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GENERAL INFORMATION 

 Construction Cost: $250 Million 
 Building Occupant Name: Business Group 

B, Institutional Group I-2  
 Size (S.F.): 800,000  
 Stories Above Grade: 6 Stories 
 Delivery Method: Design-Bid-Build 

 

PROJECT TEAM 

 Owner: Princeton University  
 Construction Manager: Turner 

Construction 
 Architects: HOK & Hiller Architecture 
 Structural Engineer: O’Donnell & 

Naccartato 
 MEP Engineer: Birdsall Services Group 

STRUCTURAL 

 Foundation: Spread footings with load 
bearing masonry walls 

 Superstructure:  Steel Framing with 
composite metal decking 

 Lateral Structure: Moment Framing in the 
East/West Direction & Braced in the 
North/South Direction Perimeters 

M.E.P. 

 There are 17 Air Handling Units in 
UMCP 

 Steam humidifiers in patient spaces 
 CAV Units in patient’s rooms 
 VAV Units In every room 
 Steam heat supplied by Princeton’s 

Energy Plant 

ARCHITECTURE 

This six story tall building has a long and 
curving body that encases the parking lot 
to draw people into the building. The 
body is a curtain wall that will provide a 
view to the outside for all the patients, 
and it is framed with aluminum reliefs and 
metal panels. The West and East 
elevations have a CMU ground face with a 
brick façade on the top floors. 

ELECTRICAL  

 13.2 kV electrical service to the building 
 Two bus systems, one at 1600 Amp, 3 

phase, 4 wires. The other bus is at 1200 
Amp, 3 phase, 4 wires 

 UMCP runs on a 277/480Volt system 

 

University Medical Center at Princeton 
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Executive Summary 
The University Medical Center of Princeton (UMCP) is a seven story, 92’ tall building that services the 

medical needs for Princeton students and the members of the surrounding community in Plainsboro, NJ. 

The superstructure is composed of a steel framing system with composite deck, and the lateral system is 

designed with a combination of braced frames and moment frames. 

This thesis was based on the investigation of a changing UMCP to a reinforced concrete 

superstructure. The same column layout was used for the redesign. The lateral system changed 

the steel moment frames to concrete moment frames, and braced frames to concrete shear 

walls. The lateral system was designed by the loads and deflection from the third wind case 

determined from ASCE 7-10. All of the structural members were designed by iterating through a 

compiled spreadsheet of slab, beams, girders, and columns. The redesigned and the existing 

structure are adequate for serviceability issues, but it was determined that concrete structures 

are more proficient in vibration concerns. 

Since time and money are very important in this market and in general, a cost and schedule 

analysis was established for both the existing structure and the suggested structure. It was 

determined that the raw material for the reinforced concrete and placement was $94,322.28 

cheaper than the steel design. After overhead and profit the concrete structure was $786,922.71 more 

than the steel structure. Also, while comparing the two schedules of tasks showed that the concrete 

structure would take approximately 100 days longer than the steel system. 

Making the building LEED certified was another option taken into account by trying to improve the 

UMCP building. Adding a green roof was gave an extra 3000 square feet that the occupants can enjoy 

which would be accessed from the second floor. This green roof would increase the budget by 

approximately $555,000 in initial cost, but there is much payback that comes with a green roof. Also, the 

roof of the seventh story would implement a cooling roof, which decreases the heat island effect and 

cuts down on cooling costs in the summer. Other green practices were incorporated into the building, 

plus the existing HVAC system and curtain wall helped come close to possibly getting a LEED certification 

for UMCP.  

The proposed design would be feasible if you are willing to increases the construction cost plus 

increasing the length of the schedule. Also, if you implement the sustainability design you can gain an 

extra 3000 square feet of outdoor space, and save money on the lifecycle cost of the building.  
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Building Introduction 

Princeton University Medical Center was in a big 

need of change. The rapid growth of people plus the 

outdated building design and equipment were the 

main reasons to upgrade their old medical center.  

The University Medical Center at Princeton (UMCP) 

will also be joining the Pebble Project. Pebble Project 

is a research effort between The Center for Health 

Design and selected healthcare providers to measure 

the layout and design of a hospital and how it can 

increase quality care and economic performance. The 

design of this building is not just for looks, but to help 

operate a hospital in a healthy and efficient manner. 

This six story tall building has a long and curving body 

that encases the parking lot to draw people into the 

building. Lighting is not going to be an issue during the 

day as the glass curtain wall is used on the south face of 

the building. Furthermore, it will provide a view to the 

outside for all the patients and workers in the building. 

The curtain wall is framed with aluminum reliefs and 

metal panels. The West and East elevations have a CMU 

ground face with a brick façade on the top floors, and 

there are very few windows since these walls are framed 

with steel bracing. The mechanical equipment is encased 

in 13.5’ parapets. Floors two through six almost mimic 

each other in framing and room layout. The entrance of 

the building has a wide atrium open to the second floor 

with interior wood shading panels. The overall design of 

the building is simple, sleek, and efficient. 

Structural Overview 
The foundation plan for the 

University Medical Center is built 

on 4” to 5” Slab-On-Grade 

basement floor with interior 

concrete piers stabilizing wide 

flange columns, and an exterior 2’ thick 

Figure 1: UMCP Site Location Shown in Blue Satellite 
Photo Courtesy of Google Maps 

Figure 2: East & South Building Elevations Drawings 
Courtesy of Turner Construction 
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foundation wall partially incasing mini tension piles. The design of the superstructure is primarily steel 

framing. The framed floors consist of a 3 span 3 ¼” lightweight concrete composite decking system with 

composite steel framing. Roof decking is type B 1 ½” galvanized metal deck, and 6 ½” normal weight 

concrete composite metal deck for the roof Penthouse area. There is also a massive curtain wall 

spanning the South end of the curving building, but this will not be analyzed in this technical report.  

