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Executive Summary:

The overall objective of this technical report is to study the existing floor system and three alternative floor
systems for the Columbia University Northwest Science Building. The existing design of the building is a
composite steel structure. See Figure I, “Typical Structural Floor Plan”, below.

B.Y

AH

Figure |: Typical Structural Floor Plan

The red circled area in the figure above represents a typical laboratory bay. These laboratory bays have large 40
foot spans. The spans are made by castellated beams. The slab is a concrete topping on corrugated metal decking.
The beams, decking, and concrete topping are all part of the composite structure. This typical laboratory bay will
be looked at closely throughout this technical report. Laboratories take up the most area within the building;
therefore, the floor system design of these laboratory bays can be a determining design concern. A typical bay is
depicted below as Figure 2. Take note of the outer bay dimensions.
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2') 61’

40’ 41’

Figure 2: Typical Laboratory Bay
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The existing floor design will be discussed and checked, along with three alternative floor systems listed below.

e Alternative Floor System |: Composite Joist Floor System

e Alternative Floor System 2: Two-Way Post-Tensioned Slab Floor System

e Alternative Floor System 3: Precast Hollow-Core Planks on Steel Floor System

Each floor gravity system was designed based upon preliminary calculations of stresses, moment, shear, and
deflection requirements along with common rules of thumb. See Table | below for a summary of design results on

each of the floor systems.

Table I: Floor System Design Results

Existing c Alternative 2 Alternative 3
Floor system (Composite Steel, ?Itern:ﬂv? tl (Two-Way Post (Precast Hollow-Core
Castellated Beams) (SR ) Tensioned Slab) Planks on Steel)
Slab Depth 8" 6" IR g
Main Member Depth s Iz 1" 24”
*(42” Opening in Web) *(Provides for 13”x13” Ductwork)
Estimated Cost $51.02/ft? $39.50/ft? $30.23/ft? $35.50/ft?
Structure Weight 156.4 PSF 102.0 PSF 145.0 PSF 113.0 PSF
; Provided by Provided by Concrete,
Fireproofing Spray-On Spray-On Concrete Steel Needs Fireproofing
Durability Fair Moderate Great Great
Deflection (D+L) 0.79” 1.06” Omitted — (Minimal) (Cam!,;?,%;ded)
Vibration Concerns Minimal Moderate Minimal Moderate

The above criteria were all tabulated and researched. Each system was given a point value (I-5), estimated by the

author, for each condition. These point values were added to give each floor system a total point value, with a
maximum point value of 35. See Graph | below comparing the floor systems’ total point values.

Graph I: Floor System
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From research and comparisons, it was determined that the Composite Joist and Hollow Core Plank Floor
Systems appear to feasible alternative designs for the Northwest Science Building.

Note: The graph and table results above are further compared, in the “Comparison of Systems” section at the

end of this report.

*Thank you to Turner Construction Company for providing the necessary documents, information, and images necessary for this Architectural
Engineering Senior Thesis, Technical Report 2.
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l. Existing Structural System

Figure 3: Structure Rendering

Note: For additional descriptions and
images on the existing structural
system, please see Technical Report |
on the Columbia University Northwest
Science Building.

I. Foundation
The foundation consists of concrete piers, footings, column spread footings, and grade beams.

The concrete piers coincide with the sub-cellar and cellar foundation walls. These piers range in cross sectional
size from 2’-0” x 3’-0” up to 5’-0” x 8’-0”. These piers are required to be normal weight concrete with a concrete
compressive strength (fc) of 6000 PSI.

The footings support the exterior foundation walls. These footings span the distance between the concrete piers.
The column spread footings support mainly interior columns and a few exterior columns. The spread footings
vary in size. A large spread footing for this project is considered a 9’-0” x 9’-0” with a 5’-6” depth, while a smaller
spread footing is 4-6” x 4’-6” with a 2’-6” depth.

Two grade beams are used in the foundation of the building. These grade beams are used to provide a resistance
to lateral column base movement. One of the grade beams used is 80’-6” long and has a cross section of 3’-0” x
3’-6”. The other is smaller in cross section and length and spans in the opposite direction.

2. Floor System

The building’s floor system changes dramatically from level 500 to level 600. This is due to the buildings 126 foot
clear span. The building spans over an existing structure, the Dodge Physical Fitness Center. This clear span
allows for the continued use of the center, with minimum demolition to its existing structure. Due to this
dramatic change in floor area from level 500 to level 600, two floor plans of the structure will be discussed. These
floor plans will be discussed as Typical Floor Plan | and Typical Floor Plan 2.

A. Typical Floor Plan | (Levels 100 to 500)

This floor system is a composite steel structure. The beam spanning consists of wide flange shapes. Spanning
across from beam to beam is corrugated steel decking with concrete topping, both shear studded to the wide

|
Pennsylvania State University Page 5 of 45



Jonathan R. Torch Technical Report 2 Columbia University
Structural Option Northwest Science Building
|

flanges. The concrete slabs are designated a concrete compressive strength of 4000 PSI. Slab thickness and
the use of normal and lightweight concrete vary throughout the structure.

