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Figure 1:  Rockville Pike Entrance - JMV 

Executive Summary 
 

Rockville Metro II is the second part of a three phase 

project that will aid in revitalizing its community.   The 

building is planned to bring new retail venues and Class A 

office space to the Rockville, MD area.  In September of 

2011, construction began on this ten story structure.   

 

The structure was planned to have three levels of below 

grade parking.  An initial geotechnical report concluded 

that the soil at this level would be adequate to support the 

structure on concrete footings alone.  The only concern 

found was that the water level could exceed this elevation.  

Thus damp-proofing measures were taken in the design.   

 

The entire structural system is built using cast-in-place 

concrete.  The lower levels of the structure (parking and retail levels) use flat plate, two-way 

slabs with mild reinforcing to support the floors.  Columns which bear these levels incorporate 

drop caps in order to better resist punching shear forces.  The upper levels of the structure (the 

office spaces) also use a flat plate slab with mild reinforcing to support the floors.  However, in 

order to facilitate a more flexible office space, larger column-to-column spans (40 feet) were 

designed.  This required additional support of the slabs.  To achieve this, wide, shallow post 

tensioned beams were added to the design.  These aided in the control of deflection as well as 

reduced the potential for cracking.   All live loading was determined using ASCE 7 as a guide.   

 

In order to respond to the potential for lateral loads on the structure such as seismic and wind, 

shear walls were incorporated into the structural design.  These walls were placed at the center 

of the structure about the elevator core.  These walls were designed to be 12” thick with rebar 

reinforcing.  ASCE 7 also aided in determining the loading conditions for these elements.  The 

roof of the structure is specified as a green roof.  MET II is set to achieve a LEED rating of 

Platinum, and the green roof is one of the attributes that will aid in this achievement.   

 

In April of 2013, construction on MET II concluded, and MET II became the National 

Headquarters for Choice Hotels.  The following report will describe the structural systems of 

MET II in more depth.  The structure will be analyzed as originally designed and built.  Cagley 

and Associates is responsible for the original design the structural system of MET II and has 

provided all structural drawings for this report. 
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Figure 2: South West Corner – by JMV 

Report Summary 
 

The focus of Technical Report III is to assess 

the floor system of the structure as it was 

originally designed.  Analysis of Rockville 

Metro Plaza II’s typical office bay will 

compare the loading to the capacity of 

various members.  Among those members 

assessed are the one-way floor slab and the 

typical beam supporting the slab as well as 

typical exterior and interior columns.  Results 

found through this report show that all 

members assessed were designed within 

capacity to meet strength and serviceability 

requirements.    

The next progression of this report sought to assess possible floor systems alternatives.  For this 

section, the following systems were analyzed for the typical office bay configuration:  non-

composite steel system, composite steel system, and hollow core slab system.  In order to 

provide a more controlled result, the bay size was maintained at 20’ x 40’.  This report contains 

hand calculation for each design as well as computer results to support the findings.  An 

evaluation of each floor system based on various criteria such as weight, cost, floor depth, etc. 

is also provided for comparison of systems.   

The original concrete system yielded the shallowest floor system depth which is critical in order 

to apply to the height restrictions of the Metro D.C. area.  Each of the steel options yielded 

favorable values across most comparison categories, though depth of these systems may be an 

issue since they are slightly deeper than the concrete option.  It was concluded that a hollow 

core slab system would not be a feasible system due to the high cost and the difficulty of 

constructing areas of varying geometries (e.g. curved wall).  A full summary and comparison of 

the floor systems may be found in the remainder of this report.   
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Figure 3:  Map of Site Location – From “maps.google.com” 

Figure 4:  Map of Building Relations – by WDG Arch. 

Site Location 
 

Rockville Metro Plaza II is located in Rockville, Maryland, just 20 miles northwest of the heart of 

Washington D.C.   The site sits prominently on Rockville Pike which is one of the main routes 

through the area.  Across from the lot is the Rockville Metro stop.  With such close proximity to 

these passage ways, this site boasts a transportation convenience for both employees and 

visitors alike.   

 

The bustling Rockville area is primarily 

occupied by businesses, retail, 

restaurants, and high rise apartments.  

It is an ever expanding and 

reawakening locale, as new 

construction projects continually 

rejuvenate the lively scene.  Upon 

visiting the area, it can be quite 

evident why Choice Hotels would 

decide to make MET II the site of their 

new North American Headquarters.   

