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Executive Summary 

West Village Housing Phases III & IV is located on Emerson Drive in Towson Maryland on 

Towson University’s campus.  The project consists of two residential halls which will contain 

approximately 325,000 gross square feet of apartment-style accommodations for upper level 

students.  The 9 and 11 story residence halls will contain a mix of two and four bedroom 

apartments.  Each with single occupancy rooms and shared bathrooms, kitchens and living 

areas.  Green roofs, penthouses and a basement are also planned to be included.   The two 

buildings have not been named yet.  

Structurally, the buildings are composed of 8” thick two-way post-tensioned concrete flat plates 

supported by concrete columns.  Bays are roughly 27’ by 20’ with slight variances as the 

buildings shape changes. They are reinforced with ½” diameter un-bonded tendons in each 

direction and mild reinforcing, as required.  In addition to the floor composition, perimeter 

steel angles will be provided at each floor level to support the exterior brick veneer with metal 

frame back up. 12” thick concrete shear walls will effectively resist the forces imposed on the 

building from all lateral loads.  It shall be assumed that all stair and elevator walls be concrete 

shear walls. 

The buildings began construction simultaneously in September of 2014 to address the 

continued demand for on-campus housing and are planned to be finished in the summer of 

2016.  They were designed considering live loads, gravity loads, snow loads, wind loads, seismic 

loads, and lateral loads.  The lateral force resisting system in the building is primarily made up 

of shear walls that are located around the two stair towers of the structure.   The project uses 

the 2012 Edition of the International Building Code and ASCE 7-10.  Design loads were 

determined based on these codes, additional Baltimore Maryland County Codes and 

Ordinances, as well as practical engineering judgments.   

For purposes of clarity and organization, this report and those following will be based off of the 

design and construction of the North building shown in Figure 1.  Financial figures are being 

withheld upon request of the owner. 

The continuation of this report will cover all of the above elements of this project and more in 

greater detail.   
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1 General Information 

1.1 Purpose and Scope 

The objective of this report is to perform a detailed analysis of Townson University’s, West 

Village Housing Phases III & IV North building by performing typical member spot checks for 

gravity loads that were previously determined in Notebook Submission A. 

This report will include an overview of the site location and plan.  It will discuss and present 

calculations for the current structural system as well as three alternative framing systems.  A list 

of relevant resource documents used in design are also presented.   

The knowledge documented in this report will be used as reference in future technical reports. 

 

1.2 Site Location and Plan 

Figure 2: Vicinity Map 

Figure 1: Site Landscaping 
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Figure 1: General Grading Plan 
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1.3 Documents Used During Preparation of Report 

The following is a list of the design codes, standards or other references used on the project.  

These codes will be used to structurally analyze the loads on the structure of the West Village 

Housing Phases III & IV North building. 

International Code Council 

- International Building Code, 2012 Edition 

- International Building Code, 2006 Edition 

 Used for drift and sliding snow loads only 

 

American Society of Civil Engineers 

- ASCE 7-10: Minimum Design Loads for Building and Other Structures 

 

West Village Housing Phases III & IV 

- Construction Drawings 

- Specifications and details 

- Correspondence with Project Engineers 

 

Previous Course and Internship Notes/Resources 
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2  Gravity Loads 

The gravity load calculations include dead, live and snow loads.  The calculated loads will be 

compared to the actual loads used in the design of the building. 

2.1 Dead and Live Loads 

Figures 2 and 3 are sections taken from the architectural drawings on this project.  Both are 

used to determine the composition of the component inorder to calculate the dead and live 

loads for the typical roof construction, floor construction and exterior wall construction.  A 

typical floor cross section is provided in the calculations due to its absence in the drawings. 

 

 

 

 

Figure 2: Typical roof bay cross section  
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Figure 3: Typical Exterior Wall Detail 
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3 Wind Loads 

This section provides an overview of the wind loads considered for design.  Tables 1 and 2 show 

the total windward and leeward pressures experienced on the building in both the E-W and N-S 

directions.  Following these tables are hand calculations showing the wind load procedure 

found in ASCE 7-10 section 26.  The calculations evaluate the North building residence hall.  This 

includes 8 residence levels with a smaller penthouse at the lower roof level.   

