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Angela Mincemoyer 
Structural Option 
November 20, 2013 
 
 
 
Dr. Boothby 
Advisor 
Penn State University 
 
 
 
Dear Dr. Boothby, 
 
The following Technical Report 4 was prepared for AE 481W.  The purpose of the report was to 
determine if the building’s lateral system is adequate for the wind and seismic loads according to 
industry standard serviceability and strength considerations.  In order to answer this question, a 3D 
structural computer model was constructed using ETABS.  Once the model was verified, it was used to 
determine the member forces and drifts of various wind and earthquake load cases.  The results were 
then interpreted to determine if the lateral system was in fact adequate.   
 
The contents of this report include the wind and seismic loads that were input into ETABS, a 3D view of 
the ETABS model, member forces determined from the model, determination of worst load case, 
determination of the controlling load combination, and strength and serviceability checks of the braced 
frames.  Various calculations performed in excel detail all of the necessary calculations.  It is important 
to note that the following calculations are based on the gravity, wind, and seismic loads which may be 
seen in the appendices.    
 
Thank you in advance for taking the time to review the following report. 
 
 
 
Sincerely, 
 
Angela Mincemoyer 
 
 
 
 
 
 
 
 
 
 
Enclosed: Technical Report 4 
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Executive Summary 
 
The Peggy Ryan Williams Center, formerly known as “The Gateway Building,” is a four story office 
building located on the Ithaca College campus, Ithaca, New York.  The building was originally known as 
“The Gateway Building” because the college saw the building as a gateway to the campus.  At the time, 
the college was moving into a new era of sustainability and they wanted to show their prospective 
students, employees, and visitors the strides that they were making towards their goal.   
 
Sustainability and a desire to connect with nature were both driving forces for the building’s 
architectural features.  The large areas of glass, offering vistas to Cayuga Lake, allow the occupants to 
feel like they are part of the nature around them.  Other eco-friendly architectural features include the 
“V” shaped roof which aids in rainwater collection, and the large atrium which extends through the 
building to promote natural ventilation. 
 
The structural system components are fairly common; however, their placement and size variations 
make the framing very irregular.  The roof of the building is constructed of roof decking, which spans 
perpendicular to the beams, girders, and columns.  The floor of Level 1 through Level 3 consists of 
composite decking and wide flanged beams, girders, and columns.  Various beams and girders are 
provided with shear studs for composite action.  Sizes and spans of the wide flanges vary greatly 
throughout the building and even throughout a single floor framing system.  At locations where the 
building cantilevers, moment connections and larger beam/girder sizes make the cantilevers possible.   
 
Columns, piers, and drilled piers support the foundation for the PRWC.  The drilled piers range from 
resting on top of bedrock, to being drilled down 4’-0” below competent bedrock, depending on their 
location and loading.   
 
Another distinctive feature of the Peggy Ryan Williams Center is the pedestrian bridge, which connects 
the building to the adjacent Dillingham Center.  The bridge is a box truss supported in a double 
cantilever configuration with a 2” expansion joint on either end.  I am eager to explore ways to improve 
the existing design for the bridge.   
 
Due to its location, the PRWC was designed following the 2002 Building Code of New York State (BCNYS) 
which adopted the 2000 International Building Code (IBC).  In addition to the BCNYS, additional loading 
and design requirements from American Society of Civil Engineering (ASCE) 7-98 are incorporated by 
reference into the IBC.  In addition, various other codes were used in the design and are discussed in 
further detail in the following report.   
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

     Technical Report 4                                          Angela Mincemoyer     |     Structural 

P e g g y  R y a n  W i l l i a m s  C e n t e r  

 
Page 5 

Site Plan and Location Plan  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo provided courtesy of Holt Architects 
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Documents Used in Preparation of this Report 
 
 Building Code of New York State 

 2002 BCNYS (IBC 2000 adopted) 
 

 International Building Code 
 IBC 2009 

 
 American Society of Civil Engineers 

 ASCE 7-98: Minimum Design Loads for Buildings and Other Structures 
 
 Vulcraft Deck Catalog 

 
 American Concrete Institute 

 ACI 318-11 
 

 American Institute of Steel Construction 
 AISC 14th edition 

 
 American Wood Council 

 National Design Specification (NDS): Design Values for Wood Construction 
 

 Boise Cascade 
 Engineered Wood Products: Boise Glulam Beam and Column Specifier Guide 

 
 Reed Construction Data 

 RS Means: Square Foot Cost 2013 
 RS Means: Facilities, Maintenance, and Repair 2013 

 
 UC Berkley’s Industrial Engineering and Operations Research Center 

 
 EFCO Corporation’s Catalog 

 
 Common Wealth Curb Appeal Bluestone Guide 
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Brief Overview of the Lateral System 
 
The lateral system of the Peggy Ryan Williams Center consists primarily of concentrically braced 
structural steel frames.  The north-south direction consists of various frames located throughout the 
building footprint.   However, the east-west direction has fewer effective frames.  The lack of effective 
east-west frames will allow more torsion to exist throughout the building.  On the ground level of the 
building, a foundation wall is introduced which resists the soil loads.  This foundation wall aids in the 
wind and seismic lateral loads as well.  This causes some of the braced frames to carry more loads on 
story 2 than on story 1.  Locations of the braced frames and foundation walls may be viewed below in 
Figure 1. 
 

 

Figure 1: First Floor Framing Plan Showing Locations of 
Braced Frames and Foundation Walls 

Drawing S101 
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Computer Modeling Process 
 
Due to my familiarity with ETABS, from the AE 530 Computer Modeling class, I decided to model the 
building in ETABS.   However, as may be seen in Figure 1 above, the framing of the Peggy Ryan Williams 
Center has irregular geometries.  Therefore, the layout lent itself to first be drawn in AutoCAD and then 
exported to ETABS.  I began by drawing the grid and slabs in AutoCAD.  I then exported these files into 
ETABS and converted them to ETABS grids and slabs, respectively.   Upon completing the layout, I added 
the various braced frames to the entire building, as well as the foundation walls.  While modeling, I 
made the decision to use the worst case roof height, which is conservative.  I also assumed that the 
foundation walls would crack, per ACI 318.  I modeled all of the columns of the braced frames to have a 
pinned base condition.  I modeled these as pinned because a typical column detail illