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Executive Summary 
 

AC Hotel Philadelphia is a 15-story residential transient hotel (including penthouse) 

located in the heart of downtown Philadelphia.  This new hotel, owned by Baywood Hotels, will 

be built on top of the previous NFL Films and Warner Bros distribution center, a historic two-

story building located at the corner of Florist and North 13th Street in Philadelphia. 

The original two-story, 31’-0” tall building is a load bearing masonry structure.  In order 

to properly satisfy the proposed addition, a mat foundation of varying thickness will be installed 

and the building will be gutted and restructured.  The new construction will consist of 

composite steel at the bottom two levels, supporting a 12-story steel-frame structure atop, 

capped with a penthouse.  The typical floor to floor height measures 10’6”.  Multiple 14” shear 

walls make up the lateral system until floor 3 where braced frames are utilized for 

architectural/spatial purposes including door and window openings. 

AC Hotel Philadelphia was designed using the 2009 edition of the International Building 

Code and ASCE 7-05 was used to determine lateral loads on the building.  The City of 

Philadelphia Building Code (with current amendments) and the 2014 version of “AC Hotels by 

Marriott Design Standards” were also used as references.  The Philadelphia Historical 

Commission also influenced the project boundaries. 

The purpose of this report is to identify the structural loads used in the design of AC 

Hotel Philadelphia.  Gravity, wind and seismic loads are established in the following report. A 

code analysis was completed in order to have an accurate understanding of the design loads 

used for 230 North 13th Street.  Codes were used in accordance to the actual design codes 

applied when designing the building. 
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Site Location 
 230 North 13th St. is located in Philadelphia, Pennsylvania in proximity to the Liberty 

Bell, The Franklin Institute and the Eastern State Penitentiary.  The site lies northeast of center 

city, offering dwellers a beautiful view of the Philadelphia skyline.  Figures 1 and 2 clarify the 

exact location below. 

 

 

 

 

 

 

 

  

New 

Building 

Location 

Figure 2: Map of Philadelphia (Courtesy Google Maps) 

Figure 1: Overhead view 
of 230 North 13th St in 
Philadelphia, Pa (Courtesy 
of Google Maps) 
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Documents used in preparation for this report 

 

Listed below are the codes and other supporting documents which were used to 

determine loads, factors and other variables for this report. 
 

 American Society of Civil Engineers  

o ASCE 7-05 

 International Code Council 

o International Building Code 2009  

 Construction drawings 

o Courtesy Holbert Apple Associates  

 Course notes from previous semesters 

o AE530 – Computer Modeling of Buildings 

o AE 430 - Indeterminate Structures 

o AE 403 - Advanced Steel Design 

 Hambro  Composite Floor System Design Guide 

 Girder-Slab System LRFD Version Design Guide v3.1  

o Courtesy Holbert Apple Associates 

 AISC Steel Manual 
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Gravity Load Determination (Dead, Live & Snow) 

 Roof Loads 
 

The roof load calculated below is for the extensive green roof used in several locations 

around the building.  Loads are compared to code minimum (IBC ch 16, Table 1607.1) 

within each section.  Original loads, determined by professionals are located at the end 

of the gravity load portion of this report.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Note: Compared to extensive green roofs. intensive green roofs require higher design criteria because of the possibility 
of human traffic over it.  Modular Green Roof Systems vary in weight, therefore an average load was applied. 
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Floor Loads 

 
The girder-slab system is utilized to benefit construction efficiency and to reduce floor-to-floor height. 
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Exterior Wall Loads 
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Listed below are the dead load values used by the engineers who originally determined the 

loads for AC Marriott Philadelphia. 

 

 

 

 

 

 

 
 

 

 

Table 1: Superimposed dead loads 
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Wind Load Determination 
 

The following section is the wind calculations for 230 North 13th Street using ASCE 7-05 

chapter 6.  Most of the calculations were determined using Microsoft Excel, therefore 

spreadsheets are provided.  These spreadsheets can be found at the end of this section 

and in Appendix A which also include base shear, along with diagrams which visually 

display the forces & pressures vs. building height. 
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Table 2: Wind pressures for windward, leeward and uplift displayed for the North-South direction. 

Table 3: Other factors used for wind 
determination (N-S direction). 

