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E x e c u t i v e   S u m m a r y 
 
 
This report is a study of alternative floor framing systems for the Center for Science & Medicine in New York, NY. Five different floor 

systems were designed and analyzed to be compared for their viability. Comparisons between the systems are based on factors such as 

cost, fire rating, serviceability, architecture, and ease of construction. Currently, the design for CSM incorporates a composite metal deck 

floor system on steel beams. Spans are relatively long and heavily loaded, and stringent vibration requirements have been placed on the 

structure. Although the composite floor system is able to meet these demands, it is worthwhile to investigate other floor framing options. 

These alternative solutions, each studied in the following pages, include: 

 

1. One-Way Concrete Slab 

2.    Pre-Cast Double Tees 

3.    Pre-Cast Hollow Core Slab on Steel 

4.    Post-Tensioned One-Way Slab 

 

Based on my preliminary analyses, it appears as though the composite metal deck (existing) system and the post-tensioned one-way slab 

system are the best framing options. Each system has its own advantages. A composite metal deck system is fast and easy to construct 

(once steel has been delivered), it is capable of long spans and heaving loading, and it is able to control floor vibration. It is a common 

framing choice among designers today because of its economy and efficiency. Similarly, a PT slab is also able to handle heavy loads and 

long spans, it has a minimal required floor depth, and it lightens the structure’s total weight. Both systems would be good options to 

investigate further by studying their impacts on vibration, the foundation system, and the lateral system of the building. Such analyses will 

be conducted in future reports. 
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I n t r o d u c t i o n 
 
 
The Center for Science & Medicine is a research laboratory designed for scientific investigation, discovery, and treatment. Located in New 

York City’s Upper Manhattan, the building is organized and shaped by its architectural program. On the north and south edges of the site, 

two linear lab bars encompass a core of support spaces. The building’s east edge links the inside to the outside with a window-covered, 

multi-story atrium. Situated within the building are 6 additional floors of wet lab research space, 1½ floors of clinical space, a clinical trial 

area, and space for research imaging. The building is 11 stories above grade with a typical floor to floor height of 15’-0”, giving a total 

building height of 184’-0.” A 40-story residential tower will also rise on the site adjacent to the lab, but the buildings are clearly defined as 

two separate entities. Below is a site plan showing the CSM research center, the adjacent residential tower, outdoor service areas, and 

surrounding buildings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is important to note that the Center for Science & Medicine, or CSM, is only at the 50% design development phase. Thus, the existing 

structural design and calculated quantities are not absolute or finalized.  

 

This report will examine four alternate floor systems for the CSM research center. Each analysis includes an evaluation of the system’s 

effectiveness in terms of cost, serviceability, ease of construction, and others. The purpose of this paper is to gain an understanding of 

potential alternate framing options that are viable for a more detailed study. Thus, all calculations and designs are preliminary and will need 

to be adjusted and extended if taken to a more comprehensive level. 
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E x i s t i n g   S t r u c t u r a l   S y s t e m 
 
 
 
Foundation  

The foundation will consist of reinforced concrete spread footings ranging from 4’x4’x2’ to 8’x8’x4’ (l x w x h) in size, with a concrete 

compressive strength of f’c = 5000 psi. Maximum footing depth will be 49’-0” below grade, and all footings will bear on sound bedrock 

(Class 2-65 rock with bearing capacity 40TSF or Class 1-65 rock with bearing capacity 60TSF, according to New York City Building Code). 

Seven (7) of the total forty-three (43) footings will be designed to support columns from both the research center and the residential tower, 

as dictated by their location at the CSM / tower interface. Foundation loads vary from 400 to 3200 kips. 

 

Below grade perimeter walls will consist of cast-in-place, reinforced concrete (f’c = 5000 psi) braced by the below-grade floor slabs. The 

walls will stand 48 ft in height (equivalent to 2 basement levels). These walls are designed to resist lateral loads from soil and surcharge in 

addition to the vertical loads transferred from perimeter columns above. On the north and south perimeter walls, reinforced concrete 

pilasters will support perimeter columns above. A continuous grade beam (f’c = 5000 psi) will be constructed under these perimeter 

basement walls. 

 

The lowest level basement floor will be an 8” concrete slab on grade with a compressive strength of f’c = 4000 psi, typically reinforced 

with #5 bars@12” each way. At typical columns, additional slab reinforcement will be provided with (4)#4 bars oriented diagonally in the 

horizontal plane around the column base. At lateral columns located around the building core, the slab will be reinforced with (12)#5 bars 

oriented diagonally with additional longitudinal bars arranged in a grid pattern around the column base. 

 

 

Lateral System 

Lateral resistance to wind and seismic loads is provided by a combination of braced and moment resisting steel frames. In the North/South 

direction, lateral loads are resisted by a system of diagonally-braced frames around the service core area of the building’s interior. The core 

is made up of (6) column bays spaced at approximately 20’x20’ and using W14 column sections. Heavy double tee sections used as 

diagonal braces provide the lateral resistance at the core and vary from WT6x39.5 to WT6x68 in size. 

