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Project Background

Aloft Hotel
o7 Stories— 142 Guestrooms — 76,883 SF

Element Hotel (Extended Stay)
7 Stories - 149 Guestrooms — 97,923 SF

Parking Structure
2 Stories — 118 Spaces — 34,700 SF
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Project Team & Organization
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Structure - Hotels

Cast In Place Spread Footings

*Load Bearing Steel Studs

*8” Hollow Core Planks
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Structure — Parking Structure

*Cast-in-Place Concrete
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Location

CONSTRUCTION MANAGEMENT

element

B WESTIN

Overview | BIM Analysis | PTAC Analysis | Parking Structure Analysis | Summary | Acknowledgements | Questions

5/7/2008



PHILIP CORRIE

AE SENIOR THESIS

CONSTRUCTION MANAGEMENT

element

B WESTIN

Overview | BIM Analysis | PTAC Analysis | Parking Structure Analysis | Summary | Acknowledgements | Questions

5/7/2008



PHILIP CORRIE

Project Costs

AE SENIOR THESIS
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$2,960,000

Total: $36 Million
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Challenges Faced

*Over Budget

*Poor Quality Construction Documents
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Analysis #1 — BIM Analysis

Development of

Methodology to Evaluate
the Effectiveness of BIM
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Current Method used by One Contractor

*Categorize Clashes into Types

*Assign material cost/hour and labor cost/hour to Types
*Multiply by estimated time to “solve” clash

«Total costs of clashes

*Total costs reduced by 50% to account for overestimating to achieve final
cost of clashes

*Reduce final cost by 75% to account for clashes that may have been
detected through other coordination processes

*Achieve “Estil d Cost of idt ”
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“Comparison of Construction Metrics"

BIM Project vs. Non-BIM project

“BIM” — Virtual coordination and clash
detection

Same:
eContractor/Construction Manager

*Project Manager
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“Comparison of Construction Metrics"

* Number of RFI’s per a square footage
*Ex. 1.79 RFI’s / 1,000 SF

* Number of RFI’s per a dollar amount
*Ex. 2.95 RFI’s / $1 million

* Number of change orders per a square footage
*Do NOT include owner changes
*Do NOT include CO’s that encompass entire contract amount
*Ex. 0.95 CO’s / 1,000 SF

CONSTRUCTION MANAGEMENT

element

B WESTIN

Overview | BIM Analysis | PTAC Analysis | Parking Structure Analysis | Summary | Acknowledgements | Questions

5/7/2008

14



PHILIP CORRIE

AE SENIOR THESIS

“Comparison of Construction Metrics"

* Number of change orders per a dollar amount
*Do NOT include owner changes
*Do NOT include CO’s that encompass entire contract amount
*Ex. 1.24 CO’s / $1 million

« Ratio of total construction contingency used relative to the total cost of change
orders

*Do NOT include contingency spent at owners request

*Ex. $346 : $1 (Lower ratio the better)

* Ratio of the amount of contingency used relative to the total project cost compared
to the total amount of contingency on the project relative to the total project cost
*Do NOT include contingency spent at owners request
*Ex. 0.8% / 5%
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Case Study
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Findings

* Many variables
«Different owners have different mentalities
«Different designers produce varying quality levels in drawings
« Better comparison would be between two a BIM and non-BIM project with same:
Construction manager / general contractor
*Project Manager
*Owner
*Design Firm
*BIM software is not 100% perfect
*Warn owners
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Findings

*RFI’'s comparisons
Frequency can increase, decrease, or remain same
*Depends on RFI process
*RFI's should be weight more towards preconstruction and coordination

Non-BIM Project BIM Project
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Analysis #2 — PTAC Analysis

PTAC Units in Lieu of a
Forced Air System
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Problem

* $5.4 million

* 15% of total project cost
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Current System

* DX System
¢ 3 Root-top Air Handling Units (RTU’s) per hotel (6 total)

¢ 12 variable refrigerant volume, air cooled condensing
units per hotel (24 total)

¢ 1 FCU per guestroom (289 total)
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Potential Solution

*Package Terminal Air Conditioning Units (PTAC)
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PTAC's

Positives
¢ Cheap
* Easy and quick to install

Negatives
« Inefficient, excess energy consumption

* Noise

¢ Humidity
* Moisture
*Aesthetics
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Select PTAC Type

Carrier® 52M Performance Series

O o
* Quiet & efficient -

* 65 CFM of outdoor air
¢ Re-circulates 265 CFM of indoor air (Min) element
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Mechanical Breadth - Size PTAC’s

