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Project CostProject Cost
–– $15,250,000$15,250,000

Project SizeProject Size
–– 111,641 SF111,641 SF
–– 6 stories6 stories

Project DurationProject Duration
–– 15 months15 months
–– 5/8/06 to 7/31/075/8/06 to 7/31/07

Project Delivery Project Delivery 
MethodMethod
–– CM at Risk with a GMPCM at Risk with a GMP

Project OverviewProject Overview
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81% Residential81% Residential
–– Top 5 floors containing 65 units Top 5 floors containing 65 units -- 1, 3 and 4 bedrooms1, 3 and 4 bedrooms
–– HandicapHandicap--accessible unit, common lounge, and laundry accessible unit, common lounge, and laundry 

facilities on each floorfacilities on each floor

15% Retail15% Retail
4% Offices4% Offices

Building FeaturesBuilding Features
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Spread footings with selective compaction grouting Spread footings with selective compaction grouting 

Strip footings for masonry foundation wallsStrip footings for masonry foundation walls

Structural steelStructural steel

Slab on gradeSlab on grade

Composite slab on deckComposite slab on deck

LoadLoad--bearing block and bearing block and precastprecast hollow core concrete plank hollow core concrete plank 

FaFaççade is brick veneer, metal sheeting, and calcium silicate ade is brick veneer, metal sheeting, and calcium silicate 
masonry unitsmasonry units

Building DesignBuilding Design
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FeaturesFeatures
–– Demolition of Demolition of 

historical historical 
buildingsbuildings

–– Limited Limited 
pedestrian pedestrian 
traffictraffic

–– Keep Keep 
footbridge footbridge 
accessibleaccessible

–– Reroute gas Reroute gas 
and electric and electric 
lineslines

Site Plan Site Plan –– Existing Existing 
ConditionsConditions

Campus
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FeaturesFeatures
–– One main One main 

gate for gate for 
deliveriesdeliveries

–– Centrally Centrally 
located crane located crane 
and and laydownlaydown
areaarea

–– Open siteOpen site

Site Layout Plan Site Layout Plan ––
SuperstructureSuperstructure

Campus
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Digital representation of the building process to Digital representation of the building process to 
facilitate exchange and interoperability of facilitate exchange and interoperability of 
information in digital formatinformation in digital format

BIM covers geometry, spatial relationships, BIM covers geometry, spatial relationships, 
geographic information, quantities, and properties geographic information, quantities, and properties 
of building componentsof building components

Application possibilities of BIM include Application possibilities of BIM include 
coordination of trades, activity sequencing, and coordination of trades, activity sequencing, and 
scope of work detailsscope of work details

Analysis 1 Analysis 1 –– BuildingBuilding
Information ModelingInformation Modeling
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GoalGoalss
–– Address benefits of BIM, focusing on ownersAddress benefits of BIM, focusing on owners
–– Look at the integration of BIM with operations and Look at the integration of BIM with operations and 

maintenance proceduresmaintenance procedures
–– Review software applicationsReview software applications

OutcomesOutcomes
–– BIM provides owner with visualization of buildingBIM provides owner with visualization of building
–– Ease of coordination during constructionEase of coordination during construction
–– Organization of maintenance operationsOrganization of maintenance operations
–– Benefits for future renovationsBenefits for future renovations

BIM Goals and BIM Goals and 
OutcomesOutcomes
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BenefitsBenefits
–– Coordination of tradesCoordination of trades
–– More detail, more More detail, more 

accurate estimatesaccurate estimates
–– Reduced paper usageReduced paper usage

DrawbacksDrawbacks
–– Integration of new Integration of new 

technologytechnology
Cost, Training, Cost, Training, 
CapabilityCapability

–– IndustryIndustry’’s willingness s willingness 
to changeto change

BIM after project BIM after project 
completioncompletion
–– Turnover asTurnover as--built built 

model, only good if model, only good if 
accurateaccurate

–– Ease of future Ease of future 
renovationrenovation

Design and updatesDesign and updates
–– Reduce storage spaceReduce storage space
–– Helpful for operations Helpful for operations 

and maintenanceand maintenance

Questionnaire ResultsQuestionnaire Results

http://www.cadtek.us/src/section2.jpg
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Penn StatePenn State
–– University ParkUniversity Park

Project CostProject Cost
–– $60,000,000$60,000,000

Building SizeBuilding Size
–– 113,000 SF113,000 SF

Design PhaseDesign Phase
–– October 2005 to April 2007October 2005 to April 2007

Construction PhaseConstruction Phase
–– January 2007 to       January 2007 to       

January 2009January 2009
Building FeaturesBuilding Features

–– library, mock courtroom, library, mock courtroom, 
classrooms, offices, classrooms, offices, 
cafeteria, and parkingcafeteria, and parking

BIM Case Study BIM Case Study –– Dickinson Dickinson 
School of Law BuildingSchool of Law Building
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Decision to use BIM late in 2006Decision to use BIM late in 2006