 

In the East/West direction, lateral loads are taken by a dual system of perimeter beam/column moment frames and the diagonally-braced 

frame around the service core. Thus, it is assumed that the moment frames in this system are capable of resisting 25% of the design lateral 

forces. These moment frames have been designed to use W14 or W24 column sections spaced approximately 21’-0” on center and W30 

wide flange beams. The frames first occur on the third level and then alternate levels up through the building’s roof (a total of five floors 

with moment frames). 
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Floor Framing System 

CSM’s existing floor system uses composite metal deck. The floor slabs typically consist of 3” metal deck with 4 ¾” normal-weight 

concrete topping, giving a total slab depth of 7 ¾”.  Thicker, normal-weight concrete slabs will be provided in spaces such as mechanical 

floors to meet acoustic and vibration criteria. These thickened slabs will be designed with 3” metal deck and 8” NWT concrete topping with 

reinforcement, giving a total slab depth of 11”. Full composite action is created by 6” long, ¾” diameter shear studs, and concrete 

compressive strength is to be f’c = 4000 psi. The composite metal deck is supported by wide flange steel beams ranging from W12x14 to 

W36x150 in size and spaced approximately 10’-6” on center. 

 

 

There are two typical bay sizes used throughout the building, 21’-0”x 21’-0” and 43’-0” x 21’-0.” For this study, I have chosen the larger 

bay size to analyze in order to obtain results that can be applied throughout the entire structure. This particular bay, shown below, is located 

on the North end of the building and occurs on typical lab floors (level 3 and levels 5-10). It is designed for 100 psf live load and 25 psf 

superimposed dead load (see table on page 9). Also, the lab areas must meet the strict serviceability requirement of a 2000 micro-

inch/sec vibration velocity, which is another reason why I have chosen to study this typical bay. 

 

NWT reinforced concrete slab  
on metal deck 
3” deck + ¾” topping 
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Typical Floor Plans 

 

Architectural 

Below is the architectural floor plan for the first level of CSM. Colored zones indicate the functions of each area. The building footprint stays 

basically the same with increasing height, except for a slight decrease in area on the southwest corner beginning on the 3rd floor. 

 
 
 
 
 

Office Space 

Building 
Core Imaging / 

Equipment Space 

Level 1, Architectural Plan

Lobby 

N 

 

Page 6 of 35 



Ashley Bradford Center for Science & Medicine 
Structural Option  New York, NY 
Adviser: Dr. Andres LePage    Technical Report 2                October 29, 2007 
 
 

Framing 

Typical floor framing is shown in the figure below (laboratory floor). Composite metal deck spans the floor in the east-west direction in 

most areas and in the north-south direction above the atrium. Perimeter columns are spaced approximately 20’-0” - 22’-3” on center, and 

the longest span is 43’-8” (located on the south side of the building). The typical bay chosen for study in this report, as discussed on page 

5, is noted with a dashed line. 

N 

Level 5, Floor Framing Plan 
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C o d e   &   D e s i g n   R e q u i r e m e n t s 

 
 
Applicable design standards 

International Building Code 2006 

ACI 318-05 (Reinforced Concrete Design) 

AISC LRFD-2005, 13th Edition (Structural Steel) 

ASCE 7-05 

 

Deflection Criteria 

 Floor to Floor Deflection 

 Typical live load deflection  L/360 

 Typical total deflection  L/240 

 Typical exterior spandrel deflection ½” 

 

Vibration Criteria  

Imaging rooms / laboratories 2000 Micro inches / sec 

Patient rooms   4000 Micro inches / sec 

Offices / seminar rooms  8000 Micro inches / sec 
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G r a v i t y   L o a d s 
 

Below is a table summarizing the load values of the structural designer and of IBC 2006 (which references ASCE 7-05). 
 

Floor / Description 
Superimposed Dead 

Load 
Design Live Load IBC Live Load Vibration Velocity 

SC1 & SC 2 

· Vivarium 30 psf 50 psf - 2000 μin/s 
· Stair 5 psf 100 psf 100 psf - 

SC1 & SC2 Interstitial 

· Mechanical Service 10 psf 50 psf - - 

· Stair 5 psf 100 psf 100 psf - 
Level 1 

· Lobbies, Corridors 110 psf 100 psf 100 psf - 

· Office 30 psf 50 psf 50 psf 8000 μin/s 

· Glass Wash 10 psf 125 psf - 2000 μin/s 

· Stair 5 psf 100 psf 100 psf - 
Level 2 

· Wet Lab 25 psf 100 psf - 2000 μin/s 

· Loading Dock 75 psf 250 psf 250 psf ‐ 

· Auditorium 40 psf 60 psf 60 psf - 

· Stair 5 psf 100 psf 100 psf - 

Level 3 
· Wet Lab 25 psf 100 psf - 2000 μin/s 

· Stair 5 psf 100 psf 100 psf - 
Level 4 

· Lobbies, Corridors 110 psf 100 psf 100 psf - 

· Office 30 psf 50 psf 50 psf 8000 μin/s 

· Stair 5 psf 100 psf 100 psf - 
Levels 5 - 10 

· Office 30 psf 50 psf 50 psf 8000 μin/s 

· Wet Lab 25 psf 100 psf - 2000 μin/s 

· Stair 5 psf 100 psf 100 psf - 
Level 11 

· Roof Terrace 235 psf 100 psf 100 psf - 

· Mechanical 80 psf 125 psf - - 

· Stair 5 psf 100 psf 100 psf - 
Roof 

· Green Roof 60 psf 100 psf 100 psf - 

· Snow Load - 30 psf 22 psf (see calcs) - 
Superimposed Loads 

· Partitions 10-20 psf - - - 

· CMEP 10 psf - - - 

· Finishes / Screed 5-15 psf - - - 

· Roofing Membrane / Insul. 10 psf - - - 
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Loading: 
 