B. Typical Floor Plan 2 (Levels 600 to 1400)

This floor system is also a composite steel structure and also uses wide flange shape spanning. However,
another spanning member is introduced because of longer clear spans needed for large laboratory spaces.
These members are castellated beams, also known as cellular beams. They are typically about five foot deep
and allow for 40 feet clear spans in the labs.

3. Gravity System

As mentioned, the building structure has a clear span of 126 feet occurring at level 5. The structure uses three
wide-flange made steel trusses. These trusses are located on the three main longitudinal frames of the structure.
See Figure 4, “Longitudinal Frame Elevations”, below.

& Level Location of Steel Trusses

Grid A Grid € Grid D

Figure 4: Longitudinal Frame Elevations

Grid A and Grid D are the exterior frames, while Grid C is the middle longitudinal frame. As shown, each frame
has a single story truss (purple shaded). These trusses can be comparable in size to most civil, steel-bridge
structures. Grid C frame has continuous diagonal members over the full height of the structure. These diagonal
tension members, bring the gravity load diagonally up and over to the far edge columns.

4. Lateral System

The lateral system utilizes diagonal wind bracing, wind girts, a composite floor system, moment connections, and
wide flange beams and columns.

The diagonal wind bracing elements are made up of W14 members and the wind girts are HSS shaped members.
A typical HSS member size used is a 9x3x1/2. The wind girts allow wind to be distributed into the structure at the
mezzanine levels, which are in between each main level. The lateral load is first distributed into the building by
beams, wind girt members, and the composite floor system. It is then distributed downwards into diagonal
bracing, moment connections and columns, until it reaches the foundation of the structure.

|
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Il. Codes & Design Requirements:

The following codes were used by the design team engineers of the Columbia University Northwest Science
Building.

e “International Building Code 2006” — International Code Council
e “ACI 318-05 Manual of Concrete Practice” — American Concrete Institute
e  “Manual of Steel Construction 9" Edition” — American Institute of Steel Construction, Inc.
e “ASCE 7-05 Minimum Design Loads for Buildings and Other Structures” — American Society of Civil Engineers
e  “New York City Building Code & Regulations”
e “New York City Construction Code”
e  Building Movements
O Floor Beams
= D <L/360 (Live Load)
= D <L/240 (Live Load + Superimposed Dead Load)
= D <2” (Live Load + Superimposed Dead Load)

The following codes were used by the author of this technical report.

e “International Building Code 2006” — International Code Council
e “ACI 318-05 Manual of Concrete Practice” — American Concrete Institute
e  “Manual of Steel Construction 9" Edition” — American Institute of Steel Construction, Inc.
e “ASCE 7-05 Minimum Design Loads for Buildings and Other Structures” — American Society of Civil Engineers
e Building Movements
O Floor Beams

= D <L/360 (Live Load)

= D £ L/240 (Live Load + Superimposed Dead Load)

= D <£2”(Live Load + Superimposed Dead Load)
e Standard Specifications for Composite Steel Joists — |** Edition — Steel Joist Institute
e PCI Design Handbook — 6™ Edition — Prestressed Concrete Institute

Since, the Northwest Science Building was also designed with New York City Codes, values and member sizes
determined can vary slightly. This will depend on the differences of code requirements within the New York City
Building and Construction Codes.
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II. Dead & Live Loads:

The following gravity loads were determined from ASCE 7-05 by the design team engineers and the author. Note
the differences in loads used by the author.

I. Floor Dead Loads:

Table 2: Dead Loads

. Used by Design Used by

Load Type Weight Team Author
Normal Weight Concrete 150 PCF Yes Yes
Lightweight Concrete 120 PCF Yes Yes
Steel 490 PCF Yes Yes
M.EP 10 PSF No ‘ Yes

(Used 25 PSF for Ceiling and Services)
Finishes & Miscellaneous 5 PSF Yes Yes
Partitions 10 PSF No Yes
(Used 20 PSF for Partitions)

2. Floor Live Loads:

Table 3: Live Loads

Type of Space PSF UsedTbg'a:‘esugn Used by Author
Offices 50 Yes Yes
Mechanical 150 Yes Yes
Library — Stack Rooms 150 Yes Yes
Library — Reading Rooms 60 Yes Yes
Corridors above |** Floor 80 Yes Yes
Lobbies & 1** Floor Corridors 100 Yes Yes
Roof 20 Yes Yes
Classrooms 40 Yes Yes
Laboratories 100 Yes Yes
Stairs & Exit Ways 100 Yes Yes

|
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1v. Existing Floor System (Composite Steel Floor System w/ Castellated Beams)

Description:

The laboratory’s floor system consists of castellated steel beams. They are 4-6” deep and span 40 feet long. See
Figure 5, “Typical Castellated Beam”, below.
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/™ TYPICAL LB50: CELLULAR BEAM
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Figure 5: Typical Castellated Beam

Spanning from beam to beam is a 6” normal weight concrete slab topping on 2”-18 GA composite metal decking
(8” total slab thickness). This floor system is composite. The shear studs are bonded to the concrete slab and
welded to the metal decking and castellated beam members. The 40 foot spans have 20 shear studs used along the
length of each castellated beam. The castellated beams require a chemical spray-on substance for adequate fire
protection (2 hour rating).

