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Executive Summary 
 
Lockwood Place in Baltimore, Maryland is a thirteen story mixed-use development 
building utilized predominately for retail and corporate businesses.  The building 
enclosure is made primarily of steel with a glass curtain wall façade.  Directly adjacent to 
the building sits a covered mall area and a parking garage.  The parking garage connects 
to the second level of Lockwood Place through a corridor and lobby. 
 
The goal of this report is to investigate alternative floor framing systems and determine 
their feasibility.  Feasibility was determined based on constructability, cost, fire rating, 
aesthetics, vibration, and the overall impact on other structural components of the 
building. The systems investigated are: noncomposite steel; open-web steel joist; one-
way slab with beams; and two-way flat slab with drop panels.   
 
While the noncomposite steel system and one-way slab with beams system proved to be 
viable for further investigation, the two-way flat slab with drop panels and open-web 
steel joist systems did not.  A two-way flat slab system with drop panels did not 
accommodate the existing column grid layout.  An open-web steel joist system was very 
susceptible to vibration issues and required extensive fireproofing measures to achieve 
the required rating.  A more detailed analysis of the systems found to be feasible will be 
made in the future to determine the optimum floor framing system.   
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As an expansion to the corporate/entertainment district of Baltimore’s Inner Harbor, the 
Lockwood Place Office Building is located directly across from the National Aquarium.  
The building has a curved glass, curtain wall façade and abuts a covered mall area and an 
adjacent parking garage.  It is comprised of thirteen floors and over 300,000 square feet 
of floor space. 
 
At ground level, a visitor is welcomed by a grand lobby entrance.  At the second level, a 
visitor has direct access to the adjacent parking garage.  At the third level, tenants have 
the option to utilize two balcony spaces.  Each floor is designed with large bay sizes, 
allowing for open floor plans.  The spaces on the first two floors, occupied by retail 
tenants, rise to a combined height of 34 feet.  The third through the twelfth floors are 
occupied by corporate tenants and each floor height is 13’-6”.   A penthouse is 
constructed on the thirteenth floor.  The floor height is 18’ and it sets back slightly from 
the rest of the building.  Lockwood Place is designed to accommodate a range of tenants’ 
needs, while providing a sleek exterior look with each story consisting of full height glass 
and large spans.   
 
This report analyzes four different floor systems for a typical bay in comparison to the 
existing floor system.  It discusses overall feasibility and impact the floor system has on 
other building components such as column grid and lateral system.  Results are based on 
vibration criteria, constructability, and aesthetical impact among other factors.  The 
typical bay used in analysis was taken from an office occupancy type floor and loading 
was determined accordingly.    

INTRODUCTION 
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Floor System 
 
500 East Pratt Street has a typical superstructure floor framing system made of composite 
steel beams and girders.  The slab is 3-1/4” light weight concrete topping on 3”x20gage 
galvanized metal deck.  For composite beam action, ¾” diameter by 5-1/2” long headed 
shear studs are used, conforming to ASTM A108, Grades 1010 through 1020.  Typical 
bay sizes are 30’-0” x 30’-0” and 45’-0” x 30’-0.”  Infill beams are spaced 10’-0” on 
center, framing into a typical girder size of W24x62.  All steel conforms to ASTM A572, 
Grade 50, unless otherwise noted on the drawings.  MEP systems are run through the 
structural framing system.  Holes created in the beams and girders from the MEP systems 
are reinforced according to AISC Design Guide 2.  A two hour fire rating is provided for 
all floor slabs, beams, girders, columns, roofs, and vertical trusses.   For a more detailed 
description of atypical floor systems, please refer to Technical Assignment 1.   
 