 Live load = 100 psf  
 Dead load (superimposed) = 25 psf 
 
Material Properties: 
 
 f’c = 4,000 psi 
 fy = 50 ksi (beams / girders) 
 = 60 ksi (shear studs) 
 
 3” metal deck, 16 gage 
 4.75” normal weight concrete topping 
 ¾” diameter, 6” long shear studs  
 
Special Requirements: 
 
 2-hour fire rating 
 2,000 μin/sec vibration limit 
 

A l t e r n a t e   F r a m i n g   S y s t e m s 

 
 
System 1: Existing Composite Metal Deck 
 
 Framing Layout: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Existing Framing for Typical Bay  
System Evaluation: 

 

Structural: 

This system of composite metal deck presents itself to be an effective framing option for CSM. The ability of the steel 

and concrete to work together allows for the heavy live load and long spans. Although the 2-hour fire rating of this 

system is met by the 7.75” total slab thickness, steel members must also receive spray-on fireproofing to meet the 

code. Also, steel sections are on the heavier side due to the vibration requirements that must be met. The approximate 

total floor depth is about 32,” which is on the larger side. 

 

 Construction: 

Composite concrete is generally a cost effective means of construction. Forms are not required, which eases the 

process. The floor slab does not need to be cut in many areas based on this design, minimizing time between concrete 
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pours. Erection of the steel is also a quick and efficient process, and it is able to be sequenced strategically as a part of 

the project’s construction schedule. 

 

Architectural 

The composite system allows for long, rectangular bays. This kind of column grid is very desirable for laboratory layout. 

However, since the member depth is required to be relatively deep, less floor-to-ceiling height is able to be achieved at 

each level, which is an undesirable feature of this system. 

 

Conclusion 

A composite metal deck floor framing system is a viable option for CSM’s structure. 

 

Positive     Negative 

 + Easy to construct - Heavy steel sections required 

 + 2 hour fire rating (with spray-on fireproofing) - Thick total floor depth (2’-8”) 

 + Cost effective 

 + Meets vibration requirements 

 + Fast erection time 

 + Carries large live loads 

 + Large, rectangular column bays allow for lab layout 
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System 2: One Way Slab 

 
Framing Layout:  Loading: 

 
 Live load = 100 psf  
 Dead load (superimposed) = 25 psf 
 
Material Properties: 
 
 f’c = 4,000 psi 
 fy = 50 ksi (beams / girders) 
 = 60 ksi (reinforcement) 
 
Special Requirements: 
 
 2-hour fire rating 
 2,000 μin/sec vibration limit 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
System Evaluation: 
 

Structural: 

This system of a one-way concrete slab 

and wide, shallow beams appears to be a 

somewhat effective framing option for 

CSM. A 9” concrete slab is required for a 

21’-0” span, plus another 16” for the depth of beams running in the north-south direction, giving an overall floor depth 

of 25 inches. The system is able to carry the heavy live loads and remains consistent with the original large column 

spacing. The 2-hour fire rating requirement is met by the 9” slab thickness, and no additional fireproofing is required 

since there are no structural steel members. Although concrete structures are typically able to effectively minimize 

vibration, there was no in-depth vibration study performed for this report. If this system were to be analyzed further, 

vibration requirements would need to be checked and all columns would need to be redesigned as concrete.  

 

 Construction: 

Cast-in-place concrete presents a longer time schedule for construction. Instead of being able to pour a floor and 

proceed to the next soon after, workers must wait for the concrete to cure. Only after the concrete has reached a certain 

strength can workers strip the forms and progress to upper levels. The regularity of the floor plan allows the reuse of 

concrete forms from floor to floor.  
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Architectural 

The concrete one-way slab system allows for long, rectangular bays in accordance with the original grid layout, which is 

desirable for the laboratory function of this space. Also, the overall floor depth is slightly less than the composite 

system, which is desirable from an architectural standpoint. 

 

Conclusion 

A one-way slab floor framing system could be a viable option for CSM’s structure and is worth further investigation. 

 

Positive     Negative 

 + Thinner floor depth - Heavy steel sections required 

 + 2 hour fire rating (no spray-on fireproofing) - Thick total floor depth (2’-8”) 

 + Will likely meet vibration requirements - Slowed erection time 

 + Carries large live loads - More expensive to construct 

 + Large, rectangular column bays allow for lab layout 
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System 3: Precast Double Tees  
 

Framing Layout:  Loading: 
 
 Live load = 100 psf  
 Dead load (superimposed) = 25 psf 
 
Material Properties: 
 
 f’c = 5,000 psi 
 fpu = 270,000 psi (reinforcement) 
 
Special Requirements: 
 
 2-hour fire rating 
 2,000 μin/sec vibration limit 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
System Evaluation: 
 

Structural: 

The most obvious disadvantage to this 

system is limited variety of double tee 

shapes in terms of dimensions. My design 

incorporates 8’-0” wide double tees, but 

they do not fit perfectly into the existing column grid. To solve this problem, either specially-fabricated double tees 

would need to be ordered to fit into 21’-0” bays, or the column grid would need to be re-configured. Also, the slab is 

only 4” thick between joists, so spray-on fireproofing would be required. Overall floor depth is 32,” including the 2” 

topping on the double tees, which is relatively large. Aside from these disadvantages, the double tees are efficient i

carrying heavy loads on long spans. Deflection and vibration would likely be kept to a minimum, since the system i

entirely concrete, but a more detailed study would be required to confirm thi

n 

s 

s. Also, concrete columns would need to 

be redesigned as well. 