 

3.1 Calculations 

Table 1:  Wind Force Determination E-W 

Building 
Level 

Height 
above 
ground 

level z (ft) 

KZ qz pz(W) ph(L) 
Total 

(psf) 

Level 1 0.0 0.575 16.54 10.59 -11.11 21.70 

Level 2 12.0 0.575 16.54 10.59 -11.11 21.70 

Level 3 21.3 0.635 18.28 11.70 -11.11 22.81 

Level 4 30.7 0.705 20.29 12.99 -11.11 24.10 

Level 5 40.0 0.761 21.89 14.01 -11.11 25.12 

Level 6 49.3 0.807 23.24 14.87 -11.11 25.98 

Level 7 58.7 0.849 24.42 15.63 -11.11 26.74 

Level 8 68.0 0.885 25.47 16.31 -11.11 27.42 

Lower Roof 78.8 0.923 26.57 17.01 -11.11 28.12 

PH Roof 86.7 0.949 27.30 17.48 -11.11 28.59 

 

Table 2:  Wind Force Determination N-S  

Building 
Level 

Height 
above 
ground 

level z (ft) 

KZ qz pz(W) ph(L) 
Total 

(psf) 

Level 1 0.0 0.575 16.54 11.25 -4.72 15.97 

Level 2 12.0 0.575 16.54 11.25 -4.72 15.97 

Level 3 21.3 0.635 18.28 12.43 -4.72 17.15 

Level 4 30.7 0.705 20.29 13.80 -4.72 18.52 

Level 5 40.0 0.761 21.89 14.88 -4.72 19.60 

Level 6 49.3 0.807 23.24 15.80 -4.72 20.52 

Level 7 58.7 0.849 24.42 16.61 -4.72 21.33 

Level 8 68.0 0.885 25.47 17.32 -4.72 22.04 

Lower Roof 78.8 0.923 26.57 18.07 -4.72 22.79 

PH Roof 86.7 0.949 27.30 18.56 -4.72 23.28 



Structural Notebook Submission B      Mark Bland [Structural] 

 

14 West Village Housing Phases III & IV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Structural Notebook Submission B      Mark Bland [Structural] 

 

15 West Village Housing Phases III & IV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Structural Notebook Submission B      Mark Bland [Structural] 

 

16 West Village Housing Phases III & IV 

Table 3:  Base Shear Determination E-W 

Building 
Level 

Height above 
ground level 

z (ft) 

Tributary 

Height 

(ft) 

Total 

Pressure 

(psf) 

Total Lateral 

Story Force 

(kip) 

Level 1 0.0 6.00 21.70 39.06 

Level 2 12.0 10.65 21.70 69.32 

Level 3 21.3 9.34 22.81 63.89 

Level 4 30.7 9.35 24.10 67.59 

Level 5 40.0 9.32 25.12 70.20 

Level 6 49.3 9.34 25.98 72.77 

Level 7 58.7 9.35 26.74 75.01 

Level 8 68.0 10.08 27.42 82.90 

Lower 

Roof 78.8 9.34 
28.12 78.75 

PH Roof 86.7 3.92 28.59 33.62 

Total Base Shear (kips) = 653.11 

 

Table 4:  Base Shear Determination N-S 

Building 
Level 

Height above 
ground level 

z (ft) 

Tributary 

Height 

(ft) 

Total 

Pressure 

(psf) 

Total Lateral 

Story Force 

(kip) 

Level 1 0.0 6.00 15.97 5.84 

Level 2 12.0 10.65 15.97 10.37 

Level 3 21.3 9.34 17.15 9.77 

Level 4 30.7 9.35 18.52 10.56 

Level 5 40.0 9.32 19.60 11.14 

Level 6 49.3 9.34 20.52 11.69 

Level 7 58.7 9.35 21.33 12.16 

Level 8 68.0 10.08 22.04 13.55 

Lower 

Roof 78.8 9.34 
22.79 12.98 

PH Roof 86.7 3.92 23.28 5.57 

Total Base Shear (kips) = 103.63 
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4 Seismic Loads 

This section provides an overview of the seismic loads considered for design.  Below is the 

standard procedure to calculate seismic loads which is in accordance with ASCE 7-10 section 11.  

The main lateral force resisting elements in the structure are ordinary reinforced concrete 

shear walls 

 

4.1 Calculations 
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Table 5:  Seismic Load Determination 

Building 
Level 

Height 
above 
ground 

level z (ft) 

Tributary 

Height (ft) 

Total 
Floor 
Dead 
Load 
(psf) 

Total 
Floor 
Area 
(s.f.) 