The typical framing plan (levels 5-11) involves long spans and open areas, providing 
space flexibility for tenants.  The location of the 30’-0” x 45’-0” typical bay analyzed and 
redesigned throughout this report is at the fifth level and is highlighted below.  Due to 
setbacks and balconies, the footprints and framing of the first through fourth floors, the 
twelfth floor, and the penthouse vary from what is shown below.  Although this bay is 
considered an end span in the north/south direction, it proves to be the most common bay 
type.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STRUCTURAL SYSTEM OVERVIEW 
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Roof System 
 
At the penthouse level of Lockwood Place, the building steps back creating a high roof 
and a low roof.  A third roof, the highest point of the building, is created by an extended 
machine room ceiling located at the penthouse level.  The roof on the penthouse is sloped 
slightly downward into the machine room wall.  While the framing of the penthouse floor 
is consistent with the typical building superstructure system, infill beam sizes are reduced 
due to smaller bay widths.  All three roof systems are 1-1/2”x20ga. galvanized type ‘B’ 
metal deck.  Infill beams are located at 6’ on center.  Beam sizes range from W10x12 to 
W24x76 depending on their location. 
 
Exterior slabs that are located at level twelve are 4-1/2” normal weight concrete topping 
on 3”x20gage galvanized composite metal deck.  The slabs are reinforced with 6x6-
W2.9xW2.9 W.W.F. Waterproofing is required for all exterior slabs.   
 
A screen wall is located on level twelve to disguise mechanical equipment.  A canopy 
extends over a balcony on the twelfth floor.  The canopy is also made of 1-1/2”x20gage 
galvanized type ‘B’ metal deck.   

 
Lateral System 
 
Lockwood Place’s lateral system is comprised of both moment frames and eccentric 
braced frames.  Moment frames run both east/west and north/south directions.  Eccentric 
braced frames are located around the elevators/elevator lobby.  Sizes of the braces range 
from W14x19 at the base of the building to W8x31 at the top of the building and are 
pinned connections.  Lateral loads were distributed based on the rigidity of each frame.  
Columns that have eccentric braces framed into them are designed to be fixed to their 
supports at the base of the building.  All other columns are designed to have pinned 
bases.   
 
Foundation 
 
Located along Baltimore’s Inner Harbor, Lockwood Place’s soils consist of existing man-
made fill.  The maximum soil bearing pressure for spread footings is 1000psf.  To 
accommodate for this bearing capacity, the foundation system is made of drilled caissons.  
Caisson shaft diameters range from 2’-6” to 6’-0.”  Typically, they extend a minimum if 
1’-0” into Gneiss bedrock and have a minimum concrete compressive stress of 4500psi.   
  
Grade beams travel between pile caps and have a minimum concrete compressive 
strength of 4000psi.  Each grade beam ranges in size from 18”x24” to 24”x42” and is 
reinforced with top and bottom bars.  
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Codes employed in this report: 
 

• Design Standards 
American Society for Civil Engineers (ASCE-7-05) 
Design Code for Minimum Design Loads 
 

• Structural Steel 
American Institute of Steel Construction (AISC) 
LRFD Specifications for Structural Steel Design – Unified Version, 2005 
 

• Structural Concrete 
American Concrete Institute 
Specification for Reinforced Concrete and Masonry Structures, 2005 

 
 
References employed in this report: 
 

• CRSI Handbook (2002) 
• Steel Joist Institute Standards  
• United Steel Deck Manual (2002) 
• RS Means Assemblies Cost Data (2008) 
• Underwriters Laboratory Fire Resistance Vol.1 (2001) 
• RAM Structural Systems  
• PCA Slab  

  

CODES & REFERENCES 
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Gravity Loads 
 
The loads for Lockwood Place are presented in an abbreviated form below.  The loads are 
accumulated from The Maryland Building Code Performance Standard.  Design loads 
from the engineer of record and those of the building code are shown in comparison.   
 
