
 

 

 

 

 

 

 

 

 

 

Executive Summary 

The University of Pittsburgh is currently constructing a dormitory facility on its 

upper campus.  The Upper Campus Housing Project is a 161,600ft2, 9-story building.  

This building will hold approximately 500 students.  Located in the city of Pittsburgh, 

this 102ft structure will be located near the Peterson Events Center.  The building 

construction began in May of this year and is expected to be completed in July of 

2006.  The floor system is composed of 8” precast hollow-core concrete planks with a 

2 ½” topping.  The lateral system consists of concrete masonry bearing and shear walls 

of varying thicknesses. 

 The following report examines the lateral system for the Upper Campus Housing 

Project.  By examination of the load cases, it is clear the seismic loading will control the 

design of the shear walls.  The load case 1.2D+1.0E+0.5L+0.2S was used.  A full 

distribution of lateral loads was completed based on stiffness.  Due to the location of an 

expansion joint (along line 3) the building can be broken into two halves and analyzed 

separately.  After analysis of the shear on each wall a spot check was performed to 

compare the design provided by the structural engineer (Atlantic Engineering Services).  

Drift and overturning were also considered and analyzed.  The drift the right side of the 

building was computed to be less than 0.36”, which is the allowable value of drift 

(H/400).  Overturning proved not to be an issue because the weight of the building 

causes a resisting moment that is larger than that caused by overturning. 
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Introduction 

 The Upper Campus Housing Project is currently under construction on the 

University of Pittsburgh campus.  This building is a nine-story dormitory with an 

approximate total height of 102ft.  The dormitory will be approximately 161,600ft2 and 

will house approximately 500 students.  The Upper Campus Housing Project is located 

on Stadium Drive in Pittsburgh, PA.  Construction for this project began in May of 2005 

and is expected to be completed by July of 2006. 

The Upper Campus Housing Project can be broken into two separate buildings 

along the expansion joint along Line 3 shown in the framing plan on the next page.  The 

floor system consists of 8” precast hollow-core concrete plank floors with a 2 ½” 

topping.  The lateral system for this building is reinforced masonry bearing and shear 

walls of varying thicknesses.  A typical framing layout for the building is shown on the 

next page. 

This report will examine the lateral system of the Upper Campus Housing Project.  

An Excel spreadsheet was used to manually calculate wall stiffnesses and distribute 

lateral loads to all walls appropriately based on stiffness.  This procedure is described in 

the PCI Design Handbook in Chapter 3.  Also located in the spreadsheet is the torsional 

distribution of loads.  From the spreadsheet each wall can be checked and compared to 

the design given by Atlantic Engineering Services.  These checks will be done by hand 

and also with another excel sheet.
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Load Cases 

• 1.4D 

• 1.2D+1.6L+0.5(Lr or S or R) 

• 1.2D+1.6(Lr or S or R)+(0.5L or 0.8W) 

• 1.2D+1.6W+0.5L+0.5(Lr or S or R) 

• 1.2D+1.0E+0.5L+0.2S 

• 0.9D+(1.6W+1.0E) 

 From examination of load cases, 1.2D+1.0E+0.5L+0.2S will control due to the 

large seismic loads and dead loads.  From examination of this load case, it is concluded 

that it is highly unlikely for the building to experience full live loading while under seismic 

stresses.  Therefore, the seismic loads will be used with a 1.0 factor in the calculation 

of loads on the lateral elements. 

Lateral Loads 
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 A complete analysis of wind and seismic loads is located in Appendix A.1-A.2.  

These calculations were also done in Technical Report #1. 

 

Distribution of Loads to Lateral Resisting Elements 

An excel spreadsheet was developed in accordance with the procedure 

described in the PCI Design Handbook (Ch.3) to distribute loads to lateral elements 

based on stiffness.  The total shear in each wall is calculated as direct shear plus 

torsional shear.  In some cases the direct and torsional shears will be additive, in other 

cases they will not.  Below are some of the formulas used to calculate the forces on 

each wall: 

• Fidirect=(ki/Σki)P 

• Fieccentric=((ki*di)/Σ(ki*di)2)M 

• M=Pe 

• K=Et/(4(h/L)3+3(h/L)) 

Because concrete is a rigid diaphragm this procedure can be used to analyze this 

building.   Another important thing to note is that the openings in shear walls was 

considered.  Each wall was broken into sections without openings and stiffness was 

calculated.  Then, for each wall a sum of each part was taken to be the stiffness of the 

total wall.  Below is an example of some of the first floor output.  The complete 

spreadsheet is located in Appendix B.  There is also a link on my webpage to view the 

file. 

East/West Stiffness (Left)    North/South Stiffness (Left) 
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Direct Shear East/West (Left)   Direct Shear North/South (Left) 

 

 

 

 

 

 

 

 

Torsional Shear First Floor (Left) 

 

The values for torsional shear for this side of the building are very low because 

the center of rigidity is only 1ft away from the center of mass in each direction.   

