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Executive Summary 

 
 
The Christina Landing Apartment Tower is a 22 story apartment building 
located just outside center city Wilmington, DE.  The tower provides 
250,000 square feet of floor space.  The structure is a predominately cast-in-
place concrete building.  Its floors are supported by a two way flat slab 
system.  The typical floor system also incorporates small areas of reinforced 
concrete and post-tensioned beams to aid the lateral force resisting system.  
The floors are supported by square and round concrete columns.  Lateral 
forces induced on the building are resisted by a box of four shear walls.  All 
columns and shear walls rest on a foundation system of H-piles and pile 
caps.  Typical floor loads are 130psf dead load and 40psf live load. 
 
For this report I looked at the lateral resisting system in detail.  The system 
uses both a box of four shear walls, as well as concrete moment frames.  By 
choosing the controlling load case of wind from technical assignment 1 and 
using those story pressures I found the rigidities of the lateral resisting 
elements.  I found that the shear walls were much more rigid than the 
moment frames, however, the moment frames resist more load as the story 
heights increase.  Through a series of excel spreadsheets I was able to find 
the shear forces at each floor in all of my lateral resisting elements.  The 
base shear for the walls was as large as 750k while for the frames was as 
small as 7k.  The shear forces in the frames actually increase as the stories 
go up which seems unusual.  What actually happens is that as you come 
down the building the shear is transferred out of the frames and into the 
walls through the rigid floor diaphragms, because the walls are able to carry 
a much larger shear load on the lower floors.  Once all the forces for all the 
lateral resisting elements were calculated I analyzed them for story drift 
using both STAAD.Pro and RAM Advanse.  I found the drifts to be 
approximately 8” for both the wall and frame.  These deflections were 
greater than the maximum drifts of L/400 or 6.9”.  For my report I also 
checked one of the shear walls for strength requirements and found it to be 
inadequate in reinforcement.  However, because of the complexities of the 
wall I will need to look at it in greater detail to actually confirm whether or 
not it is sufficient.  
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Building Introduction 

 
 
The Christina Landing Apartment Tower is a 22 story apartment building 
located just outside center city Wilmington, DE.  The tower provides 
250,000 square feet of floor space and its footprint covers approximately 
12,000 square feet.  The typical floor to floor height (floors 3-20) is 10 feet, 
while the common spaces on the first and second floors and the penthouses 
on the 21st and 22nd floor have 12 foot floor heights.  The total building 
height is 230’.  The structure is a predominately cast-in-place concrete 
building.  Its floors are supported by a two way flat slab system.  Spans 
between columns are on average approximately 20 to 25 feet.  Other than the 
bays that contain slab openings, the typical panel ratios range from 1:1 to 
1:1.5 (see page 5 for framing plan).  The typical floor system also 
incorporates small areas of reinforced concrete beams and post-tensioned 
beams in the plan-northeast and southeast corners to aid the lateral force 
resisting system.  The floors are supported by square and round concrete 
columns.  Column sizes for typical bays are 2’ square or 2’ round columns.  
For columns that surround slab openings and support smaller spans, sizes 
range down to 12”*12”.  Column sizes seldom vary from floor to floor 
although reinforcement frequently changes (see page 29 for column 
schedule).  Lateral forces induced on the building are resisted by a box of 
four shear walls located in the center of the west wall.  Because of the large 
torsional force created by this eccentricity of the center of rigidity the 
regions of post-tensioned framing are used to provide extra stiffness.  All 
columns and shear walls rest on a foundation system of H-piles and pile 
caps.  Concrete strengths differ throughout the structure, ranging from 4000 
psi to 8000 psi (see page 4 for concrete strength schedule.) 
 
This report will cover, in order, the following areas. 
Loads and Load Cases 
Distribution of Loads 
Analysis 
Member Checks 
Conclusions 
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Concrete Strength Schedule 

Element 28 Day Cylinder Strength (psi) 
Pile Caps 4,000 
Slabs 5th Floor and Above 4,500 
Slabs Below 5th Floor 5,600 
Columns 5th Floor and Above 5,000 
Columns Below 5th Floor 8,000 
Exterior Slabs and Paving 5,000 
Shear Walls 5,000 
Topping Fills 4,000 

 
1st Floor Framing Plan 

 

 
 
 
 

Plan North 
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Typical Framing Plan 

 
 

   
 
 

 
 

Plan North 
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21st Floor Framing Plan 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Plan North 
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Introduction of Lateral System 