Dead Load 
DEAD LOAD (psf)             

    Lobby/ Machine   
1st 

Floor     
Location/Loading Office Corridor Room Retail Lobby Balconies Roof 

Concrete Slab 46 46 46 63 63 63 - 
Metal Deck 2 2 2 - - 2 2 

Pavers/ W.P. - - - - - 2 2 
M/E/C/L 8 8 8 - - 8 8 
Roofing - - - - - 2 2 

Insulation - - - - - 2 2 
Total Dead Load 56 56 56 63 88 115 14 

 
Live Load 

It is a conservative 
assumption to use an 
unreduced roof live 
load.  Given that the 
front of the building 
is a curved radius, 
there is great 
variation in tributary 
areas among roof 
members.  In many 

cases in the southern half of the building, the tributary area is too small to be reduced.   
To simplify the design, no live loads were reduced on the roof. 
 
Wall Load 
The building exterior is made of metal faced composite wall panels glazed into a glass 
curtain wall system.  The wall estimated weight is 25psf.  This weight is used to 
determine the building’s seismic base shear.  
 
 
 
 
 
 

LIVE LOAD (psf)   
 Location Design Load Minimum 

    Required 
Office 100 50 for offices only 

Lobby/Corridor 100 100 first level, 80 above first level 
Machine Room 125 125 

Retail 100 100 first level, 75 above first level 
1st Floor Lobby 100 100 

Balconies 100 100 exterior 
Roof 30 20 assuming no reduction 

BUILDING LOAD SUMMARY 
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Description: 
The existing floor construction is composite steel.  The slab is made of 3” deck with 
3-1/4” topping.  In a typical bay size of 30’-0” x 45’-0, the typical girder size is W24x64 
and infill beam sizes are W24x84 spaced 10’ on center.  Calculations were performed 
with a total dead load of 56psf and a live load of 100psf.   
 
The existing framing members have a larger capacity for the given loads determined in 
Technical Assignment 1. This large capacity may be due to vibration criteria or 
consideration of holes throughout the beam for MEP systems.  For the purpose of this 
report, detailed hole reinforcement details is omitted.  The necessity of the holes and their 
reinforcement to maximize floor to ceiling height will need to be a consideration when 
determining other viable systems.   
 
With the large increase in size and capacity of the members, composite action strength 
from the shear studs is not necessary. Please see the member size requirements for a 
noncomposite steel floor system on the following pages.   
 
Layout & Materials: 
f’c= 3500psi 
fy= 60,000psi 
6-1/4” total slab thickness, 3”  
 20 gage composite deck 
Lightweight concrete 
¾” diameter, 5-1/2” long shear studs 

PLAN     
         SECTION 
 
 
 
 

SYSTEM 1: Composite Steel 
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Constructability:  
This system requires no formwork or shoring, allowing it to be easily constructed.  
Construction consists of setting the beams, laying the deck, and pouring the concrete.  A 
fast erection time is possible and easy to sequence. 
 
Aesthetics: 
A composite steel floor allows for lighter steel members, yet higher strength.  Large 
spans are possible, creating an open floor layout and flexible spaces.  Floor to ceiling 
height can be maximized by allowing the MEP systems to run through reinforced holes in 
the beams.   
 
Fire Rating: 
A 3-1/4” thick concrete slab will automatically provide the two hour fire rating required 
for all floors in the building.  Steel beams can easily be coated with spray-on 
fireproofing.   
 
Cost: 
Although calculations found smaller sized members to be acceptable, cost data was 
developed with sized specified on plan.  Cost of materials and labor was taken from R.S. 
Means (2006).  The cost data of a typical bay can be found in the table below. Costs 
include materials, labor, and equipment.   
 