Table 4: Wind story shears 
displayed for the (N-S) direction. 
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Table 5: Wind pressures for windward, leeward and uplift displayed for the North-South direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Other factors used for wind 
determination (E-W direction). 

Table 7: Wind story shears 
displayed for the (E-W) direction. 
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Seismic Load Determination 
 

 Seismic loads are calculated in the following section using ASCE 7-05, chapters 11 &12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Seismic design criteria based on exact site location (Courtesy http://ehp2-
earthquake.wr.usgs.gov) 
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Table 6: Floor-by-floor breakdown of total building mass for AC Hotel Philadelphia. 

Table 7: Seismic story shears displayed for both orthogonal directions. 
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Typical Bay  
 

Bays sizes vary within AC Hotel Philadelphia, therefore, an average size bay was selected for 

consideration.  Due to the fact that the chosen bay is guest rooms, loads are based off private 

occupancy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Typical Bay 
(4-8, B-C)

Columns under 

consideration 
(B8 & C8) 

Figure 4: Typical floor for AC Hotel Philadelphia shown above (approx. 94'x63'). 
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Member Spot Check  
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Column Load Spot Check  
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Alternative Systems 
 

During my analysis, three framing systems were examined: 

 

1. Non-Composite Steel Framing 

 

2. Composite Steel Framing 

 

3. Hambro D-500 Composite 
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Alternative System 1: Non-Composite Steel Framing 
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Alternative System 2: Composite Steel Framing 
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Alternative System 3: Hambro D-500 Composite Girder 
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System Comparison 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8: Several different floor systems are compared by various factors for AC Hotel Philadelphia. 
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Lateral Analysis 

The scope of the analysis for Notebook Submission C includes an in-depth lateral force 

evaluation of 230 N. 13th St.  A 3D model was created in RAM Structural System to model the 

lateral force resisting elements of the structure and examine how the forces are distributed to 

the lateral elements.  Results from RAM were compared to calculations computed by hand to 

verify if the values make sense.  Appendix B contains more relevant tables and visuals for 

Notebook Submission C that are not included in the report.  

  

 

 

 

 

 

 

 

 

 
Figure 5: 3D model of AC Hotel Philadelphia created in RAM 

Structural System.  Certain elements of the building that do not have 
an impact on my investigation were not modeled. 

Figure 6: 3D representation of AC Hotel Philadelphia 
provided by Holbert Apple Associates. 
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Lateral Resisting Elements 
 

The lateral system for 230 N 13th St. is made up of eight braced frames spanning 13’ to 20’ in 

both orthogonal directions.  They are positioned in a configuration that keeps the COR towards 

the center of the structure which helps reduce eccentricity.  Since braced frames are the most 

rigid steel lateral-resisting element, fewer frames are required which allows more spatial 

opportunities for the architects’ floor layout. 
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Figure 7: Typical floor plan showing all of the lateral resisting elements.  BF 1-5 are concentric braced frames, BF-6 is an eccentric braced 
frame and BF 7-8 are regular braced frames. 
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Modeling Approach/Assumptions/Constraints 
To model AC Hotel Philadelphia, RAM Structural System was selected.  The modeling process 

began with establishing the grid coordinates for the building as per the construction drawings.  

Once the grid was in place, the various floor plans within the building were modeled (Level 1, 

Level 2, Level 3, Typ. Level, Penthouse Level and Roof).  Only columns supporting the braced 

frames were considered to be lateral columns, all others are gravity columns.  To help simplify 

the model, only beams that had impact on the lateral resisting elements were modeled.  It was 

also decided to not model the cellar level (beneath grade) because the amount of time it would 

have taken to model does not compare to the minimal amount it would have changed the 

results.  Once the structure was modeled, member sizes were assigned to all of the lateral 

beams, columns and braced frames. Surface loads and line loads were then applied where 

appropriate, and mass dead loads were inserted in place of the mechanical equipment and any 

other substantial loads (i.e. pool on the second level).  After the loads were imputed, the fixity 

of the members were applied.  For beams and braces, a pinned connection was chosen for the 

major & minor axes, and fixed for torsion on each end.  The columns are all fixed connections 

with the exception of the bottom of the columns at the base of the structure, where 

minor/major axes are pinned and torsion is fixed.  As a way to reduce the amount of errors in 

the building model, the “integrity check” command was ran at least one time per floor.  This 

made it much easier in the end since locating an error on an individual floor is much easier than 

finding an error within the whole building.  To allow forces to be distributed into the resisting 

elements, nodes in RAM were released.  It is important to keep some of the nodes connected, 

otherwise complications will arise within the program.  While modeling, the following 

assumptions were also made for simplification: 