 
The lateral system of this building consists of both shear walls and concrete 
moment frames.  There are four shear walls in the tower arranged in a box at 
the center of the west wall.  The walls are connected at the corners and act in 
unison to allow for shear flow.  For ease of analysis I assumed that all four 
walls are perpendicular to each other by conservatively adjusting their 
lengths.  All of the walls are 12” thick with #4 bars at 12” on center each 
way in each face.  Two of the walls are 32’ and two of the walls are 24’.  
The building has 7 concrete moment frames.  For my analysis I included the 
4 frames that have the most significant affect on curbing the large torsional 
force produced by a north-south wind.  The frames are located in the north-
east and south-east corners of the tower.  Although the bay sizes vary, each 
of the 4 frames include 3 columns: 2-24” square, and 1-16” square.  The 
columns are connected by 36”x60” post-tensioned beams. 
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Loads and Load Cases 

 
The loads used for this design are as follows: 
Self Weight Slab = 100psf 
Partitions =  20psf 
Miscellaneous Dead Load = 10psf 
Live Load = 40psf 
 
For gravity loads the load case used was 1.2D+1.6L 
For wind loads the load case used was 1.2D+1.6W+L 
 
Lateral Loads 
 
From Technical Report 1 I found wind to be the controlling lateral load.  The 
images on the following page are wind loading diagrams 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 the North-South wind load is 968 k and the total resisting 
moment at the base of the structure is 114,795 ft-k.  The total base shear on 
the building due to the East-West wind load is 1400 k and the total resisting 
moment at the base of the structure is 166,980 ft-k.  All of the information 
presented here is generated from calculations and spreadsheets found on 
page 17-23 in the appendix. 

91’ 

157’ 

N S 

E 

W 



Gregory R. Eckel Technical Report 3 Senior Thesis 

Pennsylvania State University  11-21-2005 9

 



Gregory R. Eckel Technical Report 3 Senior Thesis 

Pennsylvania State University  11-21-2005 10

 
Distribution of Loads 

 
In order to distribute the loads I found the proportion of rigidity carried by 
each frame and wall at each level.  In order to find the rigidity of the 
moment frames I entered each of the frames in STAAD.Pro.  One at a time I 
placed a one kip load at each of the story heights and found the horizontal 
deflection at that point.  Taking the inverse of the deflections at each floor I 
found the stiffness at each floor.  In order to find the rigidities of the shear 
walls I investigate several different options.  The three ideas I had to find the 
rigidities were: first, to analyze the walls separately using the equation 
R=Et/(4(h/L)^3+3(h/L)); second, to analyze the walls separately using a unit 
load at a distance to find the relative stiffnesses of the walls compared to 
each other; third, to analyze the walls was one unit again using a unit load at 
a distance to find the relative stiffnesses.  I knew I wanted the walls to work 
as a single box however could only find ways to relate their stiffnesses to 
each other and not to the moment frames as well.  As it turned out analyzing 
the walls the first method mention gave similar proportions to that of the 
preferred third method.  This was quite convenient because I was able to use 
the first method which was easily related to the moment frames in the 
structure (see page 36 in appendix for comparison).  I used Microsoft excel 
and the equation R=Et/(4(h/L)^3+3(h/L)) adjusting the height of the wall to 
find the rigidity at the story heights.  Comparing each rigidity to the total of 
all the walls acting in its direction I found the proportion of stiffness for each 
wall in each direction at each floor.  I found that the moment frames and the 
shear walls resist a significantly different proportion of the load at different 
elevations.  For example the shear walls tend to resist a huge proportion of 
the load at the lower levels while at greater heights the moment frames begin 
to contribute a larger percentage to the resisting system.  Because of this 
relationship the center of rigidity changes for every floor, while the center of 
mass remains the same.  This in turn varies the torsional moment on each 
floor.  The next step I took was to apply the torsional moment to each wall 
and frame at each floor to find the torsional shear in each brace.  In order to 
do this I needed to create 22 small tables, one for each floor.  After finding 
the torsional shears I added them to the direct shears where the forces would 
be additive due to the eccentricity.  Where the forces acted in opposite 
directions I used only the direct shear.  For my case the controlling forces for 
the walls and frames were always in the direction of the direct shear because 
it is larger then the purely torsional shear in the perpendicular direction of 
the load. 
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Distribution of story shears for all four shear walls and moment frames are 
given on the following pages.  To save space I left off floor numbers.  The 
first number is the story shear at the 2nd floor which is the first slab above 
grade.  The last two numbers in each list are the 22nd floor and the roof.  All 
results are calculated from pages 24-31 in the appendix. 
 