 

 

onths). The front-ended schedule impacts may or may not prove to be a better option than a 

ast-in-place system. 

 

Construction: 

Pre-cast construction is a much faster process than cast-in-place, as all of the elements are fabricated in a shop.

However, pre-cast concrete construction requires a longer lead time for ordering these pre-fabricated members 

(sometimes up to five m

c
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Architectural 

Overall floor depth is actually greater than the existing composite system. Also, the restrictive dimensions of the double 

tees prevent an even fit into a 21’-0” bay. This issue would require a reorganization of the column grid, which would be 

ndesirable from an architectural viewpoint. 

 pre-cast double tee system is probably not the most feasible or economical option for CSM’s floor framing system.  

 

u

 

Conclusion 

A

Positive     Negative 

 + Fast erection time - Long lead time 

 + 2 hour fire rating (no spray-on fireproofi - Thick total floor depth (32”) ng) 

 requirements 

 Special fabrication of unique double tee sizes 

 + Large, rectangular column bays allow for lab layout

 + Will likely meet vibration - Possible reconfiguration of column grid 

+ Carries large live loads - 
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System 4: Precast Hollow Core Plank 

 
Framing Layout:  Loading: 

 
 Live load = 100 psf  
 Dead load (superimposed) = 25 psf 
 
Material Properties: 
 
 f’c = 5,000 psi 
 fpu = 270,000 psi (reinforcement) 
 
Special Requirements: 
 
 2-hour fire rating 
 2,000 μin/sec vibration limit 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
System Evaluation: 
 

 

Structural: 

A system of hollow core plank allows large loads, long spans, and desirable fire rating. The pre-fabricated elements 

also fit well into the existing column grid, just 4” short on one end of the 43’-8” span. The 8” slab itself meets the 2-

hour fire rating requirement, but additional spray-on fireproofing is required on the steel beams and girders. Total floor 

depth of this system is about 32.” Since this system is both steel and concrete, it is difficult to predict vibration 

effects. Thus, a more detailed analysis is required. 

 

 Construction: 

Like the double tees, hollow core planks will need significant lead time to be pre-ordered and shipped to the 

construction site. However, once all materials have been gathered, erection of the steel and installation of the slab 

should be a fast process. The front-ended schedule impacts of the hollow core system may or may not prove to be a 

better option than a cast-in-place system. 

 

Architectural 

Overall floor depth is fairly significant, which is architecturally undesirable. Also, like the pre-cast double tees, the 

restrictive dimensions of the planks prevent an even fit into a 43.667” bay length. This issue would require a 
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reorganization of the column grid, which would be undesirable from an architectural viewpoint as well, or a special 

ordering of unique plank sizes. 

 

Conclusion 

A pre-cast hollow core system is probably not the most feasible or economical option for CSM’s floor framing system.  

 

Positive     Negative 

 + Fast erection time - Long lead time 

 + 2 hour fire rating (extra spray-on fireproofing) - Thick total floor depth (32”) 

 + Carries large live loads - Possible reconfiguration of column grid 

 + Large, rectangular bays allow for lab layout - Unknown vibration effects 

  - Possible expense in ordering unique plank sizes
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System 5: Post-Tensioned Concrete Slab 

 
Framing Layout:  Loading: 

 
 Live load = 100 psf  
 Dead load (superimposed) = 25 psf 
 
Material Properties: 
 
 f’c = 5,000 psi 
 fpu = 270,000 psi (reinforcement) 
 
Special Requirements: 
 
 2-hour fire rating 
 2,000 μin/sec vibration limit 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
System Evaluation: 
 
A very basic, preliminary design was done for a PT 

system. Due to my limited knowledge of this subject, 

results may not be as accurate as they could be. 

Thus, this system will be studied at a later time when 

I have been more educated on this design method. 

 

Based on my preliminary analysis, it seems that a PT system would be worthy of further investigation. Total floor thickness is only 20” 

(including drop panels around columns). Fire rating requirements are met by the 6” concrete slab, and no further treatment is necessary. 

The system is able to handle the heavy live load and large column spacing, and the increased strength of the floor due to post-tensioning 

allows the beam spacing to increase so that no infill beams are required between columns. Also, the pre-compression within the slab 

section may help in meeting the strict vibration criteria. 

 

The laying of tendons during the construction process could potentially slow down the process. Aside from tendons though, the 

construction of the remainder of the slab is relatively fast. Additionally, because of the large jacking forces applied to the slab after 75% 

curing, safety on the jobsite is of utmost importance. It might be worthwhile to have an inspection agency onsite during post-tensioning to 

monitor the hazardous environment. 
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Conclusion 

Based on this analysis, a post-tensioned slab system is a feasible option for CSM’s floor framing system and should be 

investigated further. 