Advantages:
Advantages of this floor system are listed below.

e Castellated beams are known to be light and strong. They have a great span to weight ratio, which works
for this longer span design.

e  The circular openings in the beams are great for electrical and mechanical systems. Laboratory spaces
usually require more mechanical ductwork and electrical conduit. These beams provide an easy access
design for the mechanical and electrical engineers, with moderate installation difficulty for the
construction crew.

e Castellated beams are known to be visually pleasing. Many architects like the aesthetic value of these
beams.

e Composite floor system provides stiffer spans reducing overall deflections and vibrations.

Disadvantages:
Disadvantages of this floor system are listed below.

e In the United States castellated beams are known to have high cost fabrication.

e  Shear capacity is limited due to the loss in shear area, where the circular openings are located. This may
also limit longer spanning and heavier load supporting.

e Castellated beams respond poorly in a floor system where there is a large amount of concentrated loads.

e  Fireproofing is not built into the beam members. Spray-on or concrete fireproofing is needed, which will
cause an additional fee.

|
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Design for Northwest Science Building:

This floor system wasn’t designed by the author because it is the existing engineered team design. However, the
dead and live load deflection along with an estimated square foot cost was calculated for comparison with the
alternative floor systems. Also, moment and shear checks were performed.

*All of the calculations can be found in Appendix A at the end of this report.

See the “Existing Laboratory Bay Design”, Figure 6, below.

40'-4"
|—| LB50x169 <20> |—|
LB50x169 <20>
) s
v v
g 72" g 216"
i X
hagy o™
= LB50x169 <20> =
|—| LB50x169 <20> |—|
Figure 6: Existing Laboratory Bay Design
The following Table 4 reviews the floor system’s main characteristics.
Table 4: Existing Floor System Review Table
Design Concern Notes %
Beam Deflection (D + L) 0.79” 5
Estimated Floor System Cost $51.02/ft> 2
Fire Protection & Rating Spray-On (Labor Cost Fee) 3
Durability Fair Durability 4
Average Dead Weight of Bay 156.4 PSF 3
Limited Vibration Concerns
Vibration Concerns Long slender steel members are vulnerable to vibrations, however, composite 5
design will stiffen floor reducing overall vibrations.
Minimal Depth Concerns
Depth Concerns The use of Castellated Steel Beams allows plenty of mechanical and electrical 5
space.
Total Points 27

|
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Design Considerations:
Structural:

Composite steel design is well known and seen within the New York City area. This existing system, with
its castellated beams, and composite action (concrete slab compressive strength utilized), provides a
system that is fairly light and spans the required 40 feet.

Vibrations of this floor system are complex in nature and therefore were not assessed under the scope of
this report. However, with the 4-6” depth of the castellated beams, along with the 8” slab and composite
action, it can be assumed that vibrations will be limited.

Construction:

Composite steel construction is well known and seen throughout the New York City area. This system is
quick to construct, however a proper amount of lead time must be determined for the fabrication of the
castellated beam members. The fabrication of these castellated members will be costly, along with the
required spray-on fireproofing,

Architectural:

As previously stated in the “Advantages” section on the previous page, castellated beams provide an eye
pleasing design. The circular openings give a unique feel to the floor system, and are also effective for
mechanical ductwork and electrical conduit access.

|
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V. Alternative Floor Systems:

I. Alternative Floor System | (Composite Joist Floor System)
Description:

This floor design is a one way system. The top chord of the joists and concrete slab are shear connected to
produce composite action. This system works very similarly to the castellated beam existing system. The joists
used are CJ-Series, composite joists, which are 32” deep and are spaced 5’-5” apart. The joist depth allows
ductwork of 13” x 13” to pass safely through its openings. For the proper amount of composite action, composite
metal decking is used, along with 28 — /2" diameter shear studs along the span of each joist.

Advantages:
Advantages of this floor system are listed below.

e Mechanical and electrical systems can run through joist openings.
e Composite design allows for spanning of greater distances.
e Composite design creates a stiffer floor system, which limits live load deflections.

Disadvantages:
Disadvantages of this floor system are listed below.

e Regquires fire proofing (typically spray-on), which requires demanding labor and is costly.
e Joist floor systems are known to have vibration issues.
e  Fabrication of joist members requires lead time.

Design for Northwest Science Building:

B
S

CJ-SERIES COMPOSITE JOIST 32" - (28 - " STUDS)

515"

CJ-SERIES COMPOSITE JOIST 32" - (28 - £ STUDS)
5.5"

CJ-SERIES COMPOSITE JOIST 32" - (28 - 3" STUDS)

21-6"

55"

CJ-SERIES COMPOSITE JOIST 32" - (28 - }* STUDS)
5'-5"

CJ-SERIES COMPOSITE JOIST 32" - (28 - " STUDS)

- -

NORMAL WEIGHT CONCRETE SLAB
TOTAL THICKNESS = 6"

fec=4KSI

COMPQSITE STEEL DECKING

Figure 7: Composite Joist Floor Design
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The following Table 5 reviews the floor system’s main characteristics.