FOUNDATIONS 

According to drawing S3.01 all the subgrade footings were poured under the supervision of a registered 

Soils Engineer. The capacity of the soils, shown in the 

boring test specifications, came out to be 4,000psf 

and 8,000psf for the compacted/native soils 

(medium-dense/stiff) and decomposed bedrock 

respectively. The spread footings support wide flange 

columns, varying from W10x54 to W14x311, to 

anchor the superstructure (Refer to Figure 3 for more 

detail). The spacing for the foundation columns is not 

consistent throughout the basement, which that is 

the reason for the varying column sizes. Figure 3 

shows a typical spread footing supporting a steel 

column. Outlying the basement is a 2’ thick 

foundation wall with mini tension piles that relives up 

to 150kips of tension from the concrete bearing wall.  

Concrete Strengths: 

 3,000psi- Spread Footings, Wall Footings, Foundation Wall, & Retaining Walls 

 Minimum of 3,000psi- Piers-match wall strength 

 3,500psi- Slab-On-Grade and Slab-On-Deck 

Rebar Design: 

 ASTM A615- Deformed Bars Grade 60 

 ASTM A185- Welded Wire Fabric 

FLOOR & FRAMING SYSTEMS 
A typical beam spanning in the North/South direction, consists of a 26’ span then a 15’ span, and finally 

back to a 26’ span. The East/West girders span 29 ½’ typically and Appendix 1 helps better understand 

the layout of the building. Floors two through six do not change in design other than the column 

thickness, all of the floors use a 3 span 3 ¼” lightweight concrete composite decking. This creates a one-

way composite flooring system connected to composite beams. Even though the first floor has an 

additional atrium, the decking is still consistent to the floors above. Figure 4 shows the wide flange 

beams used in each span.  

 

Figure 3: Typical Column Footing with Pier Drawing, 
Courtesy of Turner Construction 
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The infill beams are usually at a spacing of 9.8’ and they range from W16x26 for the 26’ spans or 

W12x19 for the 15’ spans. The girders typically span 29.5’ and vary from W24x55 on the exterior girders 

to W21x44 on the interior girders.  These composite beams use ¾” bolts to help anchor the decking.  

The typical bays then come out to be either 29.5’x26’ or 29.5’x15’. There are also two transfer beams on 

the on column lines N2 and S3 to account for columns that do not line up on the first to second floor.  

Steel Design: 

 ASTM A992- Wide Flanges 

 ASTM A500- Rectangular/Square Hollow Structural Sections Grade B, Fy=46ksi 

 ASTM A500 or ASTM A53- Steel Pipe Type E or S Grade B 

 ASTM F1554- Anchor Rods Grade 55 

LATERAL SYSTEMS 

The UMCP lateral systems design was comprised of typical steel moment frames in the East/West 

direction and steel concentrically braced frames 

in the North and South direction.  Those framing 

systems only occurred on the perimeter of the 

building. Around the elevator shaft is another 

place where the design is concentrically braced.  

The lateral forces will travel into the composite 

deck, and then through the wide flange beams or 

HSS braces into the columns to the piers to then 

dissipate into the ground. 

  

Figure 5: Typical Braced Frame, Courtesy of 
Turner Construction 

Figure 4: Typical Wide Flanges & Frames Used 
W12x19-        Moment Frame  
W16x26-        Braced Frame 
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CODES/MEANS USED 

This building fit into an Occupancy Category III. Any Hospital/Medical Center needs to be designed with 

an Occupancy Category III as a safety factor. 

Original design codes used on this building were: 

 2006 International Building Code (IBC) with New Jersey Uniform Construction Code 

 2006 International Mechanical Code (IMC)  

 2005 National Electric Code (NEC) with local amendments 

 2006 International Energy Conservation Code with other local amendments 

 2006 International Fuel Gas Code with local amendments 

 New Jersey Department of Health and Senior Services - “Licensing Standards for Hospitals, 

N.J.A.C 8.43G” and the 2006 Edition - “Guidelines for Design and Construction of Hospital and 

Health Care Facilities.” 

Design codes/means used for thesis designs and calculations: 

 ASCE 7-10 Minimum Design Loads for Buildings and other Structures 

 American Institute of Steel Construction, 14th Edition AISC Steel Construction Manual 

 2008 Vulcraft Steel Roof & Floor Deck Manual 

 Building Code Requirements for Structural Concrete, ACI 318-08 

 Facility Guidelines Institute 

 Concrete Reinforcing Steel Institute 

 Green Building and LEED Core Concepts Guide, First Edition 

 LEED Green Associate 

 RSMeans 2012 
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Proposal Objectives 

DEPTH TOPIC 

The gravity system for the redesigned building will consist of a solid one way slap with beams supported 

by concrete square columns. The lateral system design will consist of changing the braced frame walls to 

shear walls, and all the steel moment frames to concrete moment frames. To analyze the lateral System 

in more detail a 3-D model will be represented in ETABs. Changing the structure to concrete will create a 

much heavier mass, which in turn will create more of an effect due to seismic force. There are many 

advantages of having a concrete structure as opposed to a steel structures.  