 

 

 

 

The new construction of MET II 

would be an addition to the current 

Rockville Metro Plaza I to the 

Northwest.  This posed a 

complication during construction, 

for impact on MET I’s daily function 

had to be minimized as much as 

possible.  Excavation of the addition 

would be required to yield to the 

existing structure as well.   
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Figure 5:  Rockville Town Square Obelisk – by JMV 

 

Design Codes 
 

 

As defined on page S1.00 of the construction documents, the following codes are 

applicable to the design and construction of MET II’s structural system and will also be used in 

the calculations included in this report: 

 

- “The International Building Code-2009”,  

International Code Council 

 

- “Minimum Design Loads for Buildings and Other Structures” (ASCE 7),  

American Society of Civil Engineers 

 

- “Building Code Requirements for Structural Concrete, ACI 318-02”,  

American Concrete Institute 

 

- “ACI Manual of Concrete Practice – Parts 1 Through 5”,  

American Concrete Institute 

 

- “Post Tensioning Manual”,  

Post Tension Institute 
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Figure 6:  Plan of Garage Bay – by Cagley and Assoc. 

Gravity Loads 
 

Floor Loads 

Rockville Metro II utilizes multiple floor systems to comprise its structure.  On the office levels, 
floors are generally comprised of one-way slab systems on a 20’ by 40’ bay.  These slabs are 
carried by wide, shallow post tension beams which transfer loads to the building’s columns.  On 
the parking levels below grade, a two-way slab system is used.  These levels are mapped by 26’ 
x 20’ bays and thus better suited to be designed as two way slabs.   
 
  
Garage Slab Loads 
 
Within MET II, the below grade parking garage comprises 
levels P1, P2, and P3.  OF these, 2 and 3 are elevated 8” 
slabs comprised of normal weight concrete and mild 
reinforcing.   
 
These lower levels do not have the need for as large of an 
open space as compared to the office areas.  The span 
here is governed by the diving aisle width that the 
International Building Code requires.  Thus, the slab is 
designed to the 26’ x 20’ bay size.  Since the aspect ratio 
is squarer, the section can be designed as a two-way slab 
system.   
 
In terms of loading, the slab itself once again contributes 
most of the dead load on the floor system.  Such items 
mechanical and lighting equipment are relatively light and 
are accounted for in the super imposed dead load.  
There is no flooring material installed on top of the slab 
and no hanging ceiling system below.  The occupancy 
live load is defined in the IBC as a garage load of 40 psf 
(passenger vehicles only).  However, the design uses a 
load of 50 psf which is the minimum load for truck and 
bus garages.   
 
  

Table 1: Garage Loads 

Type Load Value (psf) 

Slab 100 

SDL 5 

Live  50 
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Figure 7:  Plan of Office Bay – by Cagley and Assoc. 

Figure 8:  Cut Away of Typical Floor Slab – by JMV 

 
Office Slab Loads 
 
Within MET II, office space comprises the 4th through 11th 
floors.  Due to the consistency in layout for level to level, 
a typical slab design is used for each level.  This is 
comprised of an 8” normal weight concrete slab with 
mild reinforcing.   
 
In order to create a larger open space in the layout, the 
typical bay is designed at 20’ x 40’ (as seen in figure 6 to 
the right).  This open floor plan allows the tenant of the 
space to have more flexibility in how they want to 
organize the space.  Due to the uneven aspect ratio of 
the bay, the slab acts as a one-way system.  The slab is 
reinforced with a bottom mat made of #4 bars at 12” on 
center.   
 

In terms of loading, the slab itself contributes 
most of the dead load on the floor system.  
Such items as flooring, hanging ceiling tiles, 
and mechanical/lighting equipment are 
relatively light and are accounted for in the 
super imposed dead load.  The occupancy live 
load as designed and defined in the IBC is an 
office load of 80 psf with an additional 20 psf 
for the possibility of partitions installed in the 
space.   
 
  

Table 2: Office Loads 

Type Load Value (psf) 

Slab 100 

SDL 5 

Live (Occupant) 80 

Live (Partition) 20 
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Figure 9:  Green Roof Cross Section – by Studio 39 

 
Roof Slab Loads 

In pursuit of a LEED rating, the roof of MET II was designated as a green roof composition.  
Green roofs are a more environmentally friendly alternative to the standard roof.  They reduce 
heat island effects, reduce rainwater runoff (which lessens the potential for sewer overflow), 
and provide a habitat for birds and insects, as well as many other benefits.  For the structure, 
however, this can equate to a heavier roof as there will be more mass present than that of a 
standard roof.  The roof is designated as an extensive green roof which means that the 
vegetation will mainly grasses and similar small plants (e.g. sedum).  These plants have 
relatively shallow root systems and thus do not require a deep soil base, as only a 4” depth is 
used.   
 
