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Executive Summary          
 
 

Sherman Plaza is a luxury condominium, located in the heart of downtown Evanston, 
IL. This 25 story condominium includes a health club, rooftop gardens, and two 
floors of retail space. The structural system of the building is a reinforced, cast-in-
place concrete superstructure. The floor system is made up of two-way flat plates on 
reinforced concrete columns with deep edge beams surrounding the building’s 
perimeter. The building rests on a foundation of belled-caissons that extend to 
hardpan at approximately 70 feet below grade. The edge beams also serve as 
perimeter moment frames to support the lateral loads. These moment frames act in 
combination with reinforced concrete shear walls to form the lateral resisting system 
of Sherman Plaza.  
 
The lateral loads are distributed to this combined shear wall and frame system by 
computing the stiffnesses of each of the members. The elements with the highest 
stiffness will receive the most load. These loads will then be used to complete a 
strength check of critical members, the story drifts, the total drift and the overturning 
moment. The load distribution calculation was performed at floors 25, 22, 14, and 6, 
and therefore, the design checks were performed for lateral elements on these floors 
only.  
 
A shear wall check was performed by analyzing the wall as a deep cantilever beam. 
The allowable shear force was calculated and compared to the actual shear force, 
calculated by the load distribution described above. Each of the shear walls that were 
checked was found to be sufficient. The moment frames were analyzed using Visual 
Analysis, a finite element design and analysis software. The software was used to 
determine the moments on the frame due to the distributed lateral load. The beams 
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were then checked for the flexural strength due to this moment. Each beam was found 
to be sufficient.  
 
The overturning moment was computed by multiplying the story shear forces by the 
story height. The resisting moment was then found to be the total building weight 
multiplied by the distance to the center of mass. The resisting moment was found to 
be much larger than the overturning moment. Therefore, overturning does not need to 
be considered when designing the foundations.  
 
The story drift and total drift was found using an ETABS model. The drift values 
were compared to the allowable drift value of H/600. This criteria is higher than the 
industry standard of H/400, but Sherman Plaza was designed to drift no more than 
H/600. The 25th floor was found to drift 0.227 inches, which was slightly higher than 
the allowable drift of 0.217 inches. Most of the drift values, however, were less than 
the allowable drift. The total building drift was found to be 3.1 inches, which was less 
than the allowable drift of 5.21 inches.  
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Introduction           
 
 

Sherman Plaza is a complex reinforced, cast-in-place concrete structure that uses a 
combination of shear walls and moment frames as its lateral resisting system. This 
report will provide a more in-depth analysis of the lateral system, as a continuation of 
the lateral calculations from Structural Technical Report 1. The calculated wind and 
seismic loads from Report 1 will be used to determine the controlling load 
combination, which will then be used to provide an analysis and a confirmation 
design study to determine if the system meets the allowable code values.  

 
This report will also include the lateral load distribution and a check of strength, drift, 
story drift and overturning of the building. The story shear loads will be distributed 
according to the relative stiffness of each lateral member, with the stiffer members 
receiving the most load. The check will include a spot check of critical members, a 
comparison of drift values with allowable code values, and a discussion of overall 
building torsion issues. This information will be used in the proposal for the building 
redesign.  
 

Building Description 
 
Sherman Plaza is a 25 story condominium, located in Evanston, IL. The residences 
include 253 condominiums, lofts and penthouses. The building also accommodates a 
54,000 square foot health club, garage parking, a ½ acre rooftop garden and 152,000 
square feet of retail space on the bottom two floors. The rooftop gardens are located 
on the third, sixth and seventh floor roofs as the building steps back. The eighth floor 
to the twenty-second floor makes up the condominium’s L-shaped tower and follows 
a typical floor plan. The top three levels are the penthouse floors, which follow a 
different column grid than the rest of the building. These floors also step back to 
accommodate the private terraces.  
 