Hope that additional costs will be outweighed by Hope that additional costs will be outweighed by 
any any ““savings" from use of BIMsavings" from use of BIM
–– Easier coordinationEasier coordination
–– Less conflictsLess conflicts
–– Less time lost in fieldLess time lost in field

High quality asHigh quality as--builtsbuilts

Ease of maintenance operationsEase of maintenance operations

BIM Case Study BIM Case Study –– Dickinson Dickinson 
School of Law BuildingSchool of Law Building



Franklin & Marshall College RowFranklin & Marshall College Row
Lancaster, PALancaster, PA

Aimee Aimee BashoreBashore Senior Thesis 2007Senior Thesis 2007 Construction ManagementConstruction Management

Owner benefits before, during, and after constructionOwner benefits before, during, and after construction

Owner characteristicsOwner characteristics
–– Understand time = moneyUnderstand time = money
–– Enforce training for using the technologyEnforce training for using the technology
–– Set standards among design, construction, and conclusion of Set standards among design, construction, and conclusion of 

projectproject

Facility ManagementFacility Management
–– Knowledgeable employeesKnowledgeable employees
–– Update technologyUpdate technology

BIM from an Owner BIM from an Owner 
PerspectivePerspective



Franklin & Marshall College RowFranklin & Marshall College Row
Lancaster, PALancaster, PA

Aimee Aimee BashoreBashore Senior Thesis 2007Senior Thesis 2007 Construction ManagementConstruction Management

Tool to maintain asTool to maintain as--built modelbuilt model
Facility manager functionsFacility manager functions
–– Space and asset managementSpace and asset management
–– Project managementProject management
–– Emergency managementEmergency management
–– Maintenance managementMaintenance management

Facility manager featuresFacility manager features
–– Tabular or graphical outputTabular or graphical output
–– view, query, pan, zoom, print, and share view, query, pan, zoom, print, and share 

facility drawings facility drawings 
–– Planning, tracking, and managingPlanning, tracking, and managing

BIM Software Review BIM Software Review ––
Autodesk FMDesktopAutodesk FMDesktop
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1.1. Decision to invest the money into the technologyDecision to invest the money into the technology

2.2. Ability to hire knowledgeable designers and Ability to hire knowledgeable designers and 
contractorscontractors

3.3. Eliminates room for drawing storageEliminates room for drawing storage

4.4. Simplifies maintenance operationsSimplifies maintenance operations

5.5. Eases future renovationsEases future renovations

BIM Conclusions BIM Conclusions –– Relating Relating 
BIM to Franklin & MarshallBIM to Franklin & Marshall
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ProblemProblem
–– Current system is a combination of composite metal deck and Current system is a combination of composite metal deck and 

precastprecast hollow core concrete plankhollow core concrete plank

GoalGoal
–– Compare two systems based on methods, schedule, and costCompare two systems based on methods, schedule, and cost

OutcomesOutcomes
–– PrecastPrecast concrete plank has higher costconcrete plank has higher cost
–– Composite metal deck has longer scheduleComposite metal deck has longer schedule
–– PrecastPrecast concrete plank better suited to repetition and concrete plank better suited to repetition and 

residential constructionresidential construction

Analysis 2 – Composite Metal 
Deck v. Precast Plank
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Floor System ComparisonFloor System Comparison

Composite Metal DeckComposite Metal Deck
More onMore on--site laborsite labor
FormworkFormwork
ReinforcementReinforcement
More bearing walls More bearing walls 
needed for supportneeded for support
More affordable More affordable 
equipmentequipment
Horizontal load Horizontal load 
resistanceresistance

PrecastPrecast Concrete PlankConcrete Plank
Eliminates onEliminates on--site prep site prep 
workwork
High strength High strength –– less less 
support neededsupport needed
Substantial crane Substantial crane 
neededneeded
Delivery expensesDelivery expenses
Less sound transmissionLess sound transmission
Longer fire safety ratingLonger fire safety rating
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Main Functions:Main Functions:
1.1. Platform during Platform during 

constructionconstruction
2.2. Act as a formAct as a form
3.3. Provide positive Provide positive 

bending reinforcement bending reinforcement 
for a concrete slabfor a concrete slab

4.4. Provide resistance to Provide resistance to 
horizontal wind or horizontal wind or 
earthquake loads earthquake loads 

Flooring Design Flooring Design ––
Composite Metal DeckComposite Metal Deck
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Flooring Design Flooring Design ––
Composite Metal DeckComposite Metal Deck

Deck and Bearing WallDeck and Bearing Wall

Deck and Steel BeamDeck and Steel Beam
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Flooring Design Flooring Design –– PrecastPrecast
Hollow Core Concrete PlankHollow Core Concrete Plank

Speedy Speedy 
production and production and 
erectionerection
Fire protection Fire protection 
rating up to 4 hrsrating up to 4 hrs
Noise controlNoise control
Unique designs, Unique designs, 
colors, and colors, and 
texturestextures
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Exterior Wall ConnectionExterior Wall Connection Interior Wall ConnectionInterior Wall Connection