 In order to support the roof, a concrete slab is used in a similar configuration as seen on the 
office levels: an 8” concrete slab comprised of normal weight concrete and #4 bars as 
reinforcing.  The bays are 40’ x 20’ and the roof slab act as a one-way system and wide, shallow 
post tension beams are provided to transfer the load to columns.   
 

In terms of loading, the slab itself 

contributes most of the dead load on the 

floor system.  Hanging loads for the ceiling 

below are accounted for in the super 

imposed dead load.  The green roof also 

contributes to the dead load.  Live loads 

are as governed by IBC and ASCE 7.  The 

controlling load is a roof live load of 30 psf 

for ponding (as the snow load and 

occupant load were determined to b 17.5 

psf and 20 psf respectively).  

  

Table 3: Roof Composition 

Item Design Value (psf) 

Vegetation 1 

Soil 29 

Filter/ Moisture Mat 2 

Insulation 3 

Roof Membrane 5 

Slab 100 

SDL 10 
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Figure 10:  Precast Elevation Detail 
- by Cagley and Assoc. 

 

Figure 12:  Precast Plan Detail – by Cagley and Assoc. 

Figure 11:  Wall Elevation Section 
- by Cagley and Assoc. 

Exterior Wall Load 

 

Rockville Metro II is enclosed by a wall system comprised of 

precast concrete panels and aluminum framed glass windows.  

This system is attached to the structural system’s slabs and 

columns.   

 

Each precast panel spans between two exterior columns.  Two 

connections are made at each column and to the slab at mid-

span.  These connections are both load bearing and non-load 

bearing (as seen in figure 9).  The load bearing connections 

(i.e. support weight of panel) only occur at the columns.  

Other connections act to tie back the panel to the structure 

and to resist loads perpendicular to the panel.  Figure 9 

depicts the tie back connections and the fact that they occur 

at two different elevations at each connection point.   

 

The aluminum framed window system is set between the 

precast panels, thus their load bears on the panels.  Cold 

formed steel studs and the remaining wall components such 

as insulation and dry wall bear directly onto the concrete slab.  

In designing the structural system of the building, a line load 

of 500 plf was used by the structural engineer to estimate the 

load of the wall configuration.  During the design stage, this 

load would be applied to the slab, and would in turn be 

transferred to the columns.  In actuality, the load of the 

precast concrete panel is directly transferred to the columns.  

The only load the slab sees comes from lateral loads and from 

the interior wall components that are set directly on the slab.    
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Gravity Load Summary 

 

In comparing the design values provided on the structural documents to those listed in the 

International Building Code and ASCE 7, it is evident that all live load requirements were met or 

exceeded.  The main areas of where this trend is evident are mechanical rooms and office 

areas.  Each of these spaces were designed with higher live loads most likely due to the owner’s 

specification, anticipated actual loading, or the simply the office’s standard practice for good 

design.  The comparison of live load values may be seen in Table 4 below.   

 

ASCE 7 was used in calculating the flat roof snow load of the structure.  Using this document as 

a guide, the same value as presented on the structural documents was derived.  This calculation 

can be seen in Table 5 below.  Snow drift was not considered in this report.  The super-imposed 

values presented below in Table 6 are also as listed on the structural documents.   

 

 

 

 

 

 

 

 

   

Table 4: Floor Live Loads 

Area As Designed (psf) ASCE 7-05 (psf) 

Corridors (first level) 100 100 

Corridors (above first) 100 80 

Lobbies 100 100 

Marquees/Canopies 75 75 

Mechanical Room 150 (U) 125 

Offices 80 + 20 (partitions) 50 + 20 (partitions) 

Parking Garage 50 40 

Retail – First Floor 100 100 

Stairs/Exit Ways 100 (U) 100 

Storage (Light) 125 (U) 125  

Table 5: Flat Roof Snow Load 

   

Ground Snow Load Pg= 25 psf 

Snow Exposre Factor Ce= 1.0 

   (Terrain Category B)   

Thermal Factor Ct= 1.0 

Importance Factor Is= 1.0 

   

Pf = 0.7*Pg*Ce*Ct*Is*Pg = 17.5 psf 

Table 6: Superimposed Dead Loads 

Area Design Value (psf) 

Floor 5 

Roof 10 
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Figure 13:  One-Way Concrete Slab & Beam 
by RS Means 

 

 

 

 

 

 

 

 

As-Built System - Gravity Loads 
 

One-Way Concrete Slab & PT Beams 
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One-Way Concrete Slab & PT Beams 

 

The originally designed structural system of Rockville Metro Plaza II’s typical bay is a one-way 

slab and post tensioned beam system.  This system is constructed entirely of reinforced 

concrete.  It employs a one-way concrete slab that spans the North-South direction.  The post 

tension beams span the perpendicular direction and are used to support the slab.   