Changing the design to a solid one way slab should limit the deflection and vibration in UMCP due to the 

extra mass of the concrete. This will create a more comfortable atmosphere for the patients due to less 

vibration and better noise control (in both sound transmission and impact noise); performance in 

surgery rooms could also improve due to the same enhancements. A more in-depth research on 

vibration control in hospital surgery rooms will need to be conducted to make sure the needs of the 

hospital are met.  

Also, the concrete does not need to be fireproofed, and by keep the same column layout the floor to 

ceiling height could decrease. Therefore, lifecycle costs of the hospital should decrease. A cost and 

schedule comparison will be completed to determine which framing system is more cost and time 

effective. The formwork and schedule of the project would impact the cost as well. Reusing formwork 

should maintain a low project cost. 

BREADTH TOPIC 1- CONSTRUCTION IMPACT AND COST ANALYSIS 

There will be a great impact on the project cost and scheduling for the redesign of the building. Erecting 

steel and placing concrete will require different construction scheduling due to the placing of the 

formwork and waiting for the concrete to cure. Therefore, an accurate schedule of the critical path of 

the redesign will be created for the new construction process.  The cost of the redesign will include 

items such as base material cost, labor teams, additional or eliminated work days, and formwork. For 

that reason, an analysis of the new cost and schedule will be necessary to compare with the existing 

design. RS Means 2010 will be used to conclude the final project cost.  

BREADTH TOPIC 2- SUSTAINABILITY 

A green roof will be added on top of the atrium roof which will be accessible for the patients on the 

second floor. This will be an enjoyable additional architectural space, as well as a step into the future of 

sustainability. A check of the column sizes must be done to make sure the added weight of the roof will 

be supported. Water retention will be another issue that will have to be taken into design consideration.  

Further research on xeriscaping must be done to see what type of plants should be used on the roof. 

This project is not LEED certified, but with some green additions i.e. solar panels, gray water reuse, 

water efficient toilets/sinks, and day lighting the project could be certified. The cost of the project will 

increase, but if it is done right a green building, overtime, saves money and helps the environment.  
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Structural Depth 
The main scope of the structural depth is focused on the redesign of the University Medical Center at 

Princeton from a structural steel superstructure to a concrete superstructure. The same column layout 

will be used in the design to keep the architectural flow of the existing floor layout. The gravity system 

will be designed as a one-way slab with beams. As for the main lateral force resisting system there will 

be concrete moment frames in the long direction or East/West direction, and shear walls in the short 

direction or North/South direction. The concrete moment frames will replace the steel moment frames, 

and the shear walls will replace the braced frames. The design should be adequate for strength and 

serviceability requirements such as drift, deflection, and vibration concerns for the health care facility’s 

needs. 

Gravity System 

LIVE LOADS 
The live loads were taken from ASCE 7-10 to determine what loads were going to be applied to the 

structure for hospital’s occupancy type. Live load reduction was used for the beam, girder, and column 

design because there influence areas were greater than 400 square feet. Though there were multiple 

occupancy rooms in the building the influence areas for the majority of the members would impede on 

a corridor, so in all of the hand calculations a live load of 80 psf was applied to be conservative. The 

table below shows the live loads for a hospital. 

Hospital Live Loads from ASCE 7-10 Ch. 4 

Occupancy/Use Uniform Load  
Patient Rooms: 40 psf 
Operating Rooms: 60 psf 
Corridors Above 1st Floor: 80 psf 
Corridors and Lobbies on 1st Floor: 100 psf 
Roofs Used for Gardens: 100 psf 

DEAD LOADS 

A superimposed dead load of 35 psf was applied for the design of the gravity and lateral system. These 

elements are assumed to be fastened directly to the slab or other structural elements, and the load is 

spread over the full area of the floor. The elements include various MEP systems, ACT tiles, certain 

hospital equipment, other finishes, and collateral to be conservative. For the dead loads in the design 

refer to the table below. 

Material Dead Loads 

Normal Weight of Concrete: 150 pcf 
Structural Steel 490 pcf 
Superimposed Dead Load: 35 psf 

Table 1: Live Loads 

Table 2: Dead Loads 
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SLAB DESIGN 

The reinforced concrete slab was designed with accordance of the Concrete Reinforcing Steel Institute, 

chapter seven. The one-way design table was used with a ρ=0.005 and a span of 14.5’ with a factored 

superimposed load of 170psf, which was taking form the controlling load combo of 1.2D+1.6L. This lead 

to a slab thickness of 6.5” concrete slab that could handle up to 203psf load with bottom reinforcement 

of #7 rebar spaced at 11” and top reinforcement of #4 rebar spaced at 12” on center. Appendix 2 has 

the table used for the slab design, and it takes into account deflection. 