 

Positive     Negative 

 + Medium-length erection time - Formwork required 

 + Thinner floor depth (20”) - Laying of tendons is labor intensive 

 + 2 hour fire rating (extra spray-on fireproofing) - Extra safety procedures required on the job site 

 + Carries large live loads  

 + Large, rectangular bays allow for lab layout  

 + Vibration effects likely subdued by PT slab 
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C o m p a r i s o n   o f   S y s t e m s 

 
 

System 1 System 2 System 3 System 4 System 5

Medium

No

76 psf

Relative Cost

(Additional study required)

Yes

Long Short

S truc tu re Depth

S truc ture Weigh t

Vibration

Lead T ime

Satisfactory

Long

29" 20"

Construc tion  Di f f icu lty

Formwork

Medium Medium Medium High

Easy

F ireproofing

No YesNo

Medium-HardEasyMedium-Hard

78 psf 115 psf 63 psf

None

75 psf

Short Long

PT One-Way Slab & 
Beams

SOFP required
No additional FP 

required
SOFP required SOFP required

No additional FP 
required

Medium

32" 25" 34"

Effec t on  Column Grid None None Possible rearrangement
Possible 

Rearrangement

Composite Steel 
(existing)

One-Way Slab with 
Wide, Shallow Beams

Pre-Cast Double Tees
Pre-Cast Hollow Core 

Slab on Steel

Overall  Feasibi l i ty (existing system)
Possible for 
investigation

Few advantages over 
existing system

Few advantages over 
existing system

Should be investigated

Satisfied SatisfiedF ire Rating Satisfied SatisfiedSatisfied
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C o n c l u s i o n  
 
 
 

The preliminary designs conducted in this report were aimed to generate an understanding of basic floor framing systems and how they 

might work in the structural system of the CSM research center. The existing framing system is composite metal deck, and the four 

alternate systems studied were: one-way concrete slab with wide, shallow beams, pre-cast double tees, pre-cast hollow core slab on steel, 

and a post-tensioned one-way slab. 

 

Each framing system was designed using basic, preliminary methods and then examined for its feasibility. While none of the systems 

should be altogether eliminated, some are better than others. It appears that the existing composite system and the post-tensioned system 

hold the most potential for effective framing schemes. A PT system will lighten the floor load, decrease the floor depth, and still be able to 

carry heavy loads over long spans. A composite system is both economical and efficient, easy to construct, and makes good use of the 

tensile properties of steel in addition to the compressive properties of concrete. 

 

Further investigation of both systems will be conducted. In these studies, vibration will be examined in depth, and any ramifications on the 

building’s lateral and foundation system will be accounted for as well. After such investigations, final conclusions can be drawn. 
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A p p e n d i x 

 
 
System 1: Composite Metal Deck (existing) 
Referenced: ACI 318-05 
 
Loading:  Live load = 100 psf 
  Superimposed dead load = 25 psf 
  wu = 1.2(25) + 1.6(100) = 190 psf 
 
Materials:  f’c = 4,000 psi 
  fy = 50 ksi (beams/girders) 
  fy = 60 ksi (reinforcement) 
 
  3” metal deck, 16 gage 
  4.75” NW concrete topping 
  ¾” diameter, 6” long shear studs 
 
  W30x173, As = 51.0 in2 
  W24x55, As = 16.2 in2 
 
Special 
Requirements: 2-hour fire rating 
  2000 μin/sec vibration limit 
 
 
Check composite deck: 

wu = 1.2(25) + 1.6(100) = 190 psf 
 
From United Steel Deck Catalogue, 

Max unshored span allowed = 12.04’ for 2 span condition > 10’-6”        OK 
Max uniform live load for 10’-6” span = 400 psf > 1.6(100) = 160 psf   OK 
Fire rating: 2 hours   OK 

 
Check composite beam: 

wu = (190 psf)(10.5’)/1000 = 1.995 klf → without load factor, w = 1.31 klf 
 
Mu = (1.995 klf)(43.6672 ft) /8 = 475.5 ft-k 
 
Vu = (1.995 klf)(43.667’)/2 = 43.6 kips 
 
∑Qn = FyAs = 50(16.2) = 810 kips 
 
beff = ½(43.667’) = 21.8’ 
       OR 
       = 10.5’ → controls. 
 
arequired = ∑Qn/(0.85f’cb) = 810/(0.85)(4)(10.5 x 12) = 1.89” 
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Y2 = 7.75 - a/2 = 6.8” 
 
From Table 3-19, 

∑Qn = 810 k ≥ 810 k   OK 
фMn = 1128 ft-k ≥ Mu = 475.5 ft-k 
фVn = 251 k > Vu = 43.6   OK 
 

ILB = 4150 (for Y2 = 6.8”) 
∆max = 5(1.31)(43.667)4(1728)/[(384)(29000)(4150) = 0.89” 
∆D+L ≤ ℓ/240 = (43.667 x 12)/240 = 2.18” 
 

∆max = 0.89” < ∆D+L = 2.18”    OK 
 
 

Check girder, W24x55: 
Pu = (11.995 ksf)(43.667’)/2 = 43.6 k 
 Without load factors, Pu = 28.6 k 
 
Mu = (43.6 k)(21’)/4 = 228.9 ft-k 
 
Vu = 43.6 k/2 = 21.8 kips 
 Without load factors, Vu = 14.3 k 
  
фMp (W24x55) = 503 ft-k > Mu = 228.9 ft-k 
фVn (W24x55) = 251 k > Vu = 21.8 k 
 
∆max = 28.6(21)3(1728)/[(48)(29000)(1350) = 0.24” 
∆D+L ≤ ℓ/240 = (21 x 12)/240 = 1.05” 
 

∆max = 0.24” < ∆D+L = 1.05”    OK 
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System 2: One-Way Concrete Slab    
Referenced: ACI 318-05 
 
Loading:  Live load = 100 psf 
  Superimposed dead load = 25 psf 
  wu = 1.2(25) + 1.6(100) = 190 psf 
 
Materials:  f’c = 4,000 psi 
  fy = 60 ksi (reinforcement) 
 
Special 
Requirements: 2-hour fire rating 
  2000 μin/sec vibration limit 
 
 
One-Way Slab Design: 
Due to my limited knowledge at this point and a restriction on 
time, there are no vibration checks in the calculations below. 
Thus, members are designed based on flexure and deflection 
only, giving smaller designs than what will likely be required. 
Vibration analysis will be considered at a later date. 
 