 The following page displays a typical floor plan with the shear in each wall 

calculated at the first floor level. 
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Overturning 

Mo=26K(114.84’) + 152.2K(109.17’) + 105.72K(98.67’) + 110.1K(89.34’)  
  + 97.826K(80’) + 85.67K(70.67’) + 73.63K(61.34’) + 61.69K(52’) 

+ 49.93K(42.67’) + 38.45K(33.34’) + 26.45K(24’) + 
7.58K(12.67’) = 65622.5 ft-K 

 
Calculation of total dead load of structure: 
 Masonry wall = 120plf(1250ft) = 150K 
 8” plank = 56psf + 31psf + 10psf (misc) = 97psf 
 12” plank = 1ft(150pcf) + 10psf = 160psf 
 Ground Floor = [16322sf(4”/12)(150pcf)]/1000 + 150K = 966.1K 
 First = [15986sf(97plf)]/1000 + 150K = 1701K 
 Second  Eighth = [16340sf(97plf)/1000] + 150K = 1735K 
 Ninth = [13892sf(97plf)/1000] + 150K = 1498K 
 Roof = [6946sf(97plf) + 6946sf(160plf)]/1000 + 150K = 1935K 
 Penthouse = [1020sf(160plf)]/1000 = 313.2K  
 
Total Building Weight = 18558.3K 
 
Resisting Moment of Dead Load = 18558.3K(102ft) = 1892946.6ft-K 
 

Dead Load (1892946.6ft-K) >> Overturning Moment (65622.5ft-K) therefore, 
overturning is not an issue. 
 
Drift 

Δ = (Ph3/3EI)+(2.78Ph/AE) = (h3/3I) + (3h/A) = V/Σk 

E = 33(150pcf)1.5(5000psi)1/2=4286.8ksi 

Story Drift Check: 

 ΔNorth/South =   (296000lb(12ft)3)       +      (2.78(296000lb)(12ft)     = 0.078” 
       3(4286800psi)(1571in4)       12in(705.6in)(4286800psi) 

 ΔNorth/South = (144”)3    +    3(144”)        = 0.14”  
                       3(1571in4)    12”(705.6”)  

 ΔNorth/South = V/Σk = 801.2K/64966.9 = 0.12” 

 Δallowable = H/400 = (12ft*12in/ft)/400 = 0.36”    OK
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Shear Wall Check 

Wall shown on page 7 in pink circle 

Loads on Wall: 

Pu = (1.2[(10.5”/12)(150pcf)(27’)(58.8’)+120psf(12’)(58.8’)]+ 

                1.6[27’(67psf+40psf)(58.8’)])9 = 5611K 

 Mu = 3560.4ft-K 
Mu 
Vu 

Pu  Vu = 296.7K 

 

 

 

S= (1/6)(12”)(705.6”)2 = 995742.72in3

A = 12”(705.6”) = 8467.2in2

Ft = (M/S)-(P/A) = [(3560.4ft-K*12in/ft)/995742.72in3]-[5611K/8467.2in2] 

   = -619.8psi 

***Therefore, wall is in compression and wall is OK

Note:  The following page displays the design for reinforcement of this wall. 
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Conclusion 

 The Upper Campus Housing Project lateral system is composed of concrete 

masonry bearing and shear walls of varying thicknesses.  Seismic lateral loads control 

the design of the lateral system for this structure.  The load case 

1.2D+1.0E+0.5L+0.2S controls.  Lateral loads were distributed throughout the 

building to all shear walls based on stiffness.  As noted earlier, an excel spreadsheet 

was used to complete these calculations and can be viewed in the appendix of this 

report and in full on my webpage.  One skewed wall was encountered and the stiffness 

was calculated as follows:  kx=kcos2θ, ky=ksin2θ.  Because this building is composed of 

concrete masonry shear walls it is considered a rigid structure and this approach is 

valid.   

 Overturning was checked and it was determined that the weight of the structure 

causes a resisting moment greater than that caused by overturning.  Drift is also a 

factor that can control a lateral design.  Story drift was checked at the first floor where 

the loads are the greatest and was determined to be less than 0.36”.  From this it was 

determined that the drift for the entire building will not be an issue because as the 

floors go up, the loads get smaller and therefore, the first floor is the worst case.  A 

lateral check on a shear wall was also completed.  This check proved that the current 

design of the wall and reinforcement are sufficient to carry lateral loads.   

 Another issue not mentioned thus far is the foundations.  Lateral loads cause 

foundation systems to experience tension on one side and compression on the other.  

Overturning is a factor here.  As mentioned above, because the resisting moment is 

much larger than the overturning moment this is not a concern.  However, when 

designing the foundations all loads from walls (gravity and lateral) must be considered 

and used.
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Appendix A.1
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Appendix A.2
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Appendix B.1 (Left) 

 

Direct Shear 
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Torsional Shear 
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Appendix B.2 (Right) 

Direct Shear 
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