Slab Design 

Bottom Reinforcement: #7 spaced at 11 inches 
Top Reinforcement: #4 spaced at 12 inches 
Temperature & Shrinkage: #3 spaced at 9 inches 
Slab Weight: 81 psf 
 

 

 

 

 

  

Table 3: Slab Design 

Typical Interior Span 

Typical Exterior Span 

Figure 6: Slab Detailing 
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BEAM DESIGN 

The beams were designed perpendicular to the one-way, 6.5” slab. The beams are placed in line with 

the columns and also split the column line which is displayed in the figure below.  This allows the beams 

to hold a tributary spacing of 14.75’ because the columns are spaced at 29.5’ on center. The dead and 

live loads that were stated previously were used to find the size and amount of steel reinforcement 

during a flexural analysis of the beams. To make sure the depth of the beam was adequate for 

deflection, h>l/18.5, taken from table 9.5 in ACI 318-08. This deflection equation is for a one end 

continuous beam to be conservative because this gives the biggest depth. After iterating through hand 

calculations the adequate beam size was determined to be a 10x20 with five #8 rebar and #3 stirrups for 

the edge beams (B2) and a 10x20 with four #8 rebar and #3 stirrups for the interior beams (B1). The 

beams have two rows of reinforcement. The table below shows the design details, and Appendix 3 

shows the full hand calculations. 

 

Beam Design, B1 & B2 

Section Size for B1 & B2: 10x20 
Steel Reinforcement, B1: (4) # 8 rebar & # 3 Stirrups 
Steel Reinforcement, B2: (5) # 8 rebar & # 3 Stirrups 
Weight: 141 plf 
f’c: 4 ksi 
fy: 60 ksi 
 

14.75’ 

29.5’ 29.5’ 

2
6

.5’ 
2

6
.5’ 

1
8

’ 

Figure 7: Beam Layout with Tributary Area 

Table 4: Gravity Beam Design 
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GIRDER DESIGN 

To design the girder, the same approach was taken that was used for the beam design. The girders are 

parallel with span of the slab. These girders are set in line with the interior columns, and span 29.5’ with 

a spacing of 26.5’ to the exterior girder and 18’ to the interior girder. The figure below shows the 

tributary area of the gravity girder. The same dead and live loads from the beam design are applied to 

the girder, but over a bigger tributary area. There is also a point load from the beam at the center of the 

span that acts as a dead load that adds to the moment. After running the calculations the most efficient 

typical girder design is the same section as the beams at 10x20, but with a different reinforcement with 

seven #8 rebar and #3 stirrups. There are a couple spans that are 32’ long, these were designed with a 

different section at 12x20 and reinforced with nine #8 and #3 stirrups. The girders are designed with two 

rows of reinforcement, and the table below shows the design details of the girders. Appendix 4 shows 

the hand calculations that determined the size and reinforcement of the girder. 

 

Girder Design, G1 

Typical Section Size: 10x20 
Section Size for 32’ Span: 12x20 
Typical Steel Reinforcement: (7) # 8 rebar & # 3 Stirrups 
Steel Reinforcement for 32’ Span: (9) # 8 rebar & # 3 Stirrups 
Typical Weight: 141 plf 
Weight for 32’ Span: 169 plf 
f’c:  4 ksi 
fy: 60 ksi 

2
6

.5’ 
2

6
.5’ 

1
8

’ 
2

2
.2

5

29.5’ 29.5’ 

Figure 8: Girder Layout with Tributary Area 

Table 5: Gravity Girder Design 
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COLUMN DESIGN 

All of the interior columns are the same size, even with the 32’ spans, for continuity and simplicity of the 

design. The design is based off of the bottom column because it has to carry the load of the seven 

stories of columns above it. The figure below shows the tributary area of a typical column. The column 

design had to fit an interaction diagram containing pure axial, pure bending, and balance point loads. If 

the actual axial and actual moment load is outside of this curve the column will fail. After finishing the 

hand calculations the column size and reinforcement was checked with spColumn. The final result of the 

column came to be a 20x20 with twelve #10 rebar and with a 2.5” clear cover, and the columns that had 

varying spans had a reinforcement of sixteen #10 rebar. Appendix 5 has the hand calculation for this 

design and spColumn check. 

 

 

Column Design, C1 

Section Size: 20x20 
Typical Steel Reinforcement: (12) # 10 rebar 
32’ Spacing Reinforcement: (16) # 10 rebar 
f’c: 4 ksi 
fy: 60 ksi 

 

2
2

.2
5

2
6

.5’ 
2

6
.5’ 

1
8

’ 

29.5’ 29.5’ 

Figure 9: Column Layout with Tributary Area 

Table 6: Gravity Column Design 
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VIBRATION CONCERN 

The Facility Guidelines Institute states that an operating room should stay under a footfall vibration peak 

of 4000 micro-inches/second which is approximately 50 steps per minute. It is engineering judgment 

that most operating rooms will be below 50 steps per minute, but it is the adjacent rooms/corridors that 

are the problem because the rush of patients in and out of the room. When designing a steel system to 

be less than 4000 micro-inches/second a vibration concern would very critical because there steel is 

prone to vibrating at a 4000 to 2000 micro-inches/second. Most concrete gravity systems do not need to 

be checked for vibration concerns until 1000 micro-inches/second. Even then it tends to be a little 

murky to determine the vibration in a concrete slab, and there are not many references to check this 

criterion. There are ways to check it for a steel system, but there will be no results for the proposed 

structure to compare to. It is known throughout the engineering industry that concrete slabs are 

damper than steel, and work much better in any vibration concern. The original design is probably fine 

to comply with the 4000 micro-inches/second, but the proposed design will work better in vibration. 

Appendix 6 shows the table referenced for the operating room guidelines. 

GRAVITY DESIGN ADVANTAGES & DISADVANTAGES 

The design was kept very simple to help keep constructing the structure fast and easy. Also, the forms 

can be reused from floor to floor because the majority of the members are the same size for each floor. 