Walls 1-4 
 

  



Gregory R. Eckel Technical Report 3 Senior Thesis 

Pennsylvania State University  11-21-2005 12

Frames 1-4 
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Analysis 

 
From the distributions given on the previous page I calculated story forces.  
First I used the story forces in shear wall 4 to find the total building drift at 
the roof level.  To find this value I imputed all the story forces at each level 
into RAM Advanse and analyzed the total wall 
deflection.  The following diagrams are my output files 
from the analysis.  The right hand picture shows the 
deflected shape of the wall and the nodes.  The table 
shows the deflection at each node.  The total drift was 
8.24”.  The maximum allowable story drift 
L/400=6.9”.  This drift exceeds the allowable limit 
however it is within a reasonable margin.  I will look 
further into this issue in my following reports. 

 

d the wall for total deflection.   
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After finding the maximum drift due to the story forces in shear wall 4 I 
went on to check the deflection in moment frame 4.  Once again I found the 
story forces at each level from my story shears.  For this analysis I used 
STAAD.Pro, after imputing the forces and running the program I found the 
total story drift to be 8.21”.  The maximum story drift equals 6.9”.  The drift 
found exceeds the story drift however is not far from the allowable limit.  I 
will look at this issue more in upcoming reports. 
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Member Check 

 
For my member check I used shear wall 1.  I chose this wall because it had 
the highest base shear and was one of the two shorter walls.  Because of 
these it would therefore require the most reinforcement.  The first thing I 
checked was the horizontal reinforcement needed in the wall.  I found that 
the provided typical reinforcement of #4 bars at 12” on center each way in 
each face was not sufficient shear reinforcing.  However, all of the shear 
walls in the building have extra reinforcing around the openings for doors 
and windows.  I assume that this extra area of steel will help the strength of 
the wall but that the opening will weaken it.  This will be an area of extra 
attention in following reports.  Next I checked the vertical reinforcement in 
the wall using ρh, the ratio of horizontal shear reinforcement area to gross 
concrete area of the vertical section.  I found #4 bars at 12” on center each 
way in each face was sufficient.  For my next check I found that the flexural 
reinforcing provided wasn’t suitable for the moment.  However, once again 
the wall has extra vertical reinforcing around opening and at the corners of 
the wall which would probably aid in flexural strength.  Finally I checked 
the overturning moment in the wall and found the resisting moment to be 
sufficient to resist it.  See appendix pages 32-34 for additional assumptions 
and calculations. 
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Conclusion 

 
For this technical report I found that the controlling force on the building 
was due to wind loading.  By finding the relative rigidities of my various 
lateral force resisting elements per floor I was able to find both direct, and 
torsional shears on each element at each floor and in each direction of wind 
loading.  I accomplished this by using a combination of computer programs 
and predominantly Excel spreadsheets.  By sorting out all the controlling 
cases I was able to find both the story shears and story forces at each level.  
From these values I used both STAAD.Pro and RAM advanse to find the 
total building drift due to all the applied story forces.  I found both to be 
approximately 8” while the limiting deflection for a building of my height is 
6.9”.  From my results I was also able to check one of the shear walls for 
strength requirements.  I found the wall to be insufficient in several areas, 
however I did not account for the fact that the walls had both penetrations, 
and extra reinforcement surrounding the openings on all sides.  For my 
upcoming reports I will explore all these discrepancies further.  I feel that 
although my numbers did not all meet required values that I was within the 
realm of reason and am confident I will be able to confirm the design with 
further investigation. 
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Appendix 
Wind Load Analysis 
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Gust Factor N-S 
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Proportion of Rigidity per Floor for Shear Walls 
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Proportion of Rigidity per Floor for Moment Frames 
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Center of Rigidity and Center of Mass per Floor 
 
 

 
 

Torsional Forces in Both Directions per Floor 
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Direct Story Shear on Each Floor in Each Direction 
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Torsional Shears per Wall/Frame per Floor 
 

 



Gregory R. Eckel Technical Report 3 Senior Thesis 

Pennsylvania State University  11-21-2005 29

 



Gregory R. Eckel Technical Report 3 Senior Thesis 

Pennsylvania State University  11-21-2005 30

 



Gregory R. Eckel Technical Report 3 Senior Thesis 

Pennsylvania State University  11-21-2005 31

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Gregory R. Eckel Technical Report 3 Senior Thesis 

Pennsylvania State University  11-21-2005 32

Shear Wall 1 Spot Check 
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Shear Wall Geometry and Reinforcing 
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3 Methods of Finding Rigidity in Shear Walls Compared 
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Moment Frame 1 and Sample Calculations  
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Center of Rigidity Sample Caclulation 
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Center of Mass Sample Caclulation 
 

 