 

 

 

 

 

 

 

 

 

 6” slab edge overhang 

 Dissymmetrical beam conversion (D-beams not available in RAM) 

o DB8x37=W8x35 

o DB8x61-W8x58 

o DB8x65=W8x67 

 Only modeled (2) stair openings & (1) elevator shaft opening  

 BF-6 (3’3” on both sides) 

 Beams considered rigid for frame rigidity calculations 

 Diaphragm for all levels considered rigid 

 Extra beams/columns inserted where necessary to avoid complications within RAM 

(these do not affect any output numbers) 

 From the Penthouse level and above, there is a curtainwall/terracotta rain screen 

system, so the value of 27.5psf was reduced to 15psf for the dual system 

 P-delta effects are included for RAM analysis 
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COM & COR 

The center of mass (COM) and center of rigidity (COR) were calculated both by hand and by 

RAM for the typical level in the building.  Both the COM & COR varied from floor-floor, but the 

variation was minimal, so evaluating Level 4 is a reasonable approximation for the entire 

structure.  The following diagrams illustrate the approximate rigidities of the braced frames.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Notebook Submission B     Advisor   |    Heather Sustersic 
           Structural 
    

      

JESSE C BORDEAU     57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Notebook Submission B     Advisor   |    Heather Sustersic 
           Structural 
    

      

JESSE C BORDEAU     58 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

The values above seem reasonable because the COR was found to be in a location that lies in 

the middle of all of the LRE (Lateral Resisting Elements).  The COM was found to be near the 

center of the floor which also makes sense because the floors do not contain any elements 

which would drastically move the COM from the middle.  Detailed spreadsheets for COM and 

COR can be found in Appendix B. 
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Direct Shear & Torsional Rigidity 
 

When analyzing how lateral loads find their way into buildings, it is important to keep in mind 

that load follows stiffness.  To find the direct shear in each lateral resisting element, this 

proportional distribution of forces was applied and the results can be found below.  Torsional 

shear takes into account the amount of eccentricity the building experiences.  Larger 

eccentricities occur when the COR is not near the COP (which acts at the middle of the 

structure).  In the specific case of AC Hotel Philadelphia, both hand calculations and RAM found 

the COR to be within one foot of the COP, which explains why the torsional shear is miniscule.  

Results for torsional shear can also be found below.  Full results and calculations can be found 

in Appendix B. 
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Wind Load Comparison 
 

Table 9 and 10 below are tabulated wind pressure values for the various levels of AC Hotel 

Philadelphia.  Minor differences in pressures are due to the elevation they were analyzed at.  

Hand calculations were analyzed at each floor and RAM uses mid-floor elevations to do so.   

Hand calculations include the elevator roof which was not modeled in RAM.  The largest 

variation in calculations is in the building period calculation.  Hand calculations yield a building 

period of 1.55s compared to RAM’s calculated building period of 2.46s.  The reason these 

values vary so greatly is the fact that in ASCE7-05, section 12.8.2, it states that it is permitted to 

use the approximate building period, Ta, for the fundamental period, T for hand computations, 

while RAM actually solves for the fundamental building period. 

 

 

 

 

Table 9: Tabulated wind pressures calculated by hand 
for various heights 

Table 10: Tabulated wind pressures calculated by RAM values 
for various elevations. 
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Applied Story Forces (N-S) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After analyzing the story forces, it is easy to see that my hand calculations yielded slightly 

higher forces at all elevations which results in a much larger overall force in each direction.  All 

though my forces are off, they are proportional, therefore, the error is most likely from not 

distributing the pressures correctly to each floor by tributary height.   

 

Table 12: RAM output showing the applied story 
forces in the North-South direction. 

Table 14: RAM output showing the applied story 
forces in the North-South direction. 

Applied Story Forces (E-W) 

Table 11: Hand calculations showing the applied story 
forces in the North-South direction. 