This system provides many benefits.  The wide, shallow post tensioned beams allow for a 

shallow depth of the floor system.  This in turn means more stories within the height 

restriction, and thus more leasable space.  This characteristic also yields taller floor to ceiling 

heights which may be interpreted as an architecturally satisfying feature as the space will 

appear larger and possess a more open feel.   

The monolithic construction style along with specific rebar detailing allow for the building’s 

beam-to-column connections to act as moment frames and aid the main lateral system in 

withstanding lateral loads.  The structure primarily employs concrete shear walls at its core as 

the main lateral force resisting system.   

Another positive aspect of the system is that it uses concrete as the structural medium.  Within 

the D.C. area, this medium is widely used and very familiar to most construction companies.  

This in turn equates to construction companies and their workers being quite knowledgeable 

and skilled regarding the construction of concrete buildings.  They will be able to approach the 

project with confidence and construct the project in a competitive time frame.   

One of the drawbacks to this system is that the mass of the building will be quite large.  This in 

turn means that the structure must be designed to higher earthquake loads as opposed to a 

lighter system (e.g. steel).  Also, the larger mass means that the foundation will have to be 

larger in order to accommodate the weight.   

This system will be compared against alternatives within this report.  The comparison section 

found in the latter portion of this document will further address the pro’s and con’s of this 

system when weighed against alternatives.     
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Column Interaction Diagram – Typical Exterior/Interior Column   
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Figure 14:  Steel Framing & Non Composite Concrete Deck 
by RS Means 

 

 

 

 

 

 

 

 

 

Alternative System One 
 

Steel Frame & Non-Composite Concrete Deck 
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Steel Frame & Non-Composite Concrete Deck 

 

One possible alternative floor system is a non-composite concrete deck supported by steel 

framing.  In this scenario, the columns, beams, and girders of the structure would consist of 

various wide flange members.  The metal decking would span the beams and girders and act as 

the formwork for the concrete that would be cast on top of the decking.  For this system, light 

weigh concrete with a topping thickness of 3.25” was selected in order to achieve a 2 hour fire 

rating without having to fireproof the underside of the metal decking.  This thinner topping also 

aids in minimizing the depth of this system.   

This system offers many benefits to the overall design of the structure.  One major benefit is 

that this system significantly reduces the overall weight of the building.  This is accomplished 

though the implementation of a thinner floor slab and the use of economical steel members in 

place of heavy concrete elements.  By reducing the overall weight of the structure, the 

earthquake design load on the structure is reduced as well as the size of footings in the 

foundation.   

A steel system in place of concrete would also affect the lateral force resisting system of the 

structure.  In place of a concrete shear wall, the logical choices of braced frames and moment 

frames constructed of steel members would need to be investigated.   

The use of this system also has potential disadvantages.  For example, the following calculations 

found that the minimum floor depth of a non-composite system would be 6.25” deeper than 

the original design.  This would affect the architectural design of the interior spaces, as the floor 

to ceiling height would be reduced (in order to maintain the same story heights).   

Another disadvantage of this system is that the lighter weight of the floor can give way to 

vibration.  This serviceability aspect can make for an unpleasant space if not dealt with 

properly.  Further investigation would need to be done in order to assess if the amount of 

vibration that this system would experience.   

Also note that two permutation of this system will be calculated: beams running in the short 

direction and beams running in the long direction.  Due to the similarities in cost and weight (as 

well as the latter possessing better constructability potential - few pieces to erect), the long 

span beam option will be used in the comparison section. 

A more complete comparison of this system against the original system and the other 

alternatives may be found in the latter portion of this document.    
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Figure 15:  Steel Framing & Non Composite Concrete Deck 
by RS Means 

 

 

 

 

 

 

 

 

 

 

Alternative System Two 
 

Steel Frame & Composite Concrete Deck 
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Steel Frame & Composite Concrete Deck 

 

Another possible alternative floor system is a composite concrete deck supported by steel 

framing.  In this scenario, the columns, beams, and girders of the structure would consist of 

various wide flange members.  The metal decking would span the beams and girders and act as 

the formwork for the concrete that would be cast on top of the decking.  Shear studs would be 

welded to the top flange of supporting members.  These studs will act to transfer shear force 

from the beam into the slab.  This will in turn increase the moment capacity of the section and 

allow for a smaller wide flange section (relative to the non-composite option).  For this system, 

light weigh concrete with a topping thickness of 3.25” was selected in order to achieve a 2 hour 

fire rating without having to fireproof the underside of the metal decking.  This thinner topping 

also aids in minimizing the depth of this system.   

