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Letter of Transmittal  
  

Robert Dawson 
rjd5414@psu.edu  
November 14, 2018  
  
Dr. Linda Hanagan  
The Pennsylvania State University  
210 Engineering Unit A  
University Park, PA 16802  
  

Dr. Hanagan,  

  

The following report is a lateral analysis study for the new Building A. This 
building is located in downtown State College, PA and is intended to be used for 
mixed use/student housing. In addition to the analysis of the existing structural 
design, there is a study on three alternate systems for the building.   

  

This submission is made up of calculations and a model for the lateral system that 
was studied. The table of contents shows the order of the calculations. At the end 
of the report is an appendix with more information on how certain values were 
determined as well as assumptions that were made.    

  

Thank you,  

Robert Dawson.  
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1.0 Executive Summary  
  

Building A (fake name) is a mixed-use building in downtown State  
College, PA. The building will serve as an apartment building for students at The 
Pennsylvania State University and will feature retail spaces along the street level 
for local people to enjoy. The building is 132,000sf with 5 stories of residential 
space and 2 stories of commercial retail space. The designing architects are WTW 
Architects and the builder is the general contractor Leonard S. Fiore. The project’s 
delivery method is Design – Bid – Build and it is on a 2-year project schedule. 
Construction is to start on September 1st, 2018 and it is to be completed by June 1st, 
2020. The total cost for this project is $21,764,00.   

The building will be constructed with concrete slabs and CMU blocks. The 
building features a parking garage on the 1st and 2nd floors and columns hold up the 
structure here. From floors 3-7 these columns do not continue to maximize 
apartment living space. The third floor features a very thick (26”) transfer slab to 
allow for this and the CMU block units bear most of the gravity weight in the 
residential floors of the building.  

The design for this building is in accordance with IBC 2009. The concrete 
design follows ACI and the steel is designed with the AISC reference standard.  

  

2.0 Abstract  
2.1 Project Team and Info  

Owner: HFL Corporation  

Architect: Penn Tera Engineering  

Builder: Leonard S. Fiore  

No. of Stories:7 above grade, 2 below  

Occupancy Type: Mixed Use/Student Housing Cost: 

$21,764,000  
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2.2 Systems  
 Construction                  

• Design – Bid – Build  
• 2-year timeline  
• September 2018 August 2022  
• Demo site before construction  

Structural  

• Hollow-core plank on block  
• Transfer slab between parking garage and residential spaces  

Concrete frame  

MEP  

• PTAC AC units in each apartment  
• Efficient Lighting   
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3.0 Site Plan  

 
  East Beaver Avenue   

  

4.0 Applicable Codes and Documents  
  Building A complies to IBC 2009 and IBC 2015 for Ch. 11 only. Wind and 
Seismic design is in accordance with 2009 IBC. The reference standard for 
concrete in this building is ACI. The reference standard for steel construction 
AISC.  

Documents  

• Building A Construction Plan  

• Specs  
• Building A Drawings  
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5.0 Gravity Loads  

5.1 Roof Bay  
Loads:  

• Live – 30psf  
• Snow – 40psf (2009 IBC)  

• Dead – 110psf o 8” Hollow Core Roof Plank – 100psf o Rigid 
Insulation – 1.5psf o Misc. (MEP, Ceiling) – 8psf  

ASCE Load Combination 3 controls roof design.   

  1.2D + 1.6S + L = 226psf  

  

5.2 Floor Bay  
Residential Loads:  

• Live – 40 psf  
• Dead – 135psf o 8” Hollow Core Plank – 100psf o 

CMU Partitions – 25 psf o Misc. (MEP, Ceiling) – 
10psf  

ASCE Load Combination 2 controls residential floor design.  

