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General Information

Location | Mid-Atlantic Region

Cost | $26.5 Million

Stories | 3 Floors

Construction Schedule | 17 Months
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Contracts

Core & Shell Packages Tenant Interiors Packages

$17 Million
107,000 SF

Primary 
Tenant

$9.5 Million
66,000 SF



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016

Actual NTP
Issuance
9/29/14

Original NTP
Issuance
5/5/14

Start 
Substructure

11/24/14

Start 
Superstructure

2/17/15

Start Building 
Skin

4/9/15

MEP Rough-In
6/30/15

TI Start
9/14/15

Original 
Finish Date

6/2/15

Watertight
9/16/15

Commissioning
11/6/15

Final 
Completion

1/21/16

Project Schedule



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016

Actual NTP
Issuance
9/29/14

Original NTP
Issuance
5/5/14

Start 
Substructure

11/24/14

Start 
Superstructure

2/17/15

Start Building 
Skin

4/9/15

MEP Rough-In
6/30/15

TI Start
9/14/15

Original 
Finish Date

6/2/15

Watertight
9/16/15

Commissioning
11/6/15

Final 
Completion

1/21/16

Project Schedule

Litigation over the propertyPushed the start over 4 months
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Interior fit-out begins before watertight
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7 month delay to Final Completion date
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Analysis I | Prefabricated Panels
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Temporary Enclosure

Hang Interior 
Walls

8/4/15

Roof 
Complete 
8/18/15

Building Skin 
Complete
9/29/15

Percentage of Building Skin | 30% Temporary

Cost | $12,000 for Skin, $6,000 for Skylight/Roof
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Proposed System

Exterior Metal 
Framing

Insulation

Sheathing

CombinesPrefabricated Wall Panel System
Purpose | Watertight before TI

| Remaining façade elements installed onsite 
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Feasibility & Delivery

Road Constraints

Maximum Panel Size |

Width |

Length | 53’ | largest 46’-4”

15’ | largest 11’-9”

Sequencing

Watertight
9/16/15

Start 
Building Skin 

5/21/15

| 5 Panels per day 

| 120 Panels Total

| 7 days W & E sides | 3 days N & S

Hang Interior 
Walls

8/4/15

Watertight
8/4/15

Start 
Building Skin 

5/21/15

Hang Interior 
Walls

8/4/15
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Square Foot Cost Comparison

Traditional Install Preassembled Install

Metal Framing, Sheathing, & Insulation $7.18/SF $17.39/SF

Air Barrier $2.72/SF $2.72/SF

Total SF Cost $9.90/SF $20.11/SF

Cost 

Cost Variation

Total Cost $700,000 additional |

23% | Increase to the Exterior Skin Package

3.8% | Increase to the Core & Shell Package

Crane Cost $50,000 additional |
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Cost 

Manpower Shift

23% | Increase to the Exterior Skin Package

3.8% | Increase to the Core & Shell Package

| Decrease in Labor Cost



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016

Fi
n

al
 R

es
u

lt
s

| Removes risk of Temporary Enclosure

| Accelerates Schedule

| Shifts Manpower | Reduces Labor 



| Improved Quality & Reduce Waste

| Added 3.8% to Core & Shell Package

Recommended
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| Schematic Design (above), Construction Documents Façade (below)

Window Layout Changes 

West Façade East Façade
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Daylighting Study
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| Project saved 4.5% of the Skin Package

| Project saved 0.7% of the Core & Shell Package

| Redesign provided typically less light, but still sufficient for daylighting



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016

Analysis II | Precast Footings
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Project Delay

Foundation Schedule
Start 

Foundations
July 2014

Finish 
Foundations

September 2014

Start 
Foundations

November 2014

Finish 
Foundations
January 2015

Start 
Foundations

December 2014

Finish 
Foundations
March 2015

| Original GMP | 39 days

| Revised GMP | 39 days

| Actual Duration | 54 days
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Precast Footings

Proposed System

Current Foundation System
| Square Spread Footings with Foundation Wall

| Borings showed no substantial rock

| Soil Remediation to bring bearing up to 2 ksi

Miller, Long & Arnold Yard |4701 Washington Blvd, Halethorpe, MD 21227

Purpose | Accelerate Foundation Schedule
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Road Constraints

Feasibility Study

| All footings over 11’-0” had to be redesigned

| Footings over that size were heavy

| Deliveries over 80,000 lbs had to pay permit

Redesign Options

| Make footings in three sections and

| Increase soil bearing capacity

assemble onsite
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Procedure

Redesign Results

Calculate column load | 

Change bearing capacity until all footings |

under 11’-0” in length & width

Summary of Redesigned Footings

L x W Depth Bar # Spacing

A/2 8’x8’ 1.5’ #6 9.5”

A/4 8’x8’ 1.5’ #6 9.5”

A/8 8’x8’ 1.5’ #6 9.5”

A/11 6’x6’ 1’ #5 6.5”

B/1 8’x8’ 1.5’ #6 9.5”

B/4 10’x10’ 2’ #7 12”

B/5 10’x10’ 2’ #7 12”

C/1 7.5’x7.5’ 1.25’ #6 9.5”

C/2 9.5’x9.5’ 2’ #6 9.5”

C/4 9.5’x9.5’ 2’ #6 9.5”

C/5 9.5’x9.5’ 2’ #6 9.5”

C/11 7.5’x7.5’ 1.25’ #6 9.5”