The structural system for the Sherman Plaza residential tower consists of reinforced 
cast-in-place concrete columns, shear walls, slabs and beams. A typical floor slab for 
both the lower retail floors and the upper residential stories is 8 inch thick two-way 
reinforced concrete plate. The column sizes range from a 36”x36” square column at 
the ground floor to a 20”x20” square column at the roof level. ACI 318-95 was the 
primary design code used for the structural concrete design. The building is supported 
by a foundation of belled caissons that extend to hardpan at approximately 70 feet 
below grade, with an allowable bearing pressure of 30 ksf.  
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Lateral Resisting System         
 
 

The lateral support for the building is made up of a combination of reinforced 
concrete shear walls and perimeter moment frames for the first twenty-two stories. 
There are shear walls located around the elevator core, near the intersection of the L-
shape of the building. There is also a shear wall in each arm of the L-shape. The 
elevator core shear walls are 18” thick for the first six floors, 16” thick for floors 7 to 
22, and 12” thick for the last three floors. The shear walls located in the L-shape’s 
arms are 18” thick for the first six floors, 15” for floors 7 to 12, and 12” thick for the 
remaining floors. The reinforcement for the shear walls is #5@12”, in general. The 
moment frames are made up of deep edge beams around the building’s perimeter. A 
typical perimeter beam is a 13”x34” beam with 4 #7 reinforcement bars on top and 
bottom. The typical perimeter columns are 13”x36” with 8#7 bars.  
 
The top three floors of Sherman Plaza are penthouse levels and have a different 
column grid than the rest of the building. Therefore, the moment frames do not 
continue up to these floors. Instead, it is assumed that the shear walls on this level 
will take all the lateral load. Due to the large size and complexity of this building, a 
load distribution will not be performed at every floor. The distribution calculations 
will be completed for levels 25, 22, 14 and 6. On the 25th floor, the load will be 
distributed only to the shear walls. The 22nd and 14th floors have the same basic 
layout, but the walls and frames will have different stiffnesses at these levels, so the 
distribution will change. At the 6th floor, the shape of the shear walls changes, and 
there will be an additional moment frame to consider due to the area where the 
building steps back. See the plans below for the layout of the shear walls and frames 
of each level. 
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Level 25 (Shear walls are in red.) 

 
Typical Floor Plan: Levels 8-22  

(Shear walls are in red and moment frames are in blue.) 
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Level 6  

(Shear walls in red and moment frames in blue.) 
 

 
Lateral Loads and Load Combinations 

 
Lateral Load Calculations 
The actual lateral system of Sherman Plaza was designed to resist wind forces, 
according to ASCE 7-98, and a seismic analysis was not performed, because it is not 
required by the City of Chicago Building Code. A complete calculation of both wind 
and seismic loads, however, was performed in Structural Technical Report 1. These 
loads were calculated using ASCE 7-02 and the results of that calculation can be seen 
in the Load Combinations Table in Appendix A. The wind pressure and story force 
diagrams can also be seen below. Refer to Structural Technical Report 1 for the full 
calculations and design assumptions.  
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North-South Wind Pressure Diagram      East-West Wind Pressure Diagram 
 
 

 
North-South Story Forces  East-West Story Forces 
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Load Combinations 
The load factors and load combinations were found in ASCE 7-02, Section 2. The 
controlling load combination is determined in the table in Appendix A. The load 
cases are: 

• Case 1: 1.4D 
• Case 2: 1.2D + 1.6L + 0.5S 
• Case 3: 1.2D + 1.6S + L 
• Case 4: 1.2D + 1.6W + L + 0.5S 
• Case 5: 1.2D + 1.0E + L + 0.2S 
• Case 6: 0.9D + 1.6W + 1.6H 
• Case 7: 0.9D + 1.0E + 1.6H 

 
As seen in the load combination table, load case 2 controls, but for this report, load 
case 4 will be used for the lateral analysis. Therefore, the wind shear forces control 
and the seismic forces will not be considered.  
 
 

Load Distribution           
 
 
The cast-in-place concrete structure of Sherman Plaza acts as a rigid diaphragm. The 
columns and slabs, in addition to the moment frames and shear walls, receive part of 
the lateral forces. However, the slabs are only 8” thick and therefore, won’t provide 
as much lateral resistance as the moment frames that have beams that are 34” deep, in 
general. In this analysis, it will be assumed that the shear walls and frames will take 
all the lateral load.  
 