  1.2D + 1.6L = 226psf  
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Typical Roof and Floor Bay: 72’ – 4 5/8” x 26’  

 
Figure 3  

Cross Sections of Typical Floor and Roof Construction.  
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   Figure 4  

Parking Garage Loads:  

• Live – 40psf + 3000lb point load  

• Dead – 160psf o 12” Reinforced Slab – 120psf o 
Misc. (MEP) – 10psf  

ASCE Load Combination 2 controls parking garage design.  
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  1.2D + 1.6L = 256psf + 4800lb  

  

  

  

Typical Garage Bay:  

  26’ x 26’   

  

  

5.3 Exterior Wall  
Typical Wall Load:  

1. Dead – 75 o Exterior Brick – 
55psf o Glazing – 15psf o 
Siding – 5psf  

  

  

Exterior brick is not supported by 
the floor slab.  

6.0 Lateral Loads  

6.1 Wind Loads  
 Building A meets the conditions for the ASCE-7 “Simplified 

Directional Procedure for Buildings <160ft”  Class 2 Building 

Requirements  

1. Meets Section 26.2 Simple Diaphragm  

2. Mean Roof Height = 72’ (60’< 72’ < 160’)  
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3. L/B = 1.07 OR 0.93 (0.2 < 1.07 < 5.0)  

4. Na = 1.042  
5. Kzt = 1.0 (No adjustment)  

Risk Category: Category II (Apartments/Offices/Retail Space)  

Terrain: Sloped Terrain  

Basic Wind Speed: V = 115mph (90 in drawings. State College, PA)  

Exposure Category: B  

Topographic Factor: Kzt = 1.0   

  

From Table 27.6-1: Net pressures on walls @ the top and base:  

Direction  L/B  Ph  Po  Pz  

N-S  1.07  28.9  22.4  29.6  

E-W  0.963  29.1  22.7  29.8  
Table 1  

Values Linearly Interpolated based on L/B and h = 72’  

Total E–W Base Shear:  

  = ((29.1+22.7)/2)(72’)(143.33’) + (29.8)(4’)(143.33’)(2.25)  

  = 306kip  
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Total N–S Base Shear:  

  = ((28.9+22.4)/2)(72’)(154’) + (29.6)(4’)(154’)(2.25)  

  = 326kip  

  

 

Base Shear = 306kip  Figure 7 N-S Diagram  
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Base Shear = 326kip  Figure 8  

  

  

6.2 Seismic Loads  
  Seismic Loads determined from ASCE 7-10.  

Risk Category: Category II  

  S1 = 0.049  
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  Ss = 0.147  

  SDS = 0.098 (Category A)  

  SD1 = 0.033 (Category A)  

Seismic Response Coefficient:  

Cs max:   

  Ta = (Ct)(hi
x) = 0.7511  

    Ct = 0.016  

   hi = 72’    

 x = 0.9  

  Ta = 0.1N = 0.7  

    N = 7 (Stories above grade)  

  Ta = 0.7511    T < TL; Use Eqn. 12.8-3  

Cs max = SD1/(T(R/Ie)) = 0.01719   

  R = 1.5 (Ordinary Plain Masonry Shear Walls)  

  Ie = 1.0 (Used in Design)  

Cs min Check:  

  Cs min = (0.044)(0.098)(1.0) = 0.004312  Cs max OK Seismic 
Weight:    

Floors  

Floor  Floor Area (ft2)  Loading (psf)  Weight (kip)  

1  22,126  160  3541  

2  22,109  160  3538  

3-7  16550  135  2235  
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Roof  16550  110  1821  
Table 2  

Total Floor Weight = 11,135kip  

Exterior Wall  

Group 1 (Walls around floors 1-2)  

Surface area of group = 9520ft2  

Material  Material Area (ft2) Loading (psf)  Weight (kip)  

Masonry   7616  100  762  

Glazing  1904  15  26  
Table 3  

Group 2 (Walls around floors 3-7)  

Material   Material Area (ft2)  Loading (psf)  Weight (kip)  

Fiber Siding  24,000  5  120  

Metal Panels  4,800  10  48  

Brick  4,800  55  264  

Glazing  14,400  15  216  
Table 4  

Total Wall Weight = 1436kip  

Total Building Weight = 12,600kip  

Base Shear (same in both directions)  

  V = 0.01719(12,600) = 220kip  

Typical Bay and Member Spot Checks:  

Bay:  

  The typical bay chosen in this building is a 26x26 reinforced flat 
slab bay with 2x2 column.  This bay is located on the first and second 
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floors in the parking section of the building. The other bay that was 
studied is located on floors 3 – Roof. It is made of hollow core planks 
and rests on CMU masonry bearing walls.  