The original girder depth is an 18” deep wide flange with infill beams spaced at 9’. The new total depth 

is 20” with infill beams spaced at 14.25’ on center. The plenum space has grown 2 inches which will help 

with mechanical system design, but this will decrease the floor to ceiling height.  Also, the floor weight 

increased, not by much, but it still has a bigger impact in seismic design which will be discussed later in 

the report. This system cuts the cost of fireproofing because concrete is fireproof by itself. Also, the 

vibration will be less in the concrete design for the reason that concrete is more massive, making the 

floor system damper. 

  



Final Thesis Report Alexander J. Burg 
 

Nov, 16th 2011 University Medical Center of Princeton 
17 

Lateral System 

ETABS MODEL 

An ETABs model was constructed to make sure the strength and serviceability criteria is adequate for 

the proposed lateral design. Since there was a separation joint in the original structure only the bigger 

structure was modeled. So if the bigger structure is adequate then the smaller structure would be 

acceptable as well. The self-weight multiplier 

was changed to zero, so it would act as 

diaphragm system. Also the cracking moment 

of inertia was applied to both girders and 

columns in the moment frame. The columns 

had a 0.7Ig multiplier and the girders had a 

0.35Ig multiplier which was taken from 

Chapter 10.10.4.1 in ACI 318-08 to account 

for cracking. The mass of the diaphragm was 

taken by the weight of the gravity system and 

other superimposed dead load because that 

is all that affects the lateral system. The mass 

was found for a typical bay is equal to 6.5E-

5Kips/ft2. An end offset of 0.5 was applied to 

ensure that cracking would ensue in the concrete 

as well. The model was modeled as pin connection at the bottom of the columns because it is expensive 

hard to create a fixed end constraint. The next two sections will get into the wind and seismic loads that 

were calculated and applied to the structure. After that the sections show the design of the moment 

frames (green and yellow) and shear walls (red) shown in the figure above.   

WIND LOADS 

For the wind load calculations the MWFRS directional procedure was used to determine the lateral 

loads, and the equations used to perform this method were taken from ASCE7-10 chapter 27. It turned 

out to be that the UMCP building is a flexible structure. All supporting calculations and applied load 

cases can be found in Appendix 7. 

A diagram showing the wind pressure coming from North/South and East/West for those facades is 

shown below in figure 11 and figure 12. According to ASCE7-10 the parapets also needed to be taken as 

a separate practice, and are not included in the figures below. Through these calculations, the base 

shear for the East/West and North/South came out to be 1601kips and 1054kips, respectively. It was 

proven that the greater the area the more base shear will occur in the building. The allowable drift is 

determined by an engineering rule of thumb of (story height)/400. The drifts were taken from the ETABS 

model during load case three, shown in Appendix 7 taken form ASCE7-10, because that is where the 

most drift happens in both directions, the tables below conveys that the structure is adequate for drift 

serviceability. 

Figure 10: ETABs 3D Model 
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Wind Drift North/South Direction (Y) 
Story Allowable Drift Check Y-Dir. X-Dir. Y-Dir. Total Drift 

1 0.51 OK 0.0002 0.0002 0.0003 
2 0.54 OK 0.0004 0.0002 0.0005 
3 0.42 OK 0.0006 0.0003 0.0007 
4 0.42 OK 0.0009 0.0003 0.0009 
5 0.42 OK 0.0014 0.0002 0.0014 
6 0.42 OK 0.0020 0.0002 0.0021 

Roof 0.42 OK 0.0043 0.0002 0.0043 

 

Critical Variables Found for Wind Analysis  

V=120mph 

P=30.87psf 

P=29.33psf 

P=27.30psf 
P=23.52psf 
P=22.98psf 

P=32.38psf 

1601.19Kips 

P=25.16psf 

Figure 11: North/South Wind Analysis 

Table 7: North/South Wind Story Drift 
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Wind Drift East/West Direction (X) 
Story Allowable Drift Check X-Dir. X-Dir. Y-Dir. Total Drift 

1 0.51 OK 0.0004 0.0000 0.0004 
2 0.54 OK 0.0009 0.0001 0.0009 
3 0.42 OK 0.0017 0.0001 0.0017 
4 0.42 OK 0.0025 0.0001 0.0025 
5 0.42 OK 0.0041 0.0002 0.0041 
6 0.42 OK 0.0058 0.0002 0.0059 

Roof 0.42 OK 0.0277 0.0010 0.0277 

 

 

V=120mph 

P=33.37psf 

P=31.65psf 

P=29.49psf 
P=25.33psf 
P=24.70psf 

P=34.81psf 

1053.67Kips 

P=25.16psf 

Critical Variables Found for Wind Analysis  

Figure 12: East/West Wind Analysis 

Table 8: East/West Wind Story Drift 
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SEISMIC LOADS  

For the seismic design process, ASCE7-10 chapter 12 was referenced to make sure that conservative 

standards were met by code. The USGS Earthquake Ground Motion Parameter Application was used to 

find the seismic response coefficients (S1 and Ss) for Plainsboro, New Jersey. Since all of the floors have 

the same gravity system, each floor weighs the same amount. The roof weighs more due to the fact that 

the mechanical equipment is so heavy. Also, the response modification factor value, R, is equal to 3.0 

because none of my systems were design as a “Special System.” The seismic design category of the 

building was determined as “B” from table 11.6-1. The tables below also shows the drifts that were 

found in ETABs with the allowable drift of the building, and it came out to be adequate for serviceability 

concerns. The allowable drift found in table 12.12-1 ASCE 7-10 is equal to 0.015 x (story height). The 

drifts taken from ETABs have to be adjusted by code by multiplying the drift by the (story height) x CD/I. 