Ventilation Air Equation

(SF of Room % 0.06) + ( nef P"”""".-"Hm) KM gom ) = Ventilation CFM

Typical Guestroom (Conference Room)

(562 5F % 0.06) + (3 P"""“'!H!,,,,,,) x ("' "'r’",-",,e,._m") =4872¢fm  Okay
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Size PTAC’s

Required CFM of Air

280 cjrmfirrumred Air — 65 cfmomdoar Air = 215 C;rmindoor Air
e — |
From FCU’s
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Size PTAC’s

Baltimore Outdoor Design Temperatures

Summer - 91°F
Winter - 13°F

Hotel Indoor Design Temperatures
Summer - 75°F

Winter - 70°F
Design CFM
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Sizing PTAC’s

Cooling Load Determined

Heating Load Determined
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PTAC's

Selection of PTAC

Selection of Power Chord

1 = I — - - element
52ME-U09---3 with PWRCORD-265V-15A B WESTIN
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Implications

Eliminate:

*Rooftop HVAC Equipment
*Ductwork (Floors 2-Rooftop)
*FCU’s (Floors 2-7)

<Grilles (Floors 2-7)
*Thermostats (Floors 2-7)
*Refrigerant piping

*Branch Selectors
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Implications

Total HVAC Savings: $1.7 million

Scheduling

Hat Hamnt

Grig_ Daraton_[Final Duration
3] v
7 E
7

[T T
E| T

CONSTRUCTION MANAGEMENT

element
BY WESTIN

Overview | BIM Analysis | PTAC Analysis | Parking Structure Analysis | Summary | Acknowledgements | Questions

5/7/2008

31



PHILIP CORRIE

AE SENIOR THESIS

Other Considerations

*Electrical System

*Energy Consumption
*Smaller Plenum Space
*Roof-top Walkways

*Fewer Roofing Penetrations
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Analysis #3 — Parking Structure

Parking Structure Value
Engineering
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Current Issues

* $961,000 — 3% of Total Project Costs
* Construction
* December 5, 2007 - February 8, 2007
* 48 working days
« Site of construction parking upon completion
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Construction Parking

Harmons Park (500 ft away)
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Original Schedule

« 111 Days of Float Time
* Elevated Concrete Deck - 18 Days
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Formwork Sequencing

Minimize Formwork Material Costs

Elevated deck

33 days compared to 18 days

Early strip mix (3 days)
*$300 - $350 added
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Structural Breadth - Formwork Design

*Plywood Decking
*Aluminum Joists & Stringers
*Doka® Props
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Formwork Design
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Problems with Formwork Design and Sequencing

*QOriginal 48 day construction schedule is feasible, ideal
«Sufficient manpower and formwork material

*Minimizing formwork material does not necessarily
mean reduced cost
eLack of flow in work
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Cold Weather Concrete Construction

*Winter construction ( Dec. 5, 2007 — Feb. 8, 2007)
*Added costs from winter protection
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Cold Weather Concrete Construction

*Move start of parking structure to mid-March
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Cost

Winter Protection

Accelerator Admixture

Prerequisites:
*Formwork in possession Total Savings: $38,200
*Rebar previously purchased

*Concrete price “locked in”

5/7/2008
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Summary

*BIM Analysis
*Evaluate BIM with “Comparison of Construction Metrics”
*Same GC/CM, PM, owner, designer
*May yield unwanted results

*Warn against imperfect software
*RFI trends
*PTAC Analysis
*Huge Cost savings
*Schedule savings
*Weigh against negatives
*Parking Structure Analysis
*Original duriations are ideal
*Formwork desiign and sequencing will have little impact on cost
Eliminating winter concrete construction may result in savings

CONSTRUCTION MANAGEMENT

element

B WESTIN

Overview | BIM Analysis | PTAC Analysis | Parking Structure Analysis | Summary | Acknowledgements | Questions

5/7/2008

44



5/7/2008

PHILIP CORRIE AE SENIOR THESIS CONSTRUCTION MANAGEMENT

Acknowledgements

*AE Faculty
eIndustry Members
*Whiting-Turner
*Friends and Family

element

B WESTIN

Overview | BIM Analysis | PTAC Analysis | Parking Structure Analysis | Summary | Acknowledgements | Questions

45



PHILIP CORRIE

AE SENIOR THESIS

Questions?
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