  

 

  
Residential Bay:  

Marked in Red  
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 7.0 Notebook B 
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Alternate Designs:  

  The first alternate design was tested in the residential bay to see 
how a two-way slab would work in place of the hollow core plank. A 
beam was place in the middle of the bay spanning across to the CMU 
bearing walls. The CMU walls surrounding the slab take the vertical 
weight of the floor system.  

  The second system is a flat slab with drop panels. It is designed to 
replace the existing parking garage bay. The main purpose for choosing 
this system is to eliminate the some of the concrete in the original floor 
and only keep it at the critical sections of the floor.  

  The third alternate system is a steel frame and composite deck. This 
was chosen to see if there was a realistic steel option for the structural 
system. This new system will also include columns that run continuously 
through the building with a splice between floors 5 and 6. This is done in 
order to eliminate the transfer slab and long span sections that the 
apartment layouts create. These columns and their locations will need 
further addressing and study to determine if their continuous run will be 
too much of an obstruction for the apartment units.  
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System Comparison:  

  
  Existing  Two-Way  Flat Slab 

w/Drop  
Panels  

Composite  

Steel  

Weight  

(psf)  
100 OR 150  100  112.5  100  

Cost  $14 psf  $16 psf  $15 psf  $15 psf  

Depth  8”- 12”  8” slab + 
23” Beam  

9” – 12”  5” deck + 
24” Beam  

Fire Rating  2 Hour  2.5 Hour  2.5 Hour  2.5 Hour  

Reasonable 
System  

  No  Yes  Yes  

  

  The two-way system has been ruled out because of the large beam and 
overall high cost. The system does not seem to be practical because the 23” beam is 
located under the apartments. In areas of the building with more load, it will be 
more work than its worth to pack in multiple large beams.  

  The flat slab with drop panels method will be the best option in the parking 
garage because it cuts out unneeded concrete and calls for more concrete in the 
critical areas. This also cuts back on cost and the overall weight of the floor system. 
For this system to be adopted, the next step is to check the large transfer slab to see 
if some concrete cut out of that slab.   

  The most promising design alternative seems to be the composite steel deck 
system. The major issue with this system is the column run. In order to eliminate 
the transfer slab between parking and residential floors, the columns will continue 
up through the building. This will be a challenge to change apartment layouts and 
to convince the architect that the columns in the apartments are not an issue. This 
system will also allow for much faster construction because CMU blocks to do not 
have to be laid by hand.   
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8.0 Lateral Analysis 

 The lateral analysis for building A consists of an ETABS model and 
hand calculations.  
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8.1 Model Information 
ETABS was used as the modeling software to study the lateral system in Building 
A. Dead loads were not included in the model, but the self-weight of the structure 
was included. All wind and seismic loads were taken from section 6&7. These 
loads were hand calculated as story shear loads and entered as user loads into the 
software.  

 

Model Assumptions 

 Columns on the first floor are all equal length. Longest length chosen to 
verify strength. (13’ 8”) 

 Foundation not modeled. Base reactions are all pins. 
 Interior walls that feature doors were modeled as continuous. The longest 

wall of 154’ only has 3 doorways @4’. These openings were considered to be 
negligible to the entire wall.  

 All columns modeled are Column C1 (see column section) 
 All walls modeled as “W5”. Indicated in drawings. 8” CMU #5 bars @48” 

O.C.  
o For model, the thickness was modified to 4” thick to more accurately 

depict wall. (see CMU section).  