The story shear forces and the calculations for determining these values are located in Appendix 8. 

 

 

 

 

 

 

 

 

 

 

217 Kips 

104 Kips 

158 Kips 

344 Kips 

344 Kips 

279 Kips 

1144 Kips 

Figure 13: Seismic Analysis 
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Seismic Drift East/West Direction (X- Direction), I=1.25 & CD=2.5 

Story Allowable Drift Check X-Dir. X-Dir. Y-Dir. Total Drift 
Roof 2.52 OK 0.648 0.030 0.648 

6 2.52 OK 1.043 0.041 1.044 

5 2.52 OK 1.413 0.052 1.414 

4 2.52 OK 1.785 0.064 1.787 

3 2.52 OK 2.436 0.081 2.437 

2 3.24 OK 3.197 0.110 3.199 

1 3.06 OK 2.927 0.186 2.933 

 

Seismic Drift North/South Direction (Y-Direction), I=1.25 & CD=3.0 

Story Allowable Drift Check Y-Dir. X-Dir. Y-Dir. Total Drift 
Roof 2.52 OK 0.016 0.016 0.023 

6 2.52 OK 0.026 0.017 0.031 

5 2.52 OK 0.035 0.017 0.039 

4 2.52 OK 0.044 0.016 0.047 

3 2.52 OK 0.060 0.015 0.062 

2 3.24 OK 0.098 0.015 0.099 

1 3.06 OK 0.185 0.011 0.185 

 

SHEAR WALL DESIGN 

The shear walls were only designed in the short direction, and are all the same length. This means each 

shear wall was designed to be identical. The max shear force was taken from the ETABs model. The wall 

was designed so the wall could resist the force in shear and flexure failure, and the calculations could be 

found in Appendix 9. The shear walls was designed to be 8” thick with horizontal reinforcement of  #3 

rebar at 10” spacing and vertical reinforcement with  #3 rebar at 12” spacing. The flexure reinforcement 

was designed with four #9 rebar.   

Shear Wall Design 

Horizontal Reinforcement: #3 rebar spaced at 10” 
Vertical Reinforcement: #3 rebar spaced at 12” 
Flexural Reinforcement: (4) #9 
Thickness: 8 inches 

 

 

 

Table 9: East/West Seismic Story Drift 

Table 10: North South Seismic Story Drift 

12” 3” 
#3 @10” 

Figure 14: Shear wall Design 

Table 11: Shear Wall Design 

12” 
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MOMENT FRAME DESIGN 

The girder in the moment frame was designed almost the same way as the gravity girder was, but there 

was an additional moment added that was taken from the ETABs model. Also, the controlling load 

combination was 1.2D+1.0W+L. The hand calculations were perfected on a spreadsheet to get the most 

efficient section and reinforcement. The girder section size turned out to be an 18x30, but the 

reinforcement changed per floor because the lateral load decreases per floor. Appendix 10 shows the 

detail of the spreadsheets. The columns in the moment frame were designed like the gravity columns 

were, but with a max moment added from ETABs for each floor. The column changes its square 

dimension on almost every floor. The reinforcement changes in almost every floor as well. The 

reinforcement ratio always stays less than 4.0% reinforcement, as a rule of thumb. The columns were 

checked with spColumn. The figures below shows the tributary are of the girders and columns in the 

moment frame. The table on the next page lays out the section and reinforcement for each girder and 

column. 

 

 

 

 

 

 

 

29.5’ 29.5’ 

1
3

.2
5

’ 
2

6
.5’ 

1
8

’ 
2

6
.5’ 

Figure 15: Lateral Column & Girder Layout with Tributary Area 
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Column Design, C2 Girder Design, G2  

1st Floor Section Size: 26x26 1st Floor Section Size: 18x30 
1st Floor Reinforcement:  (16) # 10 rebar 1st Floor Reinforcement:  (13) # 8 rebar 
2nd Floor Section Size: 24x24 2nd Floor Section Size: 18x30 
2nd Floor Reinforcement:  (12) # 8 rebar 2nd Floor Reinforcement:  (9) # 8 rebar 
3rd Floor Section Size: 20x20 3rd Floor Section Size: 18x30 
3rd Floor Reinforcement:  (12) # 8 rebar 3rd Floor Reinforcement:  (7) # 8 rebar 
4th Floor Section Size: 18x18 4th Floor Section Size: 18x30 
4th Floor Reinforcement:  (8) # 8 rebar 4th Floor Reinforcement:  (5) # 8 rebar 
5th Floor Section Size: 16x16 5th Floor Section Size: 18x30 
5th Floor Reinforcement:  (8) # 8 rebar 5th Floor Reinforcement:  (4) # 8 rebar 
6th Floor Section Size: 14x14 6th Floor Section Size: 18x30 
6th Floor Reinforcement:  (4) # 8 rebar 6th Floor Reinforcement:  (3) # 8 rebar 
7th Floor Section Size: 12x12 7th Floor Section Size: 18x30 
7th Floor Reinforcement:  (4) # 8 rebar 7th Floor Reinforcement:  (3) # 8 rebar 
f’c: 4 ksi f’c: 4 ksi 
fy: 60 ksi fy: 60 ksi 
ρ: % < 4.0% O.K.  ρ: % < 4.0% O.K.  