 
 

 
 
 

 
  

Components Unit Cost Quanity  Component Cost 
Steel beams 106.71/ft.  180 ft. 4775.4 
Steel girders 79.59/ft. 60 ft. 19207.8 
Shear studs  0.835/lb. 2220 lb. 1853.7 
Decking  2.36/ft.2 1350 ft.2 3186 

Concrete  3.03/ ft.2 1350 ft.2 4090.5 
Total    $  33,113.40 
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Description: 
A noncomposite steel floor system was designed for a typical bay size of 30’-0” x 45’-0.  
The typical girder size was found to be W24x76 and infill beam sizes were W24x76 
spaced 10’ on center.  Deflection from total load is 2.10” and deflection from live load is 
1.136.”  To determine these sizes, a RAM model was assembled and compared to hand 
calculations.  Calculations were performed with a total dead load of 56psf and a live load 
of 100psf.  A thinner slab thickness would be sufficient for the design with absence of 
shear studs; however, slab thickness was designed as 3” deck with 3-1/4” topping to 
remain consistent with the composite steel floor system design.  Detailed calculations can 
be found in Appendix A.   
 
Layout & Materials: 
f’c= 3500psi 
fy= 60,000psi 
6-1/4” total slab thickness, 3”  
 20 gage composite deck 
Lightweight concrete 

 
 

SECTION       PLAN 
 
 
 
Constructability: 
This system requires no formwork or shoring, allowing it to be easily constructed.  As 
with a composite steel floor, the construction process consists of setting the steel, laying 
the deck, and pouring the concrete.  A fast erection time is possible and easy to 
sequences. 
 

SYSTEM 2:  NONCOMPOSITE STEEL 
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Aesthetics: 
With a noncomposite steel floor system, large spans are still possible, creating an open 
floor plan and flexible spaces.  Depths of members remain the same as the existing 
system.   Floor to ceiling height can be maximized by allowing the MEP systems to run 
through reinforced holes in the beams.   
 
Fire Rating: 
A 3-1/4” thick concrete slab will automatically provide the two hour fire rating required 
for all floors in the building.  Steel beams can easily be coated with spray-on 
fireproofing.   
 
Other system effects: 
Minimal changes will need to be made to adjust for a noncomposite steel system.  
Column grids and MEP systems will remain in place.  Columns will remain 
approximately the same size, without affecting the lateral resisting system.  Since the 
weight of the noncomposite steel system (63.4psf) is comparable to weight of the 
composite steel system (64.3), foundations will not be greatly affected.  To meet 
vibration criteria for long spans and an office occupancy type, floor framing member 
sizes may need to be increased.  If this system is determined to be the most viable floor 
system solution, a detailed vibration analysis will need to be completed to verify the 
controlling factors in the design of the members. 
 
Cost: 
Cost of materials and labor was taken from R.S. Means (year).  The cost data of a typical 
bay can be found in the table below.  Costs include materials, labor, and equipment.   
 

Components Unit Cost ($) Quantity  Component Cost 
Steel members  96.59 240ft 23181.60 
Decking  2.36/ft2 1350 ft2 4090.50 

Concrete  3.03/ ft2 1350 ft2 3186 
Total    $  30,458.1 

 
 
Summary: 
 
 

Advantages Disadvantages 
2 hour fire rated Heavy steel members 

Likely meets vibration criteria Long steel lead time 
Fast erection time  
Easy to sequence  

Large spans  
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Description: 
An open-web steel joist floor system was calculated for a typical bay size of 30’-0” x  
45’-0”.  Joists span 45’-0” in the north/south direction.  Joist sizes were to found as 
32LH06, beam sizes were found as W18x35, and girder sizes were found as W27x84.  
The joists have a total deflection of 1.818” and a live load deflection of 1.166.”  Sizes 
were determined through comparison of a RAM model and hand calculations.  
Calculations were performed with a total dead load of 56psf and a live load of 100psf.  
Slab thickness was designed as 3” deck with 3-1/4” topping to remain consistent with the 
composite steel floor system design.  A thinner slab thickness would be sufficient for the 
design.   Calculations for this system can be found in Appendix B.   
 