The lateral loads were distributed to the moment frames and shear walls at each level 
by relative stiffnesses. The stiffness of each member was found by first finding the 
members’ deflection and taking the stiffness as the inverse of deflection. The direct 
shear force was found by proportioning the shear by stiffness, with the members with 
the highest stiffness receiving the most load. In addition, the force due to the torsional 
moment of each floor was calculated by locating the center of rigidity of each floor. 
The calculations of the center of rigidity can be found in Appendix B. The eccentric 
shear force was found by distributing the total shear force according to the members’ 
stiffness and distance to the center of rigidity. The total shear force to each member is 
the sum of the concentric and eccentric forces. 
 
The procedure for distributing the lateral loads to the shear walls was taken from the 
PCI Handbook. First, the ratio of the wall height to length was calculated, and it was 
found that this value was between 0.3 and 3.0, meaning that the deflection of the wall 
will be the sum of the deflections due to shear and flexure. Next, the stiffnesses of 
each wall was found by taking, k = 1/ Δ.  
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• Flexure: Δ = Ph3 
   3EI 

 
• Shear:    Δ = 2.78Ph 

    AwE 
 

The stiffness of the moment frames was found by modeling each frame in Visual 
Analysis, a finite element design and analysis software. The frame was loaded with a 
unit load of one kip at the level being analyzed to determine the deflection of the 
frame at that level. The stiffness was then found as the inverse of this deflection. The 
frames from Visual Analysis can be seen in the figures below. The complete 
calculation of the shear forces can be found in Appendix B.  

 
Building Torsion 

 
Due to the asymmetrical shape of Sherman Plaza, the torsional forces due to the 
eccentricity of the building needed to be considered. For each of the calculated levels, 
the center of rigidity of the floor was found. In most cases, the center of rigidity was 
fairly close to the building’s center of mass. In some cases, the center of rigidity was 
actually smaller of the center of mass. In these cases, the eccentricity was taken as 5% 
of the building length. The eccentric forces due to building torsion were therefore 
taken into account and added to the total shear force taken by each of the lateral 
resisting elements. 
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Moment Frame 1     Moment Frame 2       
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Moment Frame 3      Moment Frame 4 
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Moment Frame 5 
Moment Frame 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
Moment Frame 7     Moment Frame 8 
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Lateral System Calculations         
 
 

Strength Check of Critical Members 
 
A strength check of critical lateral members was performed for each of the levels at 
which the load distribution was calculated. For each floor, the critical shear wall and 
moment frame was determined by choosing the element with the highest load. This 
check of the critical element at each floor will be sufficient, because it is assumed that 
the other elements will be able to take their lower loads. Only the shear walls were 
checked on the 25th floor, because it was assumed that the moment frames would not 
take a significant amount of load.  
 
The shear capacity of each of the critical shear walls was calculated, treating the wall 
as a deep cantilevered beam. The actual dimensions and reinforcement of the walls 
was used in the calculations, and each of the walls was found to be adequate. The 
moment frames were then checked using Visual Analysis. The calculated load on the 
frame was applied, and the moments were found. A check of the beam with the 
highest moment was performed. Again, the actual dimensions and reinforcement was 
used in the check, and each beam was found to be sufficient. Refer to Appendix C for 
the full calculations of the shear wall and moment frame design checks.  

 
 
 
        Frame 2 Moment Diagram    Frame 8 Moment Diagram 
 



 13

Story Drift and Total Drift 
 

The values for the story drifts and the total building drift were found using an ETABS 
model. Each of the floors was modeled, and the dead, live and wind loads applied. 
The story drifts were found and added together to find the total drift. While the 
industry standard of design is an allowable drift of H/400, Sherman Plaza was 
designed to move laterally a maximum of H/600.   
 