LATERAL DESIGN ADVANTAGES AND DISADVANTAGES  

Each girder in the moment frame and shear wall is designed with the same section throughout the 

building, so this is advantageous in construction because it is simple and the formwork is reusable. The 

original steel moment frame design was only 26” deep, so this means that we gained 4” of plenum space 

decreasing the floor to ceiling height which is a weakness in this design. Not all the braced frames were 

switched to shear walls because there was no need for the extra stiffness which would save money in 

cost and construction time. Concrete is fire proof, so this saves money compared to the steel structure 

that needs to be fireproofed. Also, Concrete is cheaper than steel, and the cost analysis breadth will go 

into detail relating the pros and cons of the construction and cost of the concrete design.  

  

Table 12: Moment Frame Design 
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Construction Impact & Costs Analysis Breadth 
To help compare the new structure design to the existing structure a cost analysis for both systems was 

prepared. RS Means 2010 was used to quantify the impact of the cost difference by switching from steel 

to concrete. Also, a simplified construction schedule was developed to display what design has the best 

impact on overall time of the completion.  These two analyses will determine what design is more cost 

and time efficient. 

COST ESTIMATE 
A detailed estimate of the existing and proposed design of the superstructure was compiled using 

RSMeans 2010. The foundation was not redesigned, so that was left out of both cost estimates. The 

existing structure included the steel framing members (beams, columns, and girders), metal decking, 

concrete slab, concrete finish, fireproofing, and curb edging. The detailed spreadsheet of the total cost 

and total cost with overhead and profit (O&P) can be found in Appendix 11. 

RSMeans was referenced to tabulate the proposed structure to stay consistent with the cost of the 

original design. Both of the cost estimates were factored for location. The Cost analysis for the redesign 

included 400 psi concrete, pumping and placing the slab, shear walls, beams, girders, and columns, 

concrete finish of the slab, all reinforcement, and all form work. The form work was tabulated for a 

reuse factor, so it was able to be used for multiple uses. A breakdown of the cost analysis can be found 

in Appendix 11. 

Through the cost analysis it was determined that the redesign is about three-quarters of a million dollars 

more than the proposed design for the total with O&P. The total without O&P for the proposed design is 

about one hundred thousand dollars less than the original design. The true numbers are tabulated in the 

table below for a better comparison. 

Cost Analysis 

 Total Total With Overhead & Profit 
Existing Structure:  $    5,972,968.56   $      7,030,233.51  
Proposed Concrete Structure:  $    5,878,646.28   $      7,817,156.22  
Cost Difference:  $       94,322.28 (Saved)  $          786,922.71 (Gained) 

PROJECT SCHEDULE 

The modifications of the original design were found to have a significant impact on the completion time 

of the project. Since there are many different tasks that go into constructing a concrete structure than a 

steel structure the two rough schedules were prepared for comparison. The downfall for constructing a 

concrete structure is waiting for the concrete to cure before constructing the floors above. Steel 

construction has no waiting time after you erect the members, so you can have multiple tasks going on 

at the same time.  

The daily output for each task was tabulated by the crew specified in the RSMeans. It was assumed that 

it takes eight days for the concrete to reach enough strength to construct the framing for the next floor 

above. The existing structure schedule and the proposed schedule can be found in Appendix 12. The 

start time for both designs started in November 2011. It took approximately 100 more days to construct 

 Table 13: Cost Analysis 
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the proposed concrete structure than the original steel design. Typically it does take longer to erect a 

concrete structure than it does to erect a steel structure. These are ideal schedules that do not including 

any unforeseen issues that typically do happen on a jobsite.  

CONCLUSION  

The results of this breadth indicated that the existing building is cheaper to construct with overhead and 

profit, but the raw material is cheaper for the proposed concrete structure. Though the cost estimate 

was a rather rough detailed estimate, it still shows that this design is overall more expensive. The 

$786,922.71 increase is just a drop in the bucket for a $300 million project. 

The scheduling analysis showed that the existing structure would be built almost four months faster 

than the concrete structure. If time constraints are an issue for the owner, then this design would not be 

ideal to use. No time constrains have been given, but normally each project should be constructed as 

fast as possible.  
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Sustainability Breadth  

To become LEED certified the building must accumulate 45-49 points based on a credit system governed 

by the United States Green Building Council (USGBC). Each credit is allocated by points based on the 

relative importance of the building-related impacts that it addresses. The Green Building and LEED Core 

Concepts Guide will be referenced for dictate the actual accreditation for each innovative design added 

to the building.  The credits will be determined by studies taken from the USGBC on previous projects. 

The USGBC decides what rating the building will actually receive. 

GREEN ROOF DESIGN 
A green roof life cycle can last two or even three times longer than a conventional roof. Depending on 

the plant selection the green roof does not require watering and can absorb up to 70% of storm water. 

The native plants that will be used in the xeriscaping of the green roof are Canadian Serviceberry, White 

Baneberry, and Common Yarrow. 

The green roof will need to be designed with a roof-repelling membrane, which is about $10-$15 per 

square foot plus the green roof system: curbing, drainage layer, filter cloth, and a growing medium that 

costs about $15-$30 per square foot. The total green roof material plus installation for and accessible 

green roof will be about $125-$185 per square foot. Also, the weight of the roof with a 4” growing 

medium is tabulated as 45 psf of dead load, and the live load taken from ASCE is 100 psf. The green roof 

will take up about 3000 square feet making the green roof cost approximately $555,000. That may seem 

like a lot of money, but it is beneficial if you gain 3000 square feet that the patients can access to get out 

of a hospital atmosphere to get a breath of fresh air. Plus all the benefits a green roof adds cutting down 

on cooling and heating, especially since there is a full glass façade beneath the green roof in the atrium.  

