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Executive Summary 
 
 
This focus of this report is to introduce and analyze the existing conditions 
for the structural system of the Christina Landing Apartment Tower.  The 
building is a 22 story high rise which is part of a residential building project 
in Wilmington, Delaware.  The project site is located on the fringe of center 
city just south of the Christina River.  Included in the housing development 
are 63 townhouses, a river-walk, and a 2 acre park.  The tower is highly 
visible and able to be view from both interstate 95 and interstate 495, which 
bypass the heart of Wilmington. 
 
 
This report covers the design criteria used and all relevant codes.  It also 
includes detailed descriptions of the structural system incorporated to 
illustrate how the building resists the loads applied to it.  Building 
schematics have been included to allow for a better understanding of the 
building layout.  All required loads are given as well as calculations 
detailing wind, seismic, and snow loading.  Finally various structural 
elements are checked for size and capacity compatibility to the existing 
conditions.  All calculations done for this report are given in the appendix. 
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Introduction/Summary of Structural System 
 
The Christina Landing Apartment Tower is a predominantly cast-in-place 
concrete building.  Its floors are supported by a two way flat slab system.  It 
also incorporates some small areas of reinforced concrete beams or post-
tensioned beams.  Spans between columns are on average approximately 20 
to 25 feet.  The floors are supported by square and round concrete columns 
of various sizes.  The entire building is supported by a foundation system of 
H-piles and pile caps.  Concrete strengths differ throughout the structure, 
ranging from 4000psi to 8000psi. 
 
 
 
 
 
 

Codes Followed for Design 
 
-Building Officials and Code Administrators (BOCA) National Building 

Code / 1996 with City of Wilmington Amendments. 
-American Society of Civil Engineers 7-1995 (ASCE7-95)  
-Council of American Building Officials/American National Standards 

Institute (CABO/ANSI) 
-ANSI/ASME Standard A17.1 Safety Code for Elevators and Escalators 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Gregory R. Eckel Technical Report 1 Senior Thesis 

Pennsylvania State University  10-05-2005 4

Building Sketches 
 

 
 

 
Basic Building Layout 
Typical Floors (3-20) 
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Shear Walls 
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Description of Structure 
 
Slab and Framing System 
 
All the floors in the building have the same two way flat slab system, 
including the roof and the ground floor.  It is an 8” slab with #6 bars at 10” 
on center, each way in the top and #4 bars at 10” on center, each way in the 
bottom.  The strength of the concrete in the floor system is 5,600psi from the 
ground floor to the fifth floor and 4,500psi above the fifth floor.  Each floor 
also has small sections of concrete framing.  Some of these beams are post-
tensioned concrete framing.  The member sizes range from 12”x 16” to 36”x 
60”. 
 
 
Main Wind Force Resisting System (Lateral System) 
 
The main wind force resisting system consists of 4 concrete shear walls 
arranged in a core box at the center of the building.  The walls travel the 
height of the building.  They are 12” thick and range in length from 25 to 36 
feet.  The typical wall 
reinforcing is #4 bars each way 
in each face at 12” on center.  
All of the shear walls have at 
least one or two openings in 
them per floor for doors and 
windows.  In addition to the 
typical reinforcing two #9 bars 
travel the height of the building 
on each side of any opening.  
At the edge of each shear wall 
four #11 bars travel vertically 
through the structure. (see shear 
wall diagram for more 
information) 
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Foundation 
 
The building’s columns rest on the 
foundation system consisting of H-piles 
and 4,000psi concrete pile caps.  The 
pile caps range in size, shape, and the 
number of piles they sit on.  The H-
piles are H12x74s and are grouped in 
bunches of 2, 3, 4, 5, 6, 7, and 8 piles.  
The pile cap sizes range from 6’x 8’x 
43” for the grouping of 2 piles to 11’x 
10’x 60” for the areas with 8 piles.  The 
shear walls also rest on strip pile caps 
topping H-piles.  The edge of the slab 
on grade rests on grade beams which 
span the pile caps.             
 