Layout & Materials: 
f’c= 3500psi 
fy= 60,000psi 
6-1/4” total slab thickness, 3”  

20 gage composite deck 
Lightweight concrete 
 

              PLAN 
    

  SECTION 
 
 
Constructability: 
This system requires no formwork or shoring, allowing it to be easily constructed.  The 
construction process consists of setting the steel, laying the deck, and pouring the 
concrete.  A fast erection time is possible and easy to sequence.  Cantilevered edges of 
the building require joists to be integrated with wide flange beams.  It is not practical to 
assemble a joist to beam connection that is not orthogonal.   The curved geometry of the 
south face of the building inhibits a standard layout of joists.   
 

SYSTEM 3:  OPEN-WEB STEEL JOIST 
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Aesthetics: 
With an open-web steel joist floor system, large spans are possible, creating open floor 
plans and flexible spaces. Although, 32LH series joists have a depth of 32,” floor to 
ceiling height can be maximized by running MEP systems through the open-webs of the 
joists.   
 
Fire Rating: 
A 3-1/4” thick concrete slab will automatically provide the two hour fire rating required 
for all floors in the building.  Steel joists require a mesh encasement before applying 
spray-on fireproofing.  This method is considered ineffective due to difficulty to properly 
cover the joists.  A two hour fire rating could also be achieved by providing another layer 
with a two hour rating under the joists.  MEP systems would need to be below the two 
hour rated layer to allow for accessible maintenance and in turn, floor to ceiling heights 
would be much lower.   
 
Other system effects: 
The existing column grid layout will remain in place for an open-web steel joist system 
and columns will remain approximately the same size, in turn the lateral system will not 
be affected.  The weight of the structural system (63psf) is similar to the weight of the 
structural system (64.3psf), not affecting the foundations.   MEP systems may require a 
drop in height, dependent upon the fireproofing method selected.  Vibration is a serious 
concern of this type of system due to the lack of joist stiffness.   Large amounts of 
vibration may cause this system to be an impractical alternative for floor construction.   
 
Cost: 
Cost of materials and labor was taken from R.S. Means (year).  The cost data of a typical 
bay can be found in the table below. Costs include materials, labor, and equipment.   
 

Components Unit Cost  Quantity  Component Cost 
Joists  17.10/ft. 630ft. 10773 
Beams 47.80/ft. 180ft. 4302 
Girders 106.28/ft. 60ft. 2376.80 
Decking 2.36/ft2 1350ft2 3186 

Concrete 3.03/ft2 1350ft2 4090 
Total  $ 28,727.80 

 
Summary: 

Advantages Disadvantages 
Fast erection time Special fireproofing requirements 
Easy to sequence Susceptible to vibrations 

Large spans Difficult connections 
Cost effective Typical layouts may not be possible 

  Long steel lead time 
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Description: 
A concrete one-way slab with beams was calculated for a typical bay size of 30’-0”x  
45’-0.” The typical beam size was found to be 18”x32”.  To maximize floor height, 
girders depths were kept to 32” and sizes were found to be 24” x 32”.  A slab thickness of 
6” is required for a 15’-0” slab span.  Beam deflection from total load is 1.82”. These 
members were sized using CRSI Handbook 2002.  To accurately use the tables provided, 
load factors of 1.4*Dead +1.7*Live were applied.  Calculations were performed with a 
total superimposed load of 10psf and a live load of 100psf.  CRSI tables employed can be 
found in Appendix C.  To view the full design, see figures below.   
 
 
Layout & Materials:  
f’c= 4000psi 
fy= 60,000psi 
Slab pho= 0.005 
6” total slab thickness  
Normal weight concrete 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SECTION DETAILS

SYSTEM 4:  ONE-WAY SLAB WITH BEAMS 
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PLAN 
LAYOUT 

 
 
 
 
 
 
 
 
 
 
 
 

 

GIRDER SECTION 

BEAM SECTION 
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Constructability: 
Formwork is required for the cast in place one-way slab with beam system.  Workers 
need to allow appropriate shoring times before removing formwork.  Formwork can be 
reused for the north half of the building, but will need to be constructed on a bay by bay 
bases for the south half of the building due to the curved exterior façade.  Cast in place 
concrete will have a slower erection time than a steel system.   
 
