
for in the design of the new pile groups as well as their locations so
as not to hamper the progress of the construction work. Careful
planning using as-built drawing during design stage was carried
out to minimise the amount of hacking works involved during
construction stage.

A combination of contiguous bored pile (CBP) and grout-mix pile
(GMP) system was used as the earth retaining structure for the
basement walls. The GMP was used between the bored piles in
the CBP/GMP wall to prevent the ingress of fines and loose soil
into the excavation. GMP also helped to ensure water tightness
during the basement construction works and the different extents
of the two levels of basement to the existing MRT tunnels. A larger
size of contiguous bored piles and grout-mix piles was used on the
side nearer to the MRT reserve lines to comply with the stringent
requirements. This system was a cost-effective solution that was
able to meet the multiple requirements of safety, stability,
robustness, water tightness and speed of construction. This earth
retaining structure was also being used as the permanent wall of
the basement, further improving the cost effectiveness. The earth
retaining structure is shown in Fig 6.

Structural system

A conventional two-way concrete slab system was adopted for the
first and second storey podium levels. This was the most suitable
system to cater for the numerous level differences for uses such as
swimming pools, roof gardens and spas.

For the tower block, the typical column grid was 8.4m x 8.4m
with a 4.2m bay at both ends of the tower. The architectural intent
was to cantilever the 4.2m bay to provide unobstructed views from
the rooms. This was also to cater for the unique U-shape fagade of
the building. However, after discussions with the architect, there
were concerns that the long-term creep of the cantilever beams
may cause unacceptable deflections to the glass windows.

The decision was then taken to provide small transfer columns
at the ends of the 4.2m bays. These transfer columns will be
supported by a diagonal column that served as a strut between
the second upper intermediate storey and third storey. The
diagonal column together with the horizontal beam formed a
concrete truss to transfer the vertical loads (the roof to the third
storey) from the edge columns to the internal columns. The
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8 implementation of slanted diagonal columns reduced the depth of

the beams at the third storey. The slanted columns, the horizontal
beams and its connections were also designed to withstand an
ultimate load of 34kN/m2 applied in any one direction. This was in
accordance with the key structural element design approach
specified in the codes to achieve the required robustness of the
structure. Thus, the original architectural intent was preserved and
overall structural safety of the building was enhanced. The detail of
the diagonal strut is shown in Fig 7. The completed strut is shown
in Fig 8.

Close coordination and review between the QP, builder and
specialist contractor resulted in a counter-proposal for the upper
storey structural system. The initial intent to use post-tensioned
slabs posed challenges to the operations on site due to the close
proximity of the building line with Somerset Road at the front and
Stamford Canal at the rear. Temporary platforms outside the
building envelope would have to have been erected to enable
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9 Two-tier precast columns

10 Lifting of precast planks

11 Completed fibre-wrapped column
12 Steel beams for secondary slab

workers to position themselves for the stressing operations. These
platforms would have been next to Somerset Road where
pedestrian traffic is high. There remained a risk of failure of the
temporary platforms even if they were carefully designed. A failure,
there would have had a severe impact on public safety at the
adjacent Somerset Road. Furthermore, liting the heavy stressing
machines also posed significant risk to public safety. Accidents
could also happen during the stressing operations, such as
anchorages giving way and bursting of concrete if the
honeycombing occured at the anchorage locations.

Precast prestressed planks and hollow core slabs were thus
used in place of post-tensioned slabs to eliminate the risks
involved. They also speeded up the construction.

At higher floors, one or two-tier precast columns were also used
to speed up operations and increase overall safety. Precast edge
columns were installed by workers inside the building envelope.
This was in contrast to cast-in situ edge columns where workers
would have needed to erect formwork from the outside of the
building envelope. The risk to both the workers and the public was
higher if cast-in situ edge columns were used. Furthermore, the
time taken to construct cast-in situ columns was longer than for
precast columns. The longer the construction process, the higher
the likelihood of making mistakes and endangering public safety.
Figs 9 and 10 show the pre-cast columns and precast planks.

Towards the end of the project, the use of the podium storey
was changed. This required the strengthening of the structural
members. A polymer-fibre-wrap reinforced system was considered
amongst the several options such as enlarging the column sizes
and steel plate bonded strengthening systems. It was finally
adopted after rounds of technical presentation by the fibre-wrap
specialist and discussions with the QP. Usage of fibre-wrap system
minimised the need for partial hacking and demoalition of already

cast RC components that were conventionally needed if one was
to enhance the existing structural capacity. This provided a safe
working environment and assurance to the contractor and vendors
who were in the midst of taking over the respective units within the
building, where structural enhancing works were concurrently in
progress. The technology being well tested locally and abroad thus
provided a good solution and overall safety assurance. The
completed strengthening of one column is shown in Fig 11.

The client decided to raise the first storey slab by 1m after the
first storey elements were cast. Several options were considered
such as hacking the entire first storey slab, mass concreting or
infilling with polyfoam to create the required level. The final decision
was to use steel beams and Bondek slabs to create a secondary
slab that produced the required level. This method of construction
resulted in minimum hacking works and strengthening works. Fire
proofing to the structural steel members were also not required as
the original slab provided sufficient protection to the steel
members. The innovative system adopted enabled the
construction to be completed as scheduled. Fig 12 shows that
construction of this secondary deck.

Conclusion

In densely built-up Singapore, more and more buildings will be
constructed on formerly occupied sites. The extensive
underground rail network will also grow steadily in the near future.
The innovative, original and cost-effective engineering solutions
adopted in this project could be considered for use in other
projects with similar conditions.

Additions and alterations to buildings are also increasingly
common with many owners wanting a facelift to their old buildings.
The methods employed here can also be easily adapted to suit
similar projects.

The authors work at CPG Consutlants Pte Ltd

The Structural Engineer 87 (1) 8 January 2009 5


usclkm
Typewritten Text
Originally published in The Institution of Structural Engineers' The Structural Engineer magazine. 

usclkm
Typewritten Text
The Copy of Record can be found at www.istructe.org/thestructuralengineer/

http://www.istructe.org/thestructuralengineer/


<<
  /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