 
 
 
 

Design Loads 
 
•110 psf Dead Load 
•15 psf Miscellaneous Dead Load 
•15 psf Snow Load 
•40psf Live Load Typical Floor 
•30 psf Live Load Roof 
•100 psf Live Load Public Space 
•150 psf Live Load Mechanical Floor 
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Wind Load 
 

The following image is a wind loading diagram for the apartment tower.  For 
the calculations I estimated the building to be a 91’x157’ rectangle.  These 
dimensions are conservative and provide the loading for the worst case 
scenario pressures on the structure.  In order to calculate the building 
pressures I used method 2 for high rise buildings from ASCE7.  It was also 
determined that the tower was not able to be classified as a rigid structure 
and therefore a gust factor needed to be found.  Other relevant information 
used in the wind loading calculations includes an importance factor of 1 and 
a wind exposure of class “C”.  The total base shear on the building due to 
this loading case is 894k and the total resisting moment at the base of the 
structure is 108,792 ft-k.  All of the information presented here is generated 
from calculations and spreadsheets in the appendix. 
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Seismic Load 
 

For the seismic calculations I also estimated the shape of the building as a 
91’x157’ rectangle.  Items to note include: seismic use group I, importance 
factor 1.0, soil site class E, and an R value of 6.0 for specially reinforce 
concrete shear walls.  All other design values, calculations, and spreadsheets 
are given in the appendix. 
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Snow Load 
 

The ground snow load in Wilmington Delaware can be conservatively 
assumed to be 25psf.  Being in an open area the exposure factor for the 
building is 0.9.  The building has the typical 1.0 thermal and importance 
factors.  After multiplying the ground load by exposure, thermal, and 
importance factors the roof snow load is 15.75psf. 

 
Spot Checks 

 
2-way slab 
 
For the 2-way slab check I used an average interior bay 25’x25’6”.  It can be 
seen in the diagram below enclosed by column lines B,C,6, and 7.  This bay 
is typical of floors 
3-20.  However the 
calculations I did 
only apply to floors 
15-20 where the 
compressive 
strength of the 
concrete is 4,500 
psi.  The slab 
analyzed is an 8” 
flat slab with #6 
bars at 10” on center 
each way in the top, 
and #4 bars at 10” on center each way in the bottom.  I used 40psf live load 
and assumed 120psf total dead load on the panel.  I checked the bay for the 
long span direction of 25’6”.  The following table gives my moments. 
 
 Column Strip Middle Strip 
Support 175.1ft-k 58.4ft-k 
Midspan 75.4ft-k 50.3ft-k 

 
I checked the top steel using the 175.1ft-k moment as the worst case and 
found that the slab is sufficient to withstand this bending moment.  For the 
bottom steel I used the 75.4ft-k moment and also found that the #4 bars were 
sufficient.  See appendix for all other calculations and assumptions. 
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Beam Check 
 
For the beam spot check I used a reinforced concrete beam spanning 
between columns A6 and B6 on the 21st floor.  The beam is 24” wide and 
16” deep, with five #8 bars in the top, and four #8 bars in the bottom.  The 
beam is in an exterior bay running perpendicular to the edge of slab.  It is 
supported by a 24” diameter round column on one side and a 24” square 
column on the other.  The beam has a 101ft-k positive moment and a 
157.3ft-k negative moment.  I found that both the top and bottom steel were 
sufficient to withstand these moments.  See appendix for all other 
calculations and assumptions. 
 

 
 
Column Check 
 
For the column check I used column B7 (upper right most column in above 
figure).  It is a 24” square column with ten #11 bars for reinforcement.  I 
analyzed the column between level 15 and 16.  The column has a tributary 
area of 550sqft per floor above.  Using a live load reduction the total live 
load can be lowered from 40psf to 16psf.  On completion of the column 
calculations I found that it was sufficient to carry the load applied.  See 
appendix for all other calculations and assumptions. 
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Shear Wall Check 
 
For the shear walls I checked the controlling wall for the worst case shear 
load.  I assumed the distribution to be equal between each of the shear walls 
in each direction.  The worst case shear was for seismic loading at 2422k, or 
1211k per wall.  I determined the maximum load able to be resisted by the 
wall to be 1865k and therefore conclude the shear wall system to be 
adequate.  See appendix for all other calculations and assumptions. 
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Appendix 
 

Wind Calculations 
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Seismic Calcuations 
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Snow Load Calculations 
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Spot Checks 
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