 Figure 16: Green Roof Design, 
Courtesy of DC Green Works 
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The green roof added additional weight to the atrium roof, so a design of the extension of the one way 

slab with beams was designed to support the system that needs to be checked. The Beams and girders 

were able to stay the same size as the original gravity system, but with less rebar. The columns changed 

to 16x16 with eight #9 rebar. The structure design can be found in Appendix 13. 

Green Roof Affects & Savings 

Criteria Savings from Conventional Design Credit 
Energy : 57 kBTU/sf = 171,000 kBtu annually 2 
Electricity: 28000 MWh Reduction over 30 Years 2 
Water Efficiency: Uses 75% of Storm Water, No need for Irrigation  2 

 

Since a green roof cost a lot to construct per square foot a green roof was not designed for the actual 

roof on the seventh story. A cool roof with a reflective covering will be applied to the roof creating less 

of a heat island effect and reducing the heat impact in the building itself lowering cooling costs. 

INDOOR STRATEGIES 

The UMCP building has an efficient HVAC system helping them come closer to a LEED certification by 

using all outdoor air. Also, the glass curtain wall helps cut down lighting cost, and the wood louvers aid 

in reducing solar gain. The table below states the indoor strategies implemented into the building to 

gain LEED credits.   

Indoor Strategies 

Use Savings from Conventional Design Credit 
Low Flow Toilets/Facets: 67% Water Savings 10 
Light bulb Use/ Light Sensors: 70% Electricity Savings 10 
Recycling Bins/Source Reuse: Bettering the Environment 3 
Green Cleaning: Bettering Indoor Air Quality 2 

 

SYNERGIES 

A synergy implies the two individual parts can work together to create more than just the sum of the 

two credits. An example would be a water heater wouldn’t have to heat as much water out of a low flow 

shower head/sink because less water is pouring out per minute reducing the cost of the heat and 

reducing the cost of the water, as well as helping the environment by reducing emissions. 

CONCLUSION 
There are a total of 31 credits not including the cool roof; this alone is not enough to become lead 

certified. If you implement synergies into the accreditation the building could become close to being 

LEED Certified. Furthermore, if you account for the existing sustainable attributes could bring the project 

closer to a LEED Certified building. Overall, the green roof with the other green advancements added to 

the project would increases the cost of the project, but in the long run the savings could be paid back 

within the decade. This would also become a better place for sick patients to reside because there 

Table 15: Green Indoor Design Strategies 

Table 14: Green Roof Savings 
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would be fewer emissions produced from the building with a higher indoor quality environment.  The 

green roof could brighten ones day by taking them out of the hospital to an outdoor environment, but 

still keeping them close to the safety of the hospital.  
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Conclusion 
The focus of this report was to weigh the pros and cons of redesigning the superstructure from 

structural steel to reinforced concrete. A cost and schedule analysis was also taken into account to help 

justify if the proposed solution would be better or worse than the original.  

The redesign of the building was determined to be a 6.5” reinforced one way slab, with gravity beams 

and girders at a size of 10x20, but with different reinforcement at four #8 and seven #8 rebar 

consecutively. Also, the typical gravity columns stayed the same size throughout the building at 20X20 

square columns. The restructure of the lateral system was determined to have 18x30 girders with 

varying reinforcement per floor, and varying square columns and reinforcement per floor for the 

moment frames in the East/West direction. The shear walls in the North/South direction are all 26’ long 

and were designed the same throughout the each floor at 8” thick with vertical reinforcement of #3 

rebar spaced at 12” on center, horizontal reinforcement  of #3 rebar spaced at 10” on center, and 

flexural reinforcement of four # 9 rebar. All the criteria was met for strength due to this design as well as 

serviceability such as drift, deflection, and vibration.  

The cost analysis determined that the raw materials are cheaper than the raw steel materials. With 

overhead and profit of the reinforced concrete project was determined to be $786,923. If this is a low 

budget project then a reinforced concrete structure might not be feasible, but in that amount of 

increase in cost compared to the actual full cost of the project is not that big of a difference in the whole 

scheme of things.  There were two schedules that were constructed to compare which structure would 

be erected faster.  The concrete structure took an extra 100 days for the completion of the assembly. 

Since most projects want to be done as fast as possible the steel structure would be ideal, but if there 

were no time constraints there would be no reason for the construction of the concrete building not to 

be used.  

The breadth for becoming LEED certified included the design of a green roof and implementing other 

sustainable techniques.  The green roof would increase the project cost by approximately $555,000. This 

increase in money is detrimental in the beginning, but has a lot of payback cost to it throughout the 

buildings lifecycle. The other green strategies used throughout the building would increase the cost in 

the project as well, but they too have an effect on payback as well as bettering the environment. If the 

budget could have been increased the use of more sustainable techniques would better the lifecycle 

cost of the building, and could possibly make UMCP LEED Certified by the USGBC. 

Overall, the results of this thesis had a great impact on the system and lifespan of the building, which 

would better the patients stay at the UMCP. These designs and strategies ended up costing more 

money, but with the sustainability techniques the building would have a lot of payback. Also, the time 

span of the construction would increase dramatically. If time and budget were not an issue the redesign 

would be adequate. 
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