 

 

  

Overall building 
simplified to this design 
for easy calcs and 
modeling. Slight variation, 
does not impact the 
overall building. Outside 
walls are not modeled 
because there are too 
many openings.  
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8.2 Loading 
Hand calcs compared to the User input load base shear results. 

Base Reactions Computer 
Output 

Notebook A 
Calcs 

% diff 

Wind E-W 283k 306k 7.5% 
Wind N-S 295k 326k 9.5% 
Seismic E-W 226k 220k 2.7% 
Seismic N-S 226k 220k 2.7% 

 

Computer analysis provided results that were acceptable for seismic. Wind results, 
were slightly lower than the hand calculated values but they should not present any 
issues with further analysis. 

8.3 Drift and Serviceability  

 
All displacements vary. The E-W wind case creates the greatest displacement for 
each floor. This were checked against code below, all were much lower than code 
requires.  

 

 

Displacement Checks 

The controlling displacemnt was the E-W wind case.  
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Seismic loading also cleared the code displacemnt.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Story Drift Checks 
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Story drift was checked using the maximum load case (Wind N-S). All 
were well beyond the code for masonry buildings 

 

 

 

 

 

 

 

 

 

8.4 Stiffness 
The stiffness of the CMU wall was calculated using ETABS. A separate model was 
built to check this. This model tests the same wall that was put in to the building 
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model. The model assumes a fixed base due to the rebar tie ins located every 48” at 
a minimum. 

Applying a 1k load to the top of the wall section resulted in displacement of 
0.000134in.  

To calculate the stiffness of the wall, the inverse of the displacement was taken. 
This gave a stiffness of 7463 k/in.   

Another section was tested for stiffness as well (seen below). The same wall was 
modeled resting on a 26” deep beam and 13’8” columns. This was to simulate the 
podium that the building rests on.  

The stiffness of this system was 362 k/in. This is much less than the fixed base 
CMU wall. This indicates that the top floors (all CMU walls) are resisting most of 
the lateral load.  

 

 

 

 

 

 

 

 

 

 

8.5 Center of Mass and Center of Rigidity 
The center of mass and center of rigidity were hand calculated at the 3rd floor to 
verify the computer model.  
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Center of Mass  

The center of mass was calculated by diving the building into a top half and bottom 
half, then averaging the two. Below are the tables used to calculate the top half of 
floor 3. (see appendix for floor calcs and COM averaging.)  

This image shows where the building was divided and indicates where each wall is. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1A 1B 

1C 

4A 

1D 

2B 

3A 

1E 

7A 
6A 

2A 
5A 
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This shows the center of mass for the top 

half of the building.  
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3rd Floor COM and COR 

 

 Center of Mass Center of Rigidity 
Computer (79’, 75.8’) (88.7’, 75.4) 
Calculated (79.5’, 74.75’) (84’, 74’) 

 

Both the calculated COM and COR are close to their respective computer values. 
The COR value is slightly off, this is most likely due to my assumption of stiffness 
in each wall. Below are hand calcs that show how the COR was Calculated.  
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Direct and Torsional Shear 

 

 

 

 

 

 

 

 

 

The direct and torsional components of the force are shown here in this chart (see appendix for eccentricity 
diagram). The stiffness for each wall was determined by looking at where the walls in floor 3 sit above to column. 
In the case of walls 1, 2, 14, 15,and 16, they all rested in a similar fashion to the podium tested in the stiffness 
section. They were given a k value of 362k/in to represent this. See the spot check section for verification of the 
direct force seen in the walls. 

 In all cases, the y direction is not a critical area for torsion because the COM ad COR were relatively close to each 
other. The wind N-S direction will be investigated to see how much shear and torsion is seen in the walls because it 
is the largest shear. The next page shows a diagram for the wall numbering system.
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The walls highlighted in yellow were neglected because about half of each wall 
rested to either side of the line of action, thus canceling each other out for torsion. 

 

 

 

 

1 2 3 

4 5 6 
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10 11 12 13 

14 15 16 

8 



  

56 | D a w s o n  
  

       

8.6 Spot Check 
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Appendix 
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