Table 13: Hand calculations showing the applied story 
forces in the North-South direction. 
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Seismic Load Comparison 
 

Seismic load calculations varied significantly from my hand calculations to the results RAM 

produced.  The main reason my hand calculations found a building weight much greater 

(approx. 3000k) than RAM is due to the fact some members in RAM were not modeled because 

it was not required to have a full 3D model for the assignment.  Also, as noted in the wind 

calculations above, the building period used for hand calculations was nearly double what RAM 

used.  With this said, AC Hotel Philadelphia was designed with a base shear of 92k compared to 

84.4k from RAM which is reasonably close.  If the two changes were made in the 3D RAM 

model, the results in Table 15 would be much closer to what they should be. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 16: RAM output showing the applied story forces in 
both orthogonal directions under seismic conditions. 

Table 15: Hand calculations showing the applied story 
forces in both orthogonal directions under seismic 

conditions. 
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Controlling Load Case 
After analyzing both wind and seismic forces on the building, wind was determined to be the 

governing load case.  Hand calculations show much higher values for seismic conditions, but 

knowing why the values vary so greatly from RAM verify that wind will control.  This was also 

verified by looking at the overall geological location of the build site (Philadelphia, Pa), and 

realizing that wind would most likely control on the East coast.  Therefore, the following checks 

will use values from wind conditions to verify the lateral systems and the members that 

comprise it. 

Lateral System Checks 
Allowable Drift 

 

 

 

 

 

 

In ASCE7-05, Figure 6-9, design wind load cases are presented.  Of the four cases, case 1 

controlled which is a “full design wind pressure acting on the projected area perpendicular to 

each principal axis of the structure, each axis considered separately.”  In RAM, this is equivalent 

to wind case 2 which analyzes the building in the N-S direction.  This makes sense because the 

building is shallower in the N-S direction, allowing larger overall drift values.  The largest drift 

due to seismic activity is only 1.71” at the roof level which also confirms that wind controls over 

seismic. 

 

 

 

Allowable Drift 

Allowable Inter-story Drift 

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑑𝑟𝑖𝑓𝑡 =
ℎ

400
=

191 ∗ 12

400
= 5.73" 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑟𝑖𝑓𝑡 (𝑓𝑟𝑜𝑚 𝑅𝐴𝑀 𝑜𝑢𝑡𝑝𝑢𝑡)

= 4.74" @ 𝑅𝑜𝑜𝑓 𝐿𝑒𝑣𝑒𝑙 < 5.73" 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 √ 

 

Table 18: Possible load cases considered in RAM. 

Table 17: Displacements due to wind for the Roof level of AC 
Hotel Philadelphia. 

Figure 8: Deflected shape under wind 
conditions in the N-S direction. 
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To keep values comparable, inter-story drifts were evaluated for the same wind case (case 1) 

that controlled the design (N-S direction).  Note that the actual drifts are compared to h/400 

drift for all building level elevations 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the table above, all of the levels meet the drift requirement of H/400. 

Figure 9: Actual drift compared to allowable drift (h/400) for various elevations of AC Hotel Philadelphia 

Table 9: Displays whether or not each level meets the drift criteria. 
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Member Spot Check for Lateral Loads 
 

The area under consideration is a typical level (level 4). Elements under consideration are 

marked.  BF-1 was selected because it resists forces in the N-S direction which is the axis being 

considered for lateral forces, making the braces in that direction more critical. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BF-1 (Column line 3, spanning B-C) 

        Column: W14x211 

        Beam: W14x26 

        Brace: HSS 6x6x1/2 

 

Figure 10: Typical floor plan revealing lateral elements/locations and the braced frame being studied. 
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A member analysis check was run in RAM which reveals whether or not member sizes are 

adequate under various load combinations.  The code used to check the members is AISC360-

05 LRFD.  The results are found below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The color scale to the right shows the % capacity each member is experiencing under loading, 

with red meaning that the member is failing.  With this said, it should be noted that all of the 

failing members are at 101% capacity, therefore, since approximations were made during the 

modeling process, all members are considered adequate for analysis purposes. 

Figure 11: RAM model displaying individual member stresses.  This 
feature allows the user to see which members are failing under loading 

conditions and by how much. 



Notebook Submission B     Advisor   |    Heather Sustersic 
           Structural 
    

      

JESSE C BORDEAU     69 

 

Appendix A 
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Appendix B 
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