Total 
Exterior 

Wall Load 
(psf) 

Permiter 
(ft) 

Total Story Weight W 
(kip) 

Level 1 0.0 6.00 108 17400 52 700 2097.6 0.01 20.98 

Level 2 12.0 10.65 108 17400 52 700 2266.9 0.01 22.67 

Level 3 21.3 9.34 108 17400 52 700 2219.0 0.01 22.19 

Level 4 30.7 9.35 108 17400 52 700 2219.5 0.01 22.20 

Level 5 40.0 9.32 108 17400 52 700 2218.3 0.01 22.18 

Level 6 49.3 9.34 108 17400 52 700 2219.0 0.01 22.19 

Level 7 58.7 9.35 108 13320 52 564 1712.8 0.01 17.13 

Level 8 68.0 10.08 108 13320 52 564 1734.2 0.01 17.34 

Lower Roof 78.8 9.34 150 4928 52 408 937.3 0.01 9.37 

PH Roof 86.7 3.92 25 4928 0 408 123.2 0.01 1.23 

Total Base Shear (kips) = 177.48 

*Exterior wall types vary throughout the building.  In order to be conservative, the heaviest wall type (brick) will be 
used on all floors 
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5 Existing System Analysis 

Typical Bay and Columns Analyzed 

 

 

 

The prestressing (post-tensioning) in this slab introduces compression into what would be the 

tension zone of the slab if it was not prestressed.  To analyze this system the load balancing 

concept was used.  This procedure involves removing the tendons and replacing them with 

equivalent loads composed of horizontal and vertical forces, moments at the external supports 

and transverse forces along the tendon profile.  Counter-active forces in the tendons balance 

out a portion of the dead load.  The following analysis uses this method to determine the 

upward force exerted on the slab. 
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6 Design Alternate 1:   Two Way Flat Slab 

 

The typical 24’x27’ bay will now be redesigned as a two way concrete slab without the use of 

post-tensioning.  This will allow comparison to be drawn between post tensioned and non-post 

tensioned systems.   
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7 Design Alternate 2:  Composite Steel Beam 

 

The typical 24’x27’ bay will now be redesigned using composite steel deck and beams.  Decks 

are designed using Vulcraft catalogs and the beams/girders will be selected based on economy 

sizes within the AISC Steel Manual.   
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8 Design Alternate 3:  Non-Composite Steel Beam 

 

The typical 24’x27’ bay will now be redesigned using non-composite steel deck and beams.  

Decks are designed using Vulcraft catalogs and the beams/girders will be selected based on 

economy sizes within the AISC Steel Manual.  This will allow comparison to be drawn between 

composite and non-composite systems.   
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9 Closing 

In conclusion, when comparing the post-tensioned slab and the typical reinforced two 

way slab, one can tell that post tensioning does affect the slab depth.  The typical reinforced 

slab requires more reinforcement creating a greater cost per square foot.  I would recommend 

the post tensioned slab for a typical bay when comparing the two. 

 When looking at a composite steel system vs a non-composite system, two factors 

affect whether to use the system or not.  They are cost and depth.  The non-composite steel 

system costs a large amount more per square foot than the composite system does.  However, 

in this analysis, the depth of the composite system is greater.  Upon further analysis and 

engineering strategies, I believe the depth of the composite system could be reduced making it 

a more viable option. 

55
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Considerations
Post Tensioned Two 

Way Slab

Typical Reinforced 

Two Way Slab
Composite Steel Non-Composite Steel

Total System Depth 8" 10" 26" 21.5"

Fire Rating 2Hr. 2Hr. 2Hr. 2Hr.

Weight 125psf 135psf 79psf 61psf

Cost per square foot $21.36/SF $20.25/SF $19.22/SF $24.31/SF

Vibrations Minimal Minimal Expected Expected

Advantages

Smallest depth, limits 

vibrations, PT 

decrease load by 

~70%

Small depth, limits 

vibrations

Cheapest option, light 

weight, minimal 

formwork

Lightest system, 

minimal formwork

Disadvantages

Large weight,  

requires formwork, 

additional labor hours 

adds to cost

Largest weight, 

requires formwork

largest depth, chance 

of vibrations

large depth, chance of 

vibrations, most 

expensive system                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

System Comparison

Architectural

Servicability

Future Design Potential

System Information