Aesthetics: 
With a one-way slab with beams systems, large spans are still possible, creating open 
floor plans and flexible spaces.  A total beam depth of 32” inhibits a large floor to ceiling 
height.  Although in previous systems MEP equipment could be run through the 
structural system, this is not possible with concrete beams.  With the use of a cast in place 
concrete floor system, the existing 1’8” slab overhangs can still be achieved.    
 
Fire Rating: 
A 6” thick concrete slab will automatically provide the two hour fire rating required for 
all floors in the building.  No additional fireproofing is necessary.   
 
Other System effects: 
The existing column grid layout will remain in place for a one-way slab with beams 
system.  Poured concrete columns will need to be sized to resist gravity and lateral loads.  
The existing moment frame/eccentric brace steel lateral system will need to be redesigned 
to accommodate the concrete floor system.  A concrete moment frame or shear walls may 
be found more appropriate.  Due to the increased weight of the building from the base 
floor system (77psf increase), lateral forces will need to be recalculated to ensure that 
seismic loads will not control over wind loads determined in Technical Assignment 1.  
Additionally, caisson foundation diameters will need to be resized to accommodate the 
increased load.  It can be assumed that the concrete floor system has a relatively higher 
stiffness than that of the steel floor systems.  Vibration criteria will not be a concern as 
compared to the other systems previously discussed.   
 
Cost: 
Cost of materials and labor was taken from R.S. Means (year).  The cost data of a typical 
bay can be found in the table below.  Relative to the previously discussed systems labor 
costs are high due to required formwork.  The system costs include forms, reinforcing, 
concrete, placement and finishings.  Unit costs are based on materials, labor, and 
equipment.  
 
 
 
 
 
 
 
 

Components Unit Cost  Quantity  Component Cost 

System  553.50/ yd3 74.4 yd3 41,153.75 
Total    $ 41,153.75 
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Summary: 
 

Advantages Disadvantages 
No additional fireproofing Formwork needed 

Vibration acceptable  Lower ceiling heights 
Large spans Concrete curing time 

 
Heavier than base system 

Expensive 
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Description: 
A concrete one-way slab with beams was calculated for a typical bay size of 30’-0” x 
30’-0”. Although a two-way flat slab with drop panel system allows for larger spans than 
a two-two way flat plate system, it is not feasible to achieve the existing span of 45’-0.” 
The design of the floor system can be found in the table below.  To determine deflection 
of the design, a model consisting of three typical bays was set up in PCA Slab with the 
given load conditions, factors, and layout requirements.  Although slab overhangs were 
considered for end spans, weight from the exterior wall was not.  This model was simply 
to approximate deflections relative to other systems, not to determine exact calculations.  
A total deflection of 0.25” was found. 
 
This design was determined through the use of CRSI Handbook 2002.  To accurately use 
the tables provided, load factors of 1.4*Dead +1.7*Live were applied. Calculations were 
performed with a superimposed load of 10psf and a live load of 100psf.  Due to the radius 
of the south edge of the building, individual bays will need to be normalized to determine 
sufficient reinforcement.  Normalization of the bays allows the system to meet design 
criteria for a two-way slab system, but will need to be further investigated to insure this 
assumption is conservative.  Each of the bays will vary in size.  CRSI tables employed 
can be found in Appendix D.  
 