Table 5: Alternative Floor System | Review Table

Design Concern Notes %
Beam Deflection (D + L) 1.06” 4
Estimated Floor System Cost $39.50/ft> 3
Fire Protection & Rating Spray-On (Labor Cost Fee) 2
Durability Moderate Durability 3
Average Dead Weight of Bay 102 PSF 5
. q Moderate Vibration Concerns
Vibration Concerns . o 3
Joist Floor Systems known for vibrations.
Minor Depth Concerns

R 13” x 13” ductwork o';enings provided in joists. 4

Total Points 24

Design Considerations:
Structural:

Deflection is limited to 1.06” for dead and live service loads. This deflection was attainable by introducing
another joist member in each bay. The tributary area became 5’-5” for the joist system, compared to 7’-
2” for the existing system. It was assumed that this composite joist system will have moderate vibration
concerns. Joist floor systems are known to have vibration problems. Even though the composite action
will make a stiffer floor and reduce vibrations, the author still feels vibrations will occur.

This floor design weighs less than the existing system. With this reduction in weight, there could possibly
be a reduction of the overall cost of the structure. A large cost comes from the 126-foot long trusses.
These trusses could possibly be reduced in material with less dead load. However, this joist system was
designed solely based on gravity load, and it is unknown if lateral loads will cause the design to have an
increase in overall dead weight.

Construction:

This floor system can be erected efficiently and quickly by New York City construction workers. It is
very similar to wide flange composite construction. The joist members are slightly more difficult to erect
into place. Fabrication of these joist members will require proper lead time. Additionally, the joist
members will need to be fireproofed. A spray on material or suspended ceiling can be used. Both will
increase construction and material costs.

Architectural:

Architecture of the building would be very similar to the existing design. The joist members work
similarity to the castellated beam members, allowing mechanical/electrical access. Using joist members
introduces more diagonal members which correlates with the rest of the structure.

|
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2. Alternative Floor System 2 (Two-Way Post-Tensioned Slab)
Description:

This system is a two-way flat plate that is post-tensioned. The post tensioning comes from 2", 7-wire tendons.
These tendons span in both directions within the typical laboratory bay. The tendons that span in the long
direction (40’-4”) are uniform throughout the | 1” slab, while the tendons in the short direction (21’-6”) are
banded closer together within the column strip. The purpose of the tendons is to introduce compressive stresses
in the concrete to reduce tensile loads on the floor system.

Advantages:
Advantages of this floor system are listed below.

¢  Floor depth can be decreased dramatically.

e Can design post-tensioning to control defection and vibration control.

e Longer spans are possible using post-tensioning rather than just reinforced concrete spanning.
e Concrete will provide adequate fire protection and rating.

Disadvantages:
Disadvantages of this floor system are listed below.

e New York City contractors are unfamiliar with post-tensioned floor systems.
e Field post-tensioning can be very dangerous and extra safety measures must be taken.

e  Formwork is required with post-tensioned slab construction.

Design for Northwest Science Building:

404"

(13)#5 @ TOP (13)#5 @ TOP [~

S

(11) #4 @ TOP
(11) %4 @ TOP

(30) 2", 7-WIRE UNIFORM STRANDS

21-6"

(13) I, 7-WIRE STRANDS
(13) ", 7-WIRE STRANDS

N\ 11" THICK, 5000 PSI CONCRETE

(NORMAL WEIGHT)

(1) #4 @ TOP

v

(13)#5 @ TOP (13)#5 @ TOP Lo
Figure 8: Post-Tension Floor Design

’-';1 (11) #4 @ TOP
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The following Table 6 reviews the floor system’s main characteristics.

Table 6: Alternative Floor System 2 Review Table

Design Concern Notes %
Minimal Deflections — (Calculations Omitted)
Beam Deflection (D + L) PT floor systems are known to have limited deflections that can be 4
controlled through design.
Estimated Floor System Cost $30.23/ft 5
q q q Built-In (Great)
RicfhrotecHoni Reting I1” Concrete Slab provides adequate 2 hour fire protection. 5
Durability Very Durable 5
Average Dead Weight of Bay 145 PSF 2
Vibration Concerns Minimal Vibration Concerns 4
11" Slab Thickness (from L/H = 45) should limit vibrations.
No Depth Concerns

Depth Concerns 11"’ Flat Plate Slab provides a large amount of vertical space. 5

Total Points 30

*All of the calculations for this floor system design can be found in Appendix C at the end of this report.

Design Considerations:
Structural:

Deflection and vibration calculations have been omitted for this floor system due to its complexity.
Vibrations and deflections are assumed to be of minimal concern because of the | 1” slab design obtained
from design requirements of L/H = 45.

The use of post-tensioned slabs will be more efficient than just a concrete reinforced floor structure.
Post-tensioned floor slabs are more efficient for longer spans. They also weigh less than a typical
reinforced concrete slab. Dead weight is a very important concern for the Northwest Science Building,
due to its long clear span of 126 feet over the existing fitness center. The less the dead weight of the
structure, the more economical and cost efficient it will be. However, the building can’t be designed
entirely of a concrete structure. The 126 foot clear span certainly calls for additional steel spanning and
bracing.