Redesign footings |

| Bearing capacity increased to 5 ksi

| All remaining footing were reduced by the average 64%
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Delivery & Sequencing

Schedule Summary

Start 
Foundations

December 2014

Finish 
Foundations
March 2015

| Actual Duration | 54 days

| Alternative Duration Footings | 13 daysStart 
Foundations

November 2014

Finish Footings
December 2015

| Does not include foundation wall

| Soil Remediation Duration Approx. | 14 days
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Cost Comparison

$0

$20,000

$40,000

$60,000

$80,000

$100,000

$120,000

$140,000

$160,000

$180,000

Cast-in-Place Footing Precast Footing

Comparison Based on Footing Type

Concrete Rebar Placement Formwork Earthwork & Fill Accessories Transportation Crane

| Crane cost based on $2,600 per day & $10,000 for relocation

| Cost for soil remediation not included 

0.3% | Increase to the Core & Shell Package
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| Alternative System is less inhibited by bad weather

| Accelerates Schedule

| Shifts Manpower | Reduces Labor 

| Added 0.3% to Core & Shell Package

| Does not align with Owner’s goalsNot Recommended
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Analysis III | HD Block LINAC Vault



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Masonry Vault Assembly
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| Increased installation duration of 2 months

| Reduces wall thickness from 4’ to 2’-6” and from 7’ to 4'

| Added 2.4% to the Core & Shell Package

Not Recommended
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Analysis IV | Virtual Mockups
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Research Topic

Virtual Mockup Technologies
Purpose | Evaluate the technologies on the market & when to implement
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Opportunity Identification

Specific Areas of Interest

Owner Driven |

Constructability |

Delayed NTP |

C & S |

TI |

C & S |

TI |

C & S |

TI |

008, 009, 010

002, 003, 004, 005, 006, 007

006, 007, 008, 009, 010

003, 006

001, 002, 003, 004

001

Change Order Identification

| Skylight Detail

Exterior Wall Assembly |
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Opportunity Identification

Interview SummaryIndustry Interviews

DPR Construction | Tim Conroy

Mortenson | Lucas Manos

Barton Malow | Bill Gamble

James G. Davis Construction | Julien Bartolo & Christopher Scanlon

| Uses | Details, coordination, construction means & methods

| Sketchup is the preferred modeling software

| Non-immersive reviews can be as beneficial if not more beneficial

design reviews, work sequence, alternative systems 
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Opportunity Identification

Skylight Detail Virtual MockupImplementation Guide

| Sketchup used for minimal cost and schedule commitment

| Skylight detail recognized as a area of concern

| 3 hours to create
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| Most projects can benefit from some form of virtual mockups

| Expected to become more affordable with increased usage 

Recommended

| Team & end user is buyin is critical to successful virtual mockups

| Success is also measured by the conversations created  
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Questions?



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Si
te

 L
o

gi
st

ic
s



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Delivery Schedule

Footings

Load Weight
Delivery 

Date

Truck 1 A/1, B/1, C/1, D/1, D/2, C/2
85000 lbs

11/25/14

Truck 2 B/2, A/2, A/3, B/3, C/3
73000 lbs

11/26/14

Truck 3 D/3, F/3.1, E/3.1, F/4.1, E/4.1, D/4, C/4
74000 lbs

11/29/14

Truck 4 B/4, A/4, A/5, B/5
86000 lbs

12/1/14

Truck 5 C/5, D/5, E/5.1, F/5.1, A/6
63000 lbs

12/1/14

Truck 6 B/6, C/6, C.4/6, D/6, E/6.1, F/6.1, F/6.6, E.7/6.6, E/6.6, F/7.2, E/7.2
81000 lbs

12/2/14

Truck 7 C.9/7, C/7, B/7, A/7, A/8
78000 lbs

12/4/14

Truck 8 B/8, C/8, D/8, D/9
79000 lbs

12/5/14

Truck 9 C/9, B/9, A/9, A/10, B/10
73000 lbs

12/5/14

Truck 10 C/10, D/10, D/11, C/11, B/11, A/11
77000 lbs

12/6/14Fo
o

ti
n

g 
Sc
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ed
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le



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Pa
n

el
 L

ay
o

u
t



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

D
et

ai
le

d
 F

o
o

ti
n

gs



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

D
et

ai
le

d
 C

o
st



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

D
et

ai
le

d
 C

o
st



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

D
et

ai
le

d
 F

o
o

ti
n

gs



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Lo
ad

in
g 

C
al

cs



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Lo
ad

in
g 

C
al

cs



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Lo
ad

in
g 

C
al

cs



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Lo
ad

in
g 

C
al

cs



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Fo
o

ti
n

g 
Sc

h
ed

u
le



Community Healthcare

Project Background

Analysis I: Preassembled Panels

Lighting Breadth

Analysis II: Precast Footings

Structural Breadth

Analysis III: Masonry LINAC Vault

Analysis IV: Virtual Mockups

Conclusions & Recommendations

Closing Remarks

Kenna Markel

AE Senior Thesis | Spring 2016
Appendix

Summary of Cost Comparison for Analysis I

Cast-in-Place Footing Precast Footing

Concrete $60,000 $29,000

Rebar $23,000 $23,000

Placement $8,500 $5,500

Formwork $0 $45,000

Earthwork & Fill $7,000 $6,300

Miscellaneous Costs $11,000 $11,000

Transportation $0 $1,200

Crane $0 $41,000

Total System Cost $110,200 $161,800C
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