 

Exterior Panel 
Column Strip  Middle Strip 

Top Ext.  Bottom  Top Int.  Bottom  Top Int. 
14‐#5  11‐#9  14‐#7  21‐#5  10‐#7 

 
Interior Panel 

Column Strip  Middle Strip 
Top  Bottom  Top  Bottom 
18‐#6  22‐#5  12‐#6  10‐#6 

 
 
Layout & Materials:  
f’c= 4000psi 
fy= 60,000psi 
10” slab thickness 
8.5” drop panel depth  
Normal weight concrete 
 
 
           3D Sketch 

Span  30'‐0" 
Slab Depth  10" 
Drop Panel Depth  8.5" 
Drop Panel Size  10'‐0"x 10'‐0" 
Column Strip  15'‐0" 
Middle Strip  15'‐0" 

Minimum Column  19" 
Dimension 

SYSTEM 5:  TWO WAY FLAT SLAB WITH DROP PANELS 
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PLAN 
 
 
Constructability: 
Minimal formwork is needed for two-way flat slab construction.  During construction it 
will be essential to ensure aggregate is thoroughly distributed between reinforcement 
bars. 
 
Aesthetics: 
Existing bay sizes need to be shorted with a two-way flat slab with drop panel system.  A 
new grid layout can be achieved by creating three 30’-0” bays running in the north/south 
direction.  A fourth bay at the south edge will vary slightly in length across the building 
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with a maximum span of 28’-0.”  This grid layout will cause complications on lower 
floors that do not have typical layouts.  Columns will extend through the middle of lobby 
spaces.  Spaces become fairly small on the second level where a parking garage ramp 
cuts into the floor layout.  Shorter bays and additional columns may restrict flexibility 
and marketability of the space.   
 
A total floor depth of 18.5” is smaller than the existing system.  Depending on the depth 
of the equipment, it may be possible to run MEP equipment below the slab without taking 
away from total existing floor to ceiling height.  The existing 1’8” slab overhangs can 
still be achieved with the two-way flat stab floor system by extending the top bars at the 
exterior edge through the length of the overhang.      
 
Fire Rating: 
A 10” thick concrete slab will automatically provide the two hour fire rating required for 
all floors in the building.  No additional fireproofing is necessary.   
 
Other System effects: 
The existing column grid layout will shift for a two-way flat slab with drop panel system.  
Poured concrete columns will need to be sized to resist gravity and lateral loads.  A 
minimum column size of 18” is required.  The existing moment frame/eccentric brace 
steel lateral system will need to be redesigned to accommodate the concrete floor system.  
A concrete moment frame or shear walls may be found more appropriate.  Wind was the 
controlling lateral force determined from Technical Assignment 1.  The substantial 
increase in weight of the floor system (105psf) will require a reevaluation to determine if 
wind forces will continue to control over seismic forces.  The current caisson foundation 
system is drilled into bedrock, minimizing settlement issues.  Caisson diameters may 
need to be increased to accommodate the additional load.  It can be assumed that the 
concrete floor system has a relatively higher stiffness than that of the steel floor systems.  
Vibration criteria will not be as much of a concern as compared to the steel systems 
previously discussed.   
 
Cost: 
Cost of materials and labor was taken from R.S. Means (year).  The cost data of a typical 
bay can be found in the table below.  Equivalent costs were evaluated based on per 
square foot of the design and projected onto a 30’-0” x 45’-0” to allow for a direct 
comparison of floor systems.  The system costs include forms, reinforcing, concrete, 
placement and finishings.  Unit costs are based on materials, labor, and equipment. 
   

Components Unit Cost  Quantity  Component Cost 

Beams  445.75/yd3 45.6yd3 20,327.10 
Total    $ 20,327.10 

 

 



Monica Steckroth  Lockwood Place 
Structural Option  Baltimore, MD 
Dr. Linda Hanagan  10/05/07 

Technical Assignment 2 

 - 22 - 

 
Summary: 
 

Advantages Disadvantages 
No additional fireproofing Formwork needed 

 Large floor to ceiling height Larger minimum column size 
Cost effective Smaller spans, interrupted spaces 