Construction:

One main concern of construction is the inexperience of New York City construction crews with post-
tensioned floor systems. However, a post-tensioned floor system could be possible with an experienced
construction crew, and with a feasible design of steel spanning/bracing at the 126-foot clear span level.

Architectural:

Architecture of the building would change dramatically from the existing design. A post-tensioned system
would be a new site to see for New York City residents. It wouldn’t fit in with existing structures of
Manhattan.

|
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3. Alternative Floor System 3 (Precast Hollow-Core Planks)
Description:

This system uses precast hollow-core planks as the main floor spanning element. Each hollow core is 4 feet wide.
These planks will span the short direction of the typical laboratory bay. The 40’-4” long direction of the bay will
need to be reduced to 40’-0” to fit |0 planks across. These floor planks will be supported by W24x146 members,
spanning in the opposite direction. The precast hollow-core used is depicted below (Figure 9).

Figure 9: Hollow-Core Plank Section

| ’

]

DESIGN CRITERIA

n . L a e e e A R R T P T R DI Loty flc=5000ps|

g Normal Weight Concrete

& Self Weight of Plank (74 PSF)
L] L L L] L] L] L] L]

Superimposed DL =25 PSF
Live Load = 100 PSF

Advantages:
Advantages of this floor system are listed below.

e Planks are prefabricated and can be erected quickly.

e Precast concrete can be a very sustainable floor system.

e  Concrete planks provide adequate fire protection and rating.
e  Planks can be designed to be fairly thin in depth.

Disadvantages:
Disadvantages of this floor system are listed below.

e  Prefabrication can require long lead times.
e Bay dimensions are dependent upon planks width. (can’t design with irregular spanning)
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Design for Northwest Science Building:

40
W24X146

I T T I e
Lo Ny
W24X146

PRECAST HOLLOW CORE PLANKS

SPANNING 21'-6"

4'-0" X 6" 96-S

(9 STRANDS, 6/18" DIAMETER)

Figure 10: Precast Hollow Core Floor Design
The following Table 7 reviews the floor system’s main characteristics.
Table 7: Alternative Floor System 3 Review Table
Design Concern Notes %
Beam Deflection (D + L) 1.92 in (will require cambering) 2
Estimated Floor System Cost $35.50/ft 4
q q q Built-In (Great)
SisiiiotecHonis R tiye Concrete Planks with 2” topping, provides adequate 2 hour fire protection. 4
Durability Very Durable 4
Average Dead Weight of Bay 113 PSF 4
q q Unknown Vibration Concerns
Vibration Concerns . o 3
Plank research and studies on vibrations is limited.
Minor Depth Concerns
Depth Concerns At the W24 girders, mechanical and electrical systems will have to be 3
coordinated appropriately.
Total Points 24

*All of the calculations for this floor system design can be found in Appendix D at the end of this report.

|
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Design Considerations:
Structural:

Composite connections will need to be implemented into this design. The precast slabs will need to be
tied appropriately to the wide flange members. If composite floor design is not realistic, a sufficient
amount of additional moment connections will need to be designed and constructed.

This design does not change the steel structure dramatically. Steel member spanning still takes place with
this design. This floor system design will utilize the steel spanning/bracing at the 126 foot level span with
minimal connection differences from the existing structure.

Construction:

Precast hollow planks are quick and easy to construct. The concrete plank design with 2” topping
provides adequate fire resistance, and only fire proofing of the wide flange members needs to be applied.
This will reduce labor cost and the construction timeline. The planks can also be used as a flat finished
ceiling.

Precast hollow plank floor systems are not typically used in New York City. However, there is a lot less
variables during construction than with a post-tensioned floor system. New York City construction
workers would be able to adjust to this type of construction fairly easy.

Prefabrication of wide flange cambering and planks will need to be coordinated appropriately so
construction timeline is not affected.

Architectural:

Column grids need to be placed on 4 ft increments due to the use of 4 foot wide planks. This could cause
some architectural space compromising. This design will require substantial structural and architectural
coordination.

|
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Below is Table 8, which reviews each floor system’s characteristics. Also below, is Graph |, which summarizes the

total point values, obtained by the author. Following the table and graph is a discussion on each characteristic,
further explaining how each system compares against one another.

Table 8: Review of Floor Systems

Existing : Alternative 2 Alternative 3
Floor system (Composite Steel, gltern.z:tlve. tl (Two-Way Post (Precast Hollow Core
Castellated Beams) (Composite Joists) Tensioned Slab) Planks on Steel)
Slab Depth 8” 6” M 8”
Main Member Depth N 5‘_1"_ o 3%" ) I 24”
*(42” Opening in Web) *(Provides for 13”x13” Ductwork)
Estimated Cost $51.02/f¢ $39.50/f¢ $30.23/f¢ $35.50/f¢
Structure Weight 156.4 PSF 102.0 PSF 145.0 PSF 113.0 PSF
Ef:ﬁ:n:nézljtmg N/A None None Minimal
Construction .
Difficulty Easy Medium Hard Easy
Lead Time Long Medium Short Long
Fireproofing Spray-On Spray-On Built-In Semi Built-In
?SiT)De"e“w“ 0.79” 1.06” Omitted — (Minimal) 1.92”
Impact on Building N/A No Yes No
Foundations
Floor System Viable? Yes Yes No Yes
Graph I: Floor System Totals
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5
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Slab Depth & Main Member Depth:

Each floor system has comparable slab depths. However, it must be noted that the Post-Tensioned System has a
maximum floor depth of | 1” (flat plate slab), while the others are governed by main member spanning.

