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ANALYSIS 3

Structural Steel Erection Sequencing

Problem

The construction schedule of the AAHS was 24 months when the project was bid. Delays in
funding delayed the project start date. Since the new school is being built adjacent to the
existing school, no temporary classrooms were necessary, but the old school is slated for
demolition following occupancy of the new school. Substantial completion is scheduled for
August 23, 2007, with classes starting in the building, after the holiday break on January 8,
2008 in the new building.

Goal

The goal of this technical analysis is to examine the possibility of reducing or accelerating
the schedule by several months focusing primarily on the steel erection sequence paired with
the use of a precast facade system. With the existing brick facade system, brick work begins
after topping out of structural steel. By allowing facade construction to begin as structural
steel is still occurring will allow earlier turnover to occur possibly at the start of the school
year to reduce impact on students. This would allow the Ambridge Area School District to
move furnishings and equipment over the summer break period and allow students to begin
the 2007-2008 school year in the new facility rather than transitioning to the new building
half way through the year. The schedule reduction should decrease general conditions costs

without forcing increased costs in structural steel work.

Methodology
1. Examine steel erection and fagade sequencing used
on project
2. Determine alternative sequence to reduce schedule
3. Model alternative sequence using 4-D modeling
Compute any additional costs attributed to

overlapping fagade and steel erection

5. Compute reduced general conditions costs after : f"* = Ft

e

reduction in overall schedule Figure 2 - Steel erection underway
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Tools

1. Penn State Architectural Engineering Faculty
2. Autodesk Revit Structure 4

3. Navisworks (4 Dimensional Model Capability)
4

High Concrete - precast manufacturer

Outcome

The steel erection sequence used on the Ambridge Area School District by the structural
steel erector called for steel erection to begin at column line N and move west to column line
A completing the East section of the building last from column line N to S. The proposed
sequence would begin at the East side of the footprint at column line S and proceed in four

phases to column lines N, K, E and A respectively, as shown below.
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Currently, the exterior facade of CMU and brick begins after structural steel is completely
erected and detailing of structural steel and deck has begun. Using this alternative sequence
of steel erection would allow precast panels to begin erection on the South elevation of the
building after phase 3 of the structural steel erection has completed. The current sequence
begins on the South facade and progresses around the building footprintin a
counterclockwise rotation ending back on the South facade. The proposed sequence begins
on the south facade adjacent to the main building entrance on column line K. This sequence
also progresses around the footprint in the same fashion as the existing sequence but is
concurrent to steel erection underway in phase 4. This method allows for an earlier exterior
facade completion date and less congestion around the site because of the elimination of
mason’s scaffolding around the entire footprint of the building. Please refer to Appendix A

for project specific site plans.
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Schedule Impacts

After modeling and analyzing the structural steel and facade erection sequence used on the
Ambridge Area High School, it is evident that while the alternative sequence chosen has the
potential to expedite the time when the exterior fagade is complete. Currently the exterior
facade completion date is 7/12/2006 with building enclosure occurring on 10/7/2006. The
revised sequence allows for exterior facade completion to occur approximately one month
earlier on 6/13/2006 but as the EPDM roof schedule ties to the topping out of structural
steel and this duration remains unchanged regardless of the sequence chosen, building
enclosure still occurs on 10/17/2006. While other trades are able to complete work on the
exterior fagcade after the completion of precast erection, and interior trades on lower floors
may begin to put work in place which is not moisture sensitive, moisture sensitive activities
are driven by the completion of the roofing system. As a result, no reduction in the overall

project schedule occurs because the timeline for building enclosure remains unchanged.

Navisworks model of steel erection complete

Navisworks model of steel and facade work
complete
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Cost Impacts

As initially intended this analysis would provide a reduction in the overall project schedule
and thus provide savings in the way of a refund to the owner of general conditions costs per
month saved on the total duration. The impact on the structural steel erector and precast
erector are minimal, and additional costs to erect in this sequence adds no additional costs
to the project as the durations for each portion of the project remain the same, require no

additional materials, and crane usage remains unchanged.

Conclusion

As a result of looking into the re-sequencing of the facade and steel erection on the
Ambridge Area High School, it can be seen that the proposed sequence provides an exterior
facade completion date approximately one month prior to that of the existing sequence.
This duration can be attributed to the speed differential of erection of precast panels over
that of traditional masonry construction. The costs attributed to changing to the proposed
sequence and the cost savings by doing so are minimal if any because overall scope of work

and overall project schedule are unaffected.

With these factors in mind, it is recommended that the Ambridge Area High School use this
method of sequencing on the structural steel and fagcade areas of the project to provide an
exterior facade completion date earlier thus allowing other trades to begin work in a less

congested environment.

59



	1 FINAL REPORT COVER.pdf
	2 Abstract.pdf
	4_BACKGROUND INFORMATION.pdf
	5_Summary Schedule.pdf
	6_GREEN SCHOOL RESEARCH.pdf
	7_School Presentation.pdf
	8_WEBQUEST.pdf
	9_GROUP ACTIVITY.pdf
	10_PRECAST.pdf
	11_STEEL ERECTION.pdf
	APPENDIX A SITE PLANS.pdf
	Binder1.pdf
	Steel Phase 1 (1).pdf
	Plate Girder (1).pdf
	Steel Phase 2 (1).pdf
	Steel Phase 3 (1).pdf
	Elevated Slabs (1).pdf




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