 Heavier than base system 
 Variable construction results 

 
Concrete curing time necessary 
Larger minimum column size 
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Comparisons between the existing floor system and the four new systems were made on 
the basis of a typical bay size.  Fireproofing is based on a two hour minimum for floor 
systems.  Deflection criteria are based on total load deflection of L/240 and live load 
deflection of L/360.  Vibration analysis is based on relative stiffness of the systems.  
Results of the comparisons are shown in the table below.  Large weight variations 
between the steel and concrete system can be attributed to the use of light weight verses 
normal weight concrete. 
  System 1 System 2 System 3 System 4 System 5 

 
Steel 

Composite 
Steel 

Noncomposite
Open web 
steel joist 

Two-way flat 
plate 

One-way slab 
with beams 

Total  
Depth 31” 29” 38-1/4” 18.5” 32” 
Slab  
Depth 6-1/4” 6-1/4” 6-1/4” 10” 6” 
Structure 
Weight 64.3psf 63.4psf 63psf 141psf 168psf 
 
Cost /ft2 $24.53 $22.56 $21.28 $15.06 $30.50 
 
Fireproofing Spray-on Spray-on 

Special 
required Satisfied Satisfied 

 
Deflection N/A 1.96” 2.24” 0.25” 1.18” 
Vibration 
Concern Moderate Moderate High Low Low 
 
Lead Time Long Long Long Short Short 

Contractibility 
 

No form work, 
easy to 

sequence 
 

No form 
work, easy to 

sequence 
 

No form 
work, easy to 

sequence 
 

Formwork 
required, 

well 
distributed 
aggregate 

Formwork 
required, 

curing time 
necessary 

 
Durability 
 

Steel fatigue 
Possible 

Steel fatigue 
Possible 

Steel fatigue 
Possible 

Spawling 
concrete 
possible 

Spawling 
concrete 
possible 

Grid  
Changes None None None Yes None 
Foundation 
System 
Effects 

None 
 

None 
 

None 
 

larger caisson 
diameters 

needed 

larger caisson 
diameters 

needed 
Lateral 
System 
 Effects 

None 
 

None 
 

None 
 

Yes 
 

Yes 
 

Viable  
Solution Yes Yes No No Yes 
 

COMPARISON 
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Floor systems designed in this report are intended to give a relative comparison of the 
advantages and disadvantages of alternate construction possibilities at 500 East Pratt 
Street.  The four systems investigated are: noncomposite steel; open-web steel joist; one-
way flat slab with beams; and two-way flat plate with drop panels.   
 
While the noncomposite steel and one-way slab with beam systems proved to be viable 
alternatives to the existing composite steel system, the two-way flat plate and open-web 
steel joist systems did not.  Although the two-way flat slab system provided a larger floor 
to ceiling height, the necessary column grid adjustment was not accommodating to the 
architectural layout intended by the architect and decreases the space marketability.  
Open-web steel joists may be lighter in weight, but have major vibration potential with 
existing large spans.  Extensive measures taken to provide proper fireproofing will 
greatly increase the cost of the system.   
 
The noncomposite steel system designed in this report is lighter than the existing steel 
system, but has potential to increase in size due to vibration requirements. Following this 
report, a complete vibration analysis will need to be calculated to accurately determine 
the more economical system.  One-way slab with beams may be heavier in weight and 
have lower floor to ceiling heights than the base system, but have little vibration concerns 
and can accommodate the building’s existing grid layout.  These factors prove the one-
way slab with beam system worthy of further investigation.   
 
Although a fifth alternative system was not in the scope of this report, a post tensioned 
floor system may provide the advantages of a thinner slab allowing for a large floor to 
ceiling height, fast construction time, and accommodation of large spans and radial grid 
lines.  This system will be further investigated in the future to determine the optimum 
choice for Lockwood Place’s floor system.   
 

  

CONCLUSION 
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*Assumed column is a minimum of 12” squ 
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PCA Slab deflection output 
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