One major benefit of this system is that this it significantly reduces the overall weight of the 

building.  This is accomplished though the implementation of a thinner floor slab and the use of 

economical steel members in place of heavy concrete elements.  By reducing the overall weight 

of the structure, the earthquake design load on the structure is reduced as well as the size of 

footings in the foundation.   

A steel system in place of concrete would also affect the lateral force resisting system of the 

structure.  In place of a concrete shear wall, the logical choices of braced frames and moment 

frames constructed of steel members would need to be investigated.   

The use of this system also has potential disadvantages.  For example, the following calculations 

found that the minimum floor depth of a non-composite system would be 3.25” deeper than 

the original design.  This would affect the architectural design of the interior spaces, as the floor 

to ceiling height would be reduced (in order to maintain the same story heights).  Another 

disadvantage of this system is that the lighter weight of the floor can give way to vibration.  This 

serviceability aspect can make for an unpleasant space if not dealt with properly.  Further 

investigation would need to be done in order to assess if the amount of vibration that this 

system would experience.   

Also note that two permutation of this system will be calculated: beams running in the short 

direction and beams running in the long direction.  Due to the similarities in cost and weight (as 

well as the latter possessing better constructability potential - few pieces to erect), the long 

span beam option will be used in the comparison section.  A more complete comparison of this 

system against the original system and the other alternatives may be found in the latter portion 

of this document.    
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Figure 16:  Steel Framing & Hollow Core Concrete Planks 
by RS Means 

 

 

 

 

 

 

 

 

 

 

Alternative System Three 
 

Steel Frame & Hollow Core Concrete Planks 
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Steel Frame & Hollow Core Concrete Planks 

 

The third possible alternative floor system that will be investigated is hollow core concrete 

planks supported by steel framing.  In this scenario, the columns, beams, and girders of the 

structure would consist of various wide flange members.  The floor would be comprised of 

precast hollow core planks which would span the 20’ dimension of the typical bay.  For this 

system, normal weigh concrete with a topping thickness of 2.0” was selected in order to 

achieve a 2 hour fire rating as well as increase the strength of the section and lessen potential 

vibration.   

This system offers limited benefits to the overall design of the structure.  One major benefit is 

that this system significantly reduces the overall weight of the building.  This is accomplished 

though the implementation of a lighter floor slab and the use of economical steel members in 

place of heavy concrete elements.  By reducing the overall weight of the structure, the 

earthquake design load on the structure is reduced as well as the size of footings in the 

foundation.   

A steel system in place of concrete would also affect the lateral force resisting system of the 

structure.  In place of a concrete shear wall, the logical choices of braced frames and moment 

frames constructed of steel members would need to be investigated.   

The use of this system also has potential disadvantages.  For example, the following calculations 

found that the minimum floor depth of a non-composite system would be 38” deep, which is 

significantly deeper than the original design.  This would most likely reduce the amount of 

leasable space, as one floor would need to be removed from the design in order to still meet 

height requirements of the local.   

Research shows that another disadvantage of this system that it is susceptible to vibration 

(even with the 2” topping).  This serviceability aspect can make for an unpleasant space if not 

dealt with properly.  Further investigation would need to be done in order to assess if the 

amount of vibration that this system would experience.   

This system relies on regular, repetitive geometries.  Thus, another significant disadvantage is 

that this system would be hard to design, construct, and install properly given the irregularities 

that exist in many spaces of the architectural design.   

A more complete comparison of this system against the original system and the other 

alternatives may be found in the latter portion of this document.    
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Floor System Comparison Tables 
 

Weight, Cost, Summary 
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Appendix A 
 

Gravity Load Documentation 
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Appendix B 
 

Building Drawings 
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 Figure 17:  Typical Office Floor Plan – A2.19 of Construction Documents 
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Figure 18:  Wall Section – A4.05 of Construction Documents 

Figure 20:  Precast Connection Detail – S4.01 of CD’s 

Figure 19:  Precast Connection Plan – S4.01 of CD’s 
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Figure 25: Projection of Post Tension Beam – by JMV 

Figure 24: South West Corner – by JMV 

Figure 22: North East Curtain Wall – by JMV 

Figure 23: Unfinished Retail Space – by JMV 

Figure 21: Decorative Precast Panel – by JMV 

 