The Existing System and the Composite Joist System have deep members, however these members allow for
plenty of plenum space. Also, the mechanical ductwork and electrical conduit can be supported and tied directly
to the Joist and Castellated members. While, the Hollow Core System and Post-Tensioned System will require
additional structural support for mechanical/electrical.

Estimated Cost:

The Existing System ($51.02/ft?) and the Composite Joist System ($39.50/ft?) have the greatest estimated cost per
square foot. This is due to prefabrication costs. The Hollow Core System follows with a $35.50/ft> estimated
cost, which is lower because of material cost, but still higher than the Post-Tensioned System ($30.23/ft?) due to
fabrication cost.

Structure Weight:

Structure weight of the Northwest Science Building is of great concern. Due to its large 126-foot clear span over
the Dodge Fitness Center, dead loads must be limited properly. Floor systems will vary in weight depending on
the material used. It is important to look at a floor systems dead weight on a structure.

It is surprising that the existing structure currently weighs the greatest (156.3 PSF). However, this is due to large 5
foot deep castellated steel members. These members create reduced weight with circular openings, but there
weight is still substantial.

The Hollow Core System weighs the least (I 13 PSF). This is significant. If hollow cores were used, the structure
dead weight would reduce considerably. Also, the Hollow-Core System design utilizes steel beam spanning. This
will allow for easy connection and distribution of loads for the 126-foot clear span at level 5 of the structure. The
Composite Joist System will also provide easy connection and distribution of loads into the existing trusses at level
5.

Effect on Existing Grid:

The only floor system that has an effect on the existing grid is the Hollow Core Slab. Since, each hollow core
plank is 4-0” wide, the spans will need to be an increment of 4-0”. With additional and proper coordination of
the structural engineer and architect, this can be resolved.

Construction Difficulty:

The construction difficulty was considered based upon New York City construction crew experience. Their
experience generally falls under steel construction. Therefore, it was assumed an easy construction difficulty of
the Existing System along with the Hollow Core System (on steel). A medium difficulty of the Composite Joist
System was assumed because this type of construction is still fairly new. Hard construction difficulty was given to
the Post-Tensioned system due to New York City construction crew inexperience.

Lead Time:

Long and medium lead times were given to the systems that required fabrication of main floor members. These
included the Existing System, Hollow Core System, and Composite Joist System. The only system that requires a
short lead time is the Post-Tensioned System.

|
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Fireproofing:

Fireproofing was considered based upon if the system has built-in characteristics of fireproofing, or if additional
fireproofing would need to be applied. The Post-Tensioned System and the Hollow-Core System will use their
existing concrete for a two hour fire rating. While, the Existing System and the Composite Joist System will
require an applied fireproofing, which adds additional material and labor cost to the project.

Deflection (D+L):

All floor systems meet deflection requirements. However, meeting deflection requirements is not enough for the
Northwest Science Building laboratories. These laboratories will contain a lot of equipment, and important
research will be performed here.

The Existing System has the least amount of deflection. This limited deflection could have been due to an
additional owner request. The Composite Joist System and the Post-Tensioned System deflections follow, while
the Hollow Core System has the greatest deflection of 1.92”.

Impact on Building Foundations:

The Composite Joist and Hollow-Core Systems are assumed to have no impact on the existing foundations. Their
estimated dead weights are both 25% less than the Existing System. On the other hand, the Post-Tensioned
System is only 7% less than the Existing System. The Post-Tensioned system when designed for lateral loads will
most likely increase in dead weight. This increase will cause a need for larger foundations.

|
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Conclusions:

After reviewing all of the floor systems it can be seen why the Existing System was used. Below is a list of 3 main
reasons why the author believes this system was chosen by the design team.

e Composite steel structures are very common to New York City and construction workers.

e  The castellated beams provide adequate mechanical and electrical space, while limiting some of the dead
weight.

e The composite action will limit deflections and vibrations within the laboratory spaces, which is critical.

However, arguments can be made for the use of the Hollow Core System and Composite Joist System.
Hollow Core System:
Below is a list of 3 reasons why the system is feasible for the Northwest Science Building.

e System dead weight is less than the existing floor system.
e Estimated cost is less than the existing floor system.
e Hollow Core slabs are very durable and the planks have built-in fire protection.

Composite Joist System:
Below is a list of 3 reasons why the system is feasible for the Northwest Science Building.

e System dead weight is less than the existing floor system.
e Estimated cost is less than the existing floor system.
e Architecture (diagonal members) correlates to rest of existing building design.

Post-Tensioned System:

The Post-Tensioned System was eliminated as a viable floor system. This was solely due to its dependency on
concrete material usage. The Northwest Science Building requires steel spanning for a 126-foot clear span.
Transmitting loads and detailing connections of the Post-Tensioned System to steel trusses spanning at level 5
would be extremely difficult for design and costly. Even though the Post-Tensioned system scored the highest
total point value (estimated by the author), it is important to note that this system does not fit into overall scope
of this building project.