 Minimum slab thickness 

Assuming columns are 24”x24” concrete, 
ℓn = 21’ – (2 x 12)/12 = 19’-0” 

 
From ACI 318-05, Table 9.5(a), h ≥ ℓn/28 
h ≥ (19’x12 )/28 = 9.0” → 9” slab → meets 2-hour fire rating (h = 5”) 

 
Slab Contribution 

Slab weight = 150 pcf x 9”/12 = 112.5 psf 
wslab = 1.2(112.5) = 135 psf 

 
Total Load 
wu = 190 psf + 135 psf = 325 psf 

 
Moment Values using ACI Coefficients 

At both interior supports: -M = (1/10)wuℓn
2 = (1/10)(0.325)(19)2 = 11.7 ft-k 

 At midspan: +M = (1/16) wuℓn
2 =(1/16)(0.325)(19)2 = 7.3 ft-k 

 
Required Reinforcement 

ρmax = 0.85(0.85)(4/60)[0.003/(0.003+0.004)] = 0.021 
 
Effective depth: 

d = 9” – 1” = 8”  controls 
OR 
d2 = Mu/(фρfyb(1-0.59(ρfy/f’c) = (10.6 x 12)/[(0.9)(0.021)(60)(12)(1-0.59(0.021)(60/4)) 

d = 3.4” 
 

Area of steel required per foot in top of slab: 
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Assume a = 1 
As = (10.6 x 12)/[(0.9)(60)(8-1/2) = 0.314 in2 
 
Check a = 1: 
a = Asfy/(0.85f’cb) = (0.314)(60)/[(0.85)(4)(12)] = 0.46” 
 
For a = 0.46”, 
As = (10.6 x 12)/[(0.9)(60)(8-0.46/2) = 0.303 in2 
 
As = 0.303 in2 per foot 
Use No. 4 @ 6” 
 

Area of steel required per foot at midspan: 
For a = 0.46”, 
As = (6.7 x 12)/[(0.9)(60)(8-0.46/2) = 0.19 in2 
 
Minimum As for control of shrinkage and cracking: 
As = 0.0018(12)(9) = 0.194  controls. 
 
As = 0.194 in2 per foot 
Use No. 4 @ 12” 

 
Check Shear: Shear Values using ACI Coefficients 
 Shear in end members at first interior support:  

Vu = 1.15wuℓn/2 = 1.15(0.325)(19)/2 = 3.6 kips 
 
  Shear at all other supports: 

Vu = wuℓn/2 = (0.325)(19)/2 = 3.1 kips 
 
  Allowable Shear:   

фVn = 0.75(2)√(f’c)bd = 0.75(2)√(4000)(12)(8)/1000 = 9.12 kips 
 
Vu = 3.6 kips < фVn = 9.12 kips   OK 

 
Girder Design: 
 
 Loading 
  Dead load = 112.5 psf (slab) + 25 psf (superimposed) = 137.5 psf 
  Live load = 100 psf, reduce 
   AI = 42’ x 43.667’ = 1834 sq. ft. 
   Reduction factor = 0.25 + 15/(√1834) = 0.60 > 0.4, OK 
   LL = 0.6(100) = 60 psf 
  wu = 1.2(137.5) + 1.6(60) = 261 psf 
  
 Maximum Moment 
  Mmax @ ends = wℓ2/12 = (261 x 21’)(43.667)2/12 = 870.8 ft-k 
  Mmax @ midspan = wℓ2/24 = (261 x 21’)(43.667)2/24 = 435.4 ft-k 
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Girder Size 
  ρ = 0.85(0.85)(4/60)(0.003/(0.008) = 0.0181 
  Mu = фMn 
  870.8(12) = 0.9(0.0181)(60)(bd2)[(1-0.59(0.0181)(60)/4] 
  bd2 = 12730.4 in3 
   
  For a shallow beam, try b = 3d 
  d = 16” 
  b = 50” 
 
  фMn = 875.6 ft-k > Mu = 870.8 ft-k, OK 
 
 

Note: Columns will also need to be redesigned if the analysis of this system is pursued further.
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System 3: Precast Double Tees    
Referenced: PCI Design Handbook, 6th Edition 
 
Loading:  Live load = 100 psf 
  Dead load = 25 psf 
  wu = 1.2(25) + 1.6(100) = 190 psf 
 
Materials:  f’c = 5,000 psi 
  fpu = 270,000 psi (reinforcement) 
 
Special 
Requirements: 2-hour fire rating 
  2000 μin/sec vibration limit 
 
Due to my limited knowledge at this point and a restriction on time, 
there are no vibration or deflection checks in the calculations below. 
Thus, members are designed based on flexure and deflection only, 
giving smaller designs than what will likely be required. Vibration 
analysis and deflection checks will be considered at a later date. 
 
Joist Slab Design: 
From PCI handbook, select Double Tee 128-S with 2” topping: 
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Exterior Girder Design: 
 
wu = (190 psf)(43.667’/2) = 4,148 plf 
From PCI handbook, select L-Beam 20LB32 148-S with 2”concrete topping: 
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Interior Girder Design: 
 
wu = (190 psf)(43.667’/2 + 33’/2) = 7,283 plf 
From PCI handbook, select 28IT32 158-S with 2”concrete topping: 

Page 29 of 35 



Ashley Bradford Center for Science & Medicine 
Structural Option  New York, NY 
Adviser: Dr. Andres LePage    Technical Report 2                October 29, 2007 
 
 

Page 30 of 35 

System 4: Precast Hollow Core Plank    
Referenced: PCI Design Handbook, 6th Edition 
 
Loading:  Live load = 100 psf 
  Dead load = 25 psf 
  wu = 1.2(25) + 1.6(100) = 190 psf 
 
Span:  21’-0” 
 
Materials:  f’c = 5,000 psi 
  fpu = 270,000 psi (reinforcement) 
 
Special 
Requirements: 2-hour fire rating 
  2000 μin/sec vibration limit 
 
Hollow Core Slab Design: 
From PCI handbook, select 4’-0” x 6” Hollow Core 66-S with 2” topping: 
  
 wallowable = greater than 470 psf  (for 10.5’ span) > wu = 190 psf   OK  
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Due to my limited knowledge at this point and a restriction on time, there are no vibration checks in the calculations below. Thus, members 
are designed based on flexure and deflection only, giving smaller designs than what will likely be required. Vibration analysis will be 
considered at a later date. 
 
Steel Beam Design: 
 
 Intermediate Beams (spanning 43.667’-0”): 
 Slab self-weight = 74 psf (from table above) 
 Total load = 1.2(74) + 1.6(100) = 249 psf 
 
 Flexure: 
 Mu = (249 psf x 10.5 ft)(43.667)2  = 623 ft-k 
   8 
 Deflection: 
 ∆Lallowable = ℓ/360 = (43.667 x 12)/360 = 1.45” 
 ∆L = 5(100 x 10.5)(43.667)4 x 1728/1000 ≤ 1.45” 
  384(29,000)(I) 
  I ≥ 2042 in4 

Without considering vibration, choose W24x84. 
фMn = 840 ft-k > Mu = 623 ft-k   OK 
I = 2370 > 2364   OK 

 
 ∆D+Lallowable = ℓ/240 = (43.667 x 12)/240 = 2.18” 
  ∆D+L =5(100+74 psf)(10.5)(43.667)4 x 1728/1000 ≤ 2.18” 
   384(29,000)(I) 
  I ≥ 2364 in4 
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Interior Girder (spanning 21’-0”): 
 Total load = (249 psf x 10.5’ x 43.667’)/2 + (249 psf x 10.5’ x 33’)/2 = 100.2 k at midspan 
   Unfactored: 
  PL = (100 x 10.5’ x 43.667’/2) + (100 x 10.5’ x 33’/2) = 40.3 k 
  PD+L = (174 x 10.5’ x 43.667’/2) + (174 x 10.5’ x 33’/2) = 70.0 k 
 
 Flexure: 
 Mu = (100.2)(21)  = 526 ft-k 
 4 
 Deflection: 
 ∆Lallowable = ℓ/360 = (21 x 12)/360 = 0.7” 
 ∆L = (40.3)(21)3 x 1728 ≤ 0.7” 

Without considering vibration, choose W21x62. 
фMn = 540 ft-k > Mu = 526 ft-k   OK 
I = 1330 > 662   OK 

Without considering vibration, choose W21x44. 
фMn = 358 > Mu =  300  OK 
I = 612 >  437  OK 

  48(29,000)(I) 
  I ≥ 662 in4 
 
 ∆D+Lallowable = ℓ/240 = (21 x 12)/240 = 1.05” 
  ∆D+L =(70)(21)3 x 1728 ≤ 2.18” 
  48(29,000)(I) 
  I ≥ 369 in4 
 

 
Exterior Girder (spanning 21’-0”): 

 Total load =(249 psf x 10.5’ x 43.667’)/2 = 57.1 k at midspan 
   Unfactored: 
  PL = (100 x 10.5’ x 43.667’/2) = 22.9 k 
  PD+L = (174 x 10.5’ x 43.667’/2) = 39.9 k 
 
 Flexure: 
 Mu = (57.1)(21)  = 300 ft-k 
 4 
 Deflection: 
 ∆Lallowable = ℓ/360 = (21 x 12)/360 = 0.7” 
 ∆L = (22.9)(21)3 x 1728 ≤ 0.7” 
  48(29,000)(I) 
  I ≥ 376 in4 
 
 ∆D+Lallowable = ℓ/240 = (21 x 12)/240 = 1.05” 
  ∆D+L =(39.9)(21)3 x 1728 ≤ 2.18” 
  48(29,000)(I) 
  I ≥ 437 in4 
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System 5: Post-Tensioned One-Way Slab and Beams    
Referenced: ACI 318-05 
 
Loading:  Live load = 100 psf 
 Reduced live load: 
 AI = 21’ x (43.667’ + 33’) = 1610 sq. ft. 
 Reduction factor = 0.25 + 15/(√1610)  
    = 0.62 > 0.4, OK 
   LL = 0.62(100) = 62 psf 
 