3D View of ETABS Model 
 

The drifts were tabulated for the East-West wind direction only, because that is the 
critical direction. The drift at the 25th floor was found to be 0.227 in, and the 
allowable drift according to the H/600 standard is 0.2167 in. The 25th story drift is 
therefore slightly higher than the allowable drift, but most of the floors have a smaller 
drift than the allowable. The total building drift was found to be 3.1 in., and the 
allowable drift was 5.21 in. The drift value is therefore less than the imposed total 
drift criteria and is adequate for this design. Refer to Appendix C for the full drift 
calculations. 
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ETABS Output of Story Drift in the E-W Wind Direction 

 
Overturning Moment 

 
The overturning moment was calculated in the East-West wind direction, because it is 
the critical direction with the highest applied wind loads. The North-South direction, 
therefore, will not control. The overturning moment was calculated by multiplying 
the story shear forces with the story height. This moment was then compared to the 
resisting moment to determine if overturning should be considered in the design of 
the building’s foundations. The resisting moment was found by multiplying the total 
building weight by the distance from the building corner to the center of mass. The 
resisting moment was found to be much larger than the overturning moment. 
Therefore, overturning will not be a consideration when designing the building 
foundations. Refer to Appendix C for the full overturning moment calculations.  
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Summary and Conclusion         
 
 

The lateral system for Sherman Plaza is a combination of shear walls and moment 
frames that were analyzed by computing each element’s relative stiffness. The shear 
forces were distributed according to these stiffnesses, with the stiffest members 
receiving the most load. Due to the large size and complexity of the building, the load 
distributions were calculated only for floors 25, 22, 14 and 6. These loads were then 
used to complete a strength check of critical members, the overturning moment, story 
drift, and total drift.  
 
A critical shear wall and moment frame was chosen for each of the computed floors 
and checked for adequacy. The critical members had the highest shear forces on that 
floor, and it will therefore be conservative to assume that the design will be sufficient 
for the rest of the members on the floor. The shear wall was analyzed as a deep 
cantilever beam, and the allowable shear force was found and compared to the actual 
shear force on the wall. Each of the critical walls was found to be sufficient. The 
moment frames were analyzed using Visual Analysis, a finite element design and 
analysis software. The frames were loaded with the computed loads, and a critical 
beam was chosen by determining which had the highest applied moment. The beams 
were then checked, and each was found to be adequate.  
 
The overturning moment was computed by multiplying the story shear forces by the 
story height. The resisting moment was then found to be the total building weight 
multiplied by the distance to the center of mass. The resisting moment was found to 
be much larger than the overturning moment. Therefore, overturning does not need to 
be considered when designing the foundations.  
 
The story drift and total drift was found using an ETABS model. The drift values 
were compared to the allowable drift value of H/600. This criteria is higher than the 
industry standard of H/400, but Sherman Plaza was designed to drift no more than 
H/600. The 25th floor was found to drift 0.227 inches, which was slightly higher than 
the allowable drift of 0.217 inches. Most of the drift values, however, were less than 
the allowable drift. The total building drift was found to be 3.1 inches, which was less 
than the allowable drift of 5.21 inches.  
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Appendix A          
 

 
Loads and Load Combinations 
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Appendix B            
 
 

Lateral Loads Distribution to Shear Walls and Moment Frames 
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Center of Rigidity Calculations 
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Appendix C           
 
 

Shear Wall Design Checks 
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Moment Frame Design Checks 
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Overturning Moment Calculations 
 

 
 

• Only the East-West direction will be considered- this is the critical direction.  
• Only the controlling wind loads will be used. Seismic will not be considered.  

 
• Total Overturning Moment = 171,641 ft-kips 
• Resisting Moment = Building Weight * Distance to the Center of Mass 

o Total Building Weight = 68888.25 kips  
 (see Technical Report 1 for calculations) 

o Distance to the Center of Mass = 70.337 ft.  
 (approximate of the center of mass taken at Level 8) 

 
• Resisting Moment = 68888.25 * 70.337 = 505,433 ft-kips > 171,641 ft-kips 

 
• Overturning will not be a problem, because the resisting moment is much 

greater than the overturning moment.  
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Story Drift and Total Drift Calculations 

 
 

 