Flooring Design Flooring Design –– PrecastPrecast
Hollow Core Concrete PlankHollow Core Concrete Plank
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Composite Metal DeckComposite Metal Deck
Cost: $1,288,000Cost: $1,288,000
Schedule: 45 daysSchedule: 45 days

PrecastPrecast Concrete PlankConcrete Plank
Cost: $1,583,500Cost: $1,583,500
Schedule: 30 daysSchedule: 30 days

Cost and Schedule Cost and Schedule 
ComparisonsComparisons

Comparison parametersComparison parameters
5 upper floors of building5 upper floors of building
Total of 93,034 square feetTotal of 93,034 square feet
Same crew size for each systemSame crew size for each system
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1.1. PrecastPrecast plank approximately $300,000 more than plank approximately $300,000 more than 
composite metal deckcomposite metal deck

10% of structural cost10% of structural cost
2% entire budget cost2% entire budget cost

2.2. Composite metal deck 15 days longer than Composite metal deck 15 days longer than 
precastprecast plankplank

3.3. Varying floor layouts and usesVarying floor layouts and uses
11stst floor tenant spacefloor tenant space
22ndnd -- Roof are repeated pattern and residential spaceRoof are repeated pattern and residential space

Flooring Analysis Flooring Analysis 
ConclusionsConclusions
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ProblemProblem
–– Concrete activities scheduled during winter months, Concrete activities scheduled during winter months, 

effect on those activitieseffect on those activities
–– Schedule and cost impactsSchedule and cost impacts

GoalsGoals
–– Analyze requirements for cold weather concrete workAnalyze requirements for cold weather concrete work
–– Analyze effects on schedule and budgetAnalyze effects on schedule and budget

OutcomesOutcomes
–– Concrete activities on critical path, difficult to changeConcrete activities on critical path, difficult to change
–– Expedite work to avoid working in extreme conditionsExpedite work to avoid working in extreme conditions

Analysis 3 Analysis 3 –– Cold Cold 
Weather ConstructionWeather Construction
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Cold weather Cold weather 
construction at 40construction at 40ooFF
Average temperatures Average temperatures 
for Lancaster, PAfor Lancaster, PA
–– December   40December   40ooF/24F/24ooFF
–– January       35January       35ooF/19F/19ooFF
–– February     39February     39ooF/21F/21ooFF
–– March          49March          49ooF/29F/29ooFF

AirAir--entraining agentsentraining agents
Increase set timeIncrease set time
Reduced strength gain Reduced strength gain 
ratesrates

Cold Weather and Cold Weather and 
ConcreteConcrete
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Concrete activities on critical pathConcrete activities on critical path

Steel delayed, delaying concrete workSteel delayed, delaying concrete work

Bulk of concrete work in December, Bulk of concrete work in December, 
January, February, and MarchJanuary, February, and March

Expedite workExpedite work
–– Increase crew sizeIncrease crew size
–– Extend working hoursExtend working hours
–– Weekend workWeekend work

Schedule AnalysisSchedule Analysis
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Temporary HeatTemporary Heat
–– Cost of natural gasCost of natural gas
–– Heater rentalsHeater rentals

Temporary ProtectionTemporary Protection
–– Labor (overtime)Labor (overtime)

Extended hoursExtended hours
Weekend workWeekend work

–– MaterialMaterial
HosesHoses
BlanketsBlankets
Plastic window coversPlastic window covers

Additional cost approximately $145,000Additional cost approximately $145,000

Cost and Material AnalysisCost and Material Analysis
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Expedited workExpedited work
–– Longer working hoursLonger working hours
–– Weekend workWeekend work

Concrete protectionConcrete protection
–– Temporary heatersTemporary heaters
–– Steam hosesSteam hoses
–– Insulating blanketsInsulating blankets
–– Plastic window/opening coversPlastic window/opening covers

AdmixturesAdmixtures
Need to have a good temporary protection planNeed to have a good temporary protection plan

Cold Weather ConclusionsCold Weather Conclusions
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Analysis 1 Analysis 1 –– Building Information ModelingBuilding Information Modeling
–– Design phase: aid in visualization, reduce reworkDesign phase: aid in visualization, reduce rework
–– Construction phase: ease coordination, reduce change ordersConstruction phase: ease coordination, reduce change orders
–– Lifecycle: ease maintenance operations and future Lifecycle: ease maintenance operations and future 

renovationsrenovations

Analysis 2 Analysis 2 –– Composite Metal Deck v. Composite Metal Deck v. PrecastPrecast PlankPlank
–– PrecastPrecast plank suited for residential and repetition projectsplank suited for residential and repetition projects
–– PrecastPrecast plank would increase cost by 2%and decrease plank would increase cost by 2%and decrease 

schedule by 3 weeksschedule by 3 weeks

Analysis 3 Analysis 3 –– Cold Weather ConstructionCold Weather Construction
–– Need a good temporary protection planNeed a good temporary protection plan
–– Schedule can be reduced by expediting workSchedule can be reduced by expediting work

Summary and ConclusionsSummary and Conclusions
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Questions?Questions?
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