In the future, both an in-depth analysis of the Hollow Core System and Composite Joist System would need to be
completed for further comparison.

|
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Appendix A: (Existing Floor System Calculations)

a6 ‘ 7
o7 SEM

CASTTEALATED REAM SPAW

ST FCYUENS
e
SUAR, — (USTTRE
MeEd — |1oPST™
MEMEER. STEue WY (LR ’@/»"—'?‘)
Bs(7.27) + 169 = ‘sz
Ol vE wono

lcopsF(=2.2) = 7;DI-LE/'__‘_ =

LAD COMBO.

| SR v e v 0 i L 2
\.2liczo)+ 1, 5(7.“3) = 24U 3/!—-7'- = = ‘-f-/""/r—r Sl o

"9 MoEAsT CAPRC T < NEC b, T

o= O g :;‘:‘f‘—f(tf’- 37 gl ﬂﬂ

= =
& 5]
boss= {36'(/___ ) T =6l ‘:_;LL

'Hj/_—\_ﬁ_r. j _ETEEES
bes: | [ B W e
=S= V= V((,._,\,fagm)ﬁ |/

. 797 /| ~=— (b
Vv‘%w*f”‘ B | |,,/ P jﬁ‘*‘f &
L

1‘( Lt
)

ATNE

- ,;\'l-o
D‘»@G(:« g
?:F""“",usa. o
eI
/
i

IF 227 r‘\u AL
(ConSERVATTN )

Pennsylvania State University Page 24 of 45



Jonathan R. Torch Technical Report 2 Columbia University
Structural Option Northwest Science Building

Ce=0zsTe)(8e )= 47 S
T = [H.03Csm) =Tous™">

% 86(.5" CcovTras)

Tso = 3. 25T) = (o™

Co= 8645 = 0830 )cge ) (4)
{= 295"

Hio= gels(e-2"72) +1eus( %)) +16o (4781100 )

Hro= SS2.25TT

bMo = 0, 9(550.3) = 497 FT

Mo = LG TATETEAL

A
— CLBRE HewWE E M (W e Sclvar=vs
1 Y "3_?:' L{F_?'G L)'k"lli £ ’ ASS e MTeor S SToUL cled

O SNEAML CAPASTTT ol

N = Uu.,.gy;: :{‘*f‘((‘-‘D-S Vo= Cfﬂ:‘-;}‘at-
o -

Vo= 2oy Aug Avo= (U712 41.22)(0.62)(2) = B.o4TA?

= O0,(Sp) [ B.ovz~™)

=55 R e

MF\J; (C‘),W)C}L-I(flm) = 217

= > q9.2%  acak]

]
Pennsylvania State University Page 25 of 45



Jonathan R. Torch Technical Report 2 Columbia University
Structural Option Northwest Science Building

>

B s - [ — g2 s ) e i

A _— h_;\_,\;;.ﬁ_/u ASSUWAHE
— = < VP SESTTonD =
AP T T e TeFvw= Forl. 70l ﬁ;ﬁ'\_.__ e CRarERrars )
FRC00
T St = S.30
_ IR

bess =26”

,W;g%\: Be/p g = 0.3

T = @Y A= (Flb.SX 24,5 ) T TP ETTON oF HEASRA.

Trans = (10:36) 2953 - 22.2=07
(2
y—\'-r\'g Ars & 1015‘@;/3.‘3! oh) = 20 LT %

A= Y.oz=r™

V,o.;i_(f@““’/a) F 260169+ 38 - 2-9?%) = Bi.E9?

ForeD m L aSwc URutRrdl AAZS

\() . (‘{,024 30.C)
. =<
Toa= 649+ 4,02 RU.CA— "‘“%)
& L 232.2 + 2.8 <945 205 )?

T = 462 .2 =
e LoAD A = SO Yo234¥)(728) = .22

%3\(/.?3(JJ4)(VE'BF. 3)

S T = L34 el

| ©-

A
Lty oA = SCL7)H2.33Y) (r28) = ©.797
32 29000)1C21. 3)

— L

[G717 = Yov0 = D<A

Pennsylvania State University Page 26 of 45



Jonathan R. Torch Technical Report 2 Columbia University
Structural Option Northwest Science Building

ESITiLe Flomn QXSTREAM COSYT AMMISES

= HMEANS

" HIAS g\i—&\a
26/
/S:’Q- = q OY/{IQ i —== o
VLA
\\

R /acu:r

o\

{

NYCT Coc A™Trord
AT,

‘ %‘('D;"/qu:r

e

w\ T CASTRE_UATEL REALLEARRTC Ao

]
Pennsylvania State University Page 27 of 45



Jonathan R. Torch Technical Report 2 Columbia University
Structural Option Northwest Science Building
. ___________________________________________________________________________________________________________________________________________________|]

Appendix B: (Composite Joist Floor System Calculations)
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NORMAL WEIGHT CONCRETE