  Dead load (superimposed) = 25 psf 
  Dead load (self) = (6”/12)(150) = 75 psf 
 
 Check: LL/DL = 62/100 = 0.62 < 0.75 
  No pattern loading required  (ACI 13.7.6) 
  Total Load, w = 162 psf 

Factored Load, wu = 1.2(100) + 1.6(62) = 219 psf 
 
wpre = 0.9(75 psf) = 68 psf 
wnet = 162 - 68 = 94 psf 

 
Materials:  f’c = 5,000 psi 
   

Unbonded tendons: 
0.6” diameter, 7-wire strands 
A = 0.217 in2 
fpu = 270,000 psi 
 
Estimated pre-stress losses = 15 ksi      (ACI 18.6) 
 
Effective stress in steel: 

fse = 0.7(270 ksi) – 15 ksi = 174 kips    (ACI 18.5.1) 
Peff = A(fse) = (0.217)(174) = 37.8 kips / tendon 

 
Special 
Requirements: 2-hour fire rating 
  2000 μin/sec vibration limit 
 
System Geometry:  ℓ = 21’-0” 
  ℓn = 19’-0” assuming 2’-0” x 2’-0” columns 
  ℓtributary = 43.667’/2 + 33’/2 = 38.33’ 
 cover = ¾” (restrained slab, 2-hour fire rating)  (IBC 2006) 
 
 
Due to my limited knowledge at this point and a restriction on time, there are no vibration or deflection checks in the calculations below. 
Thus, members are designed based on flexure and deflection only, giving smaller designs than what will likely be required. Vibration 
analysis and determination of deflection will be considered at a later date. 
 
Post-Tensioned One-Way Slab Design: 
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Preliminary Slab Thickness 
h (slab thickness) → ℓ/h = 45 

  h = 21(12)/45 = 5.6 
  h = 6” preliminary slab thickness 
 
Section Properties 

A = bh = (12)6) = 72 in2 
 

Allowable Stresses 
f’c = 5000 → β1 = 0.80 ………………………………………………….. (ACI 10.2.7.3) 
f’ci = 3000 psi 

 
Stresses in concrete at time of jacking: 

Compression = 0.6f’ci = 0.6(3000) = 1800 psi …………………. (ACI 18.4.1a) 
Tension = 3√f’ci = 3√3000 = 164 psi ………………………….. (ACI 18.4.1b) 

 
 Stresses in concrete at service loads: 

Compression = 0.45f’c = 0.45(5000) = 2250 psi ……………….  (ACI 18.4.2a) 
  Tension = 6√f’c = 6√5000 = 424 psi ………………………….. (ACI 18.4.2b) 
 
 Since ft = 424 ≤ 7.5√f’c = 530, Design as Class U. ……………. (ACI 18.3.3) 
 
Tendon Profile: 

Parabolic shape: Tendons will typically be located at the highest allowable point at the interior columns, the lowest 
allowable point at the midspans, and the neutral axis at the anchor locations. See figure below. 
 
 
 
 
 
 
 
 
 
 

Courtesy of: Portland Cement Association Concrete Design Resources 
 

   Tendon Ordinate  Tendon Location (center of gravity) from bottom of slab 
   Exterior support: anchor   3.0” 
   Interior support: top    5.0” 
   Interior span: bottom   1.0” 
   End span: bottom    1.75” 
 

aint = 6 - 1.25”  = 4.75” 
   aend = (3.0 + 5.0)/2 – 1.75 = 2.25” 
 
   The eccentricity, e, is the distance from the center of the tendon to the neutral axis. 

It varies along the span. 
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Calculation of Stresses 
 
 
 
 
 
 
 
   

Span 1  Span 2  Span 3  Span 4  Span 5 
Wpre (psf)  68 psf  68 psf  68 psf  68 psf  68 psf 
Mpre (ft-k)  3.7 ‘k  3.7 ‘k  3.7 ‘k  3.7 ‘k  3.7 ‘k 

a (in)  2.25”  4.7”  4.7”  4.7”  2.25” 
F (kips)  19.7 k  9.4 k  9.4 k  9.4 k  19.7 k 
F/A (psi)  273.6  130.5  130.5  130.5  273.6 
   
 Check: 273.6 > 125 psi min (ACI 18.12.4) 
            < 300 psi max 
 
  130.5 > 125 psi min (ACI 18.12.4) 
            < 300 psi max 

    
   OK 
 
 Required Tendons 
  
 19.7 k/ft x 38.33 ft = 755 k 
 Areqired = 755 k / 270 ksi = 2.8 in2 

 Number of Tendons = 2.8 / (0.217 kips / tendon) = 12.9 
  Use 13 tendons spanning the short direction (21’-0”). 
 
Check Punching Shear 
 Vc = 4√f’c(bod) = 4√(5000)(28.75 x 4)(4.75) = 154.5 kips 
 фVc = 0.75(154.5 k) = 115.9 kips 
 
 Vu = (21’ x 38.33’)(219 psf) = 176.3 kips 
 
 Since фVc < Vu, drop panels are required. 
 
 фVc needed = 176.3 k / 0.75 = 236 kips 
  236 k = 4√(5000)(bo)(4.75) 
  bo = 175.7” 
 
  175.7” = 4(b + d) → If b = 24”, d = 20” 
   20” - 6” slab = 14” drop panel 
 
 Need minimum 14” drop panel at each column, assuming 24” x 24” columns.  