DESIGN GUIDE LRFD WEIGHT TABLE FOR COMPOSITE STEEL JOISTS, CJ-SERIES
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Appendix C: (Post-Tensioned Floor System Calculations)
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Appendix D: (Hollow Core Plank Floor System Calculations)
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Strand Pattern Designation Section Properties

76-S Untopped Topped
Es straight A = 187 in? 283 in’
= e ]
Diameter of strand in 16ths { - ! : ;gg .m' 14612 :n'
No. of Strand (7) | | } ;“ = 3'00 :: 3'55 i:-
L3 = ! 0 ! .
Safo loads shown include dead losd of 10 7] T L 2* | g . 254 in? 396 in?
psf for untopped members and 15 psf for { ro O O O O O O OLI _l 6" S:‘ = 254 in.’ 425 in.*
topped members. Remainder is live load, '1'_ e e wt = 195 pif g5 o

Long-time cambers include superimposed . =
dead load but do not include live load DL = 49 psf ' |
g : Vis= 173 in. —

Capacity of sections of other configurations f¢ =5,000 psi ’

are similar. For precise values, see local fpu — 2?0,000 psl

hollow-core manufaclurer.

Key
444 - Safe superimposed service load, psf
0.1 — Estimated camber at erestion, In.

0.2 - Estimated long-time camber, in.
i 4HCH |
Table of safe superimposed service load (psf) and cambers (in.) No Topping
Strand Span, ft
DES}gllﬂﬁuu
Code 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
444 382 333 282 238 203 175 151 131 114 100 B8 77 6B 59 52 46 40 33 28
66-5 01 02 D2 02 02 02 02 02 02 02 02 02 01 00 -01 -02 -04 -05 =07

02 02 02 02 03 03 02 02 02 01 01 00 -01 -03 05 —07 09 4.2 45 -1.9

445 388 328 278 238 205 178 155 136 120 105 93 82 73 65 57 49 42 38 3
76-S 02 02 02 03 02 03 03 03 03 03 03 02 02 01 01 00 -04 -03 -04 -0.6
03 03 03 03 032 03 03 03 03 02 01 00 -01 02 04 -07 -0.8 -1.2 -16 -2.0
466 421 386 338 202 263 220 201 177 157 139 124 110 99 B8 78 68 60 53 46
96-5 03 03 03 04 04 04 05 05 05 05 05 05 05 05 04 03 03 01 00 -01
03 04 04 05 05 05 06 06 06 05 05 04 03 02 01 -01 -03 -06 08 -1.3
47B 433 398 362 322 290 264 240 212 188 167 143 134 119 107 95 B85 76 68 60
87-S 03 04 04 05 05 06 06 07 07 07 07 O8 08 07 07 07 06 05 04 03
04 D5 05 06 07 OF 07 08 0B 08 0B 07 07 06 05 03 02 00 -03 -08
490 445 407 374 346 311 276 242 220 203 186 166 148 133 119 107 96 86 78 70
97-S 04 04 05 05 06 07 07 08 08 09 0% 09 09 10 09 09 08 08 07 06
05 06 06 07 08 08 09 09 10 10 10 10 09 09 08 07 05 03 01 -0.2

4HCB + 2

Table of safe superimposed service load (psf) and cambers (in.) ’ 2 in. Normal Weight Topping
Strand Span, ft _.@r
Designation
C::de 12 13 14 15 16 17 18 19 20 21 k!z) 23 24 25 26 21 28 29 30
470 396 335 285 244 210 182 158 136 113 a3 75 59 46 3
66-S 02 02 02 02 02 02 02 02 02 02 01 01 00 -01 -02

0.2 0.2 0.2 0.2 0.2 0.1 0.1 00 01 02 03 05 07 0989 12
461 391 334 287 248 216 188 163 137 115 45 78 63 50 38 27

76-S 02 03 03 03 03 03 03 03 03 03 02 01 01 -00 -01 -03
p2 02 02 02 02 02 01 01 00 -03 05 07 08 -12 -15
) 473 424 367 319 279 245 216 186 fflteof 137 116 98 82 68 55 43 33
-—iﬁ? ] 965 |/ 0.4 0.4 0.4 05 05 05 05 05 0.5 05 05 0.4 03 03 0.1 0.0 =01
N ] 04 04 04 04 04 04 03 o03Qlo02§ 01 01 -03 -05 07 10 14 17
485 446 415 377 IM 202 258 224 169 147 127 109 94 80 67 99
87-8 05 05 06 06 07 07 07 ©07 08 08 07 07 07 08 05 04 03

0.5 0.5 05 06 06 06 05 0.5 0.4 0.4 0.2 01 01 03 05 08 1.2
494 455 421 394 357 327 288 251 219 1892 168 146 127 110 45 B2 7o
97-8 0.5 0.6 07 07 08 08 0.9 09 09 0.4 1.0 09 09 09 08 07 0.6
0.6 0.6 07 07 07 07 0.7 0.7 06 0.6 0.5 0.4 0.2 00 -02 -05 -0.8

Strength is based on strain compalibility; bottom tension is limited to ?,S“I'E : see pages 2-7 through 2-10 for explanation.

PCI Design Handbaok/Sixth Edition 2—31
First Printing/CO-ROM Edition

]
Pennsylvania State University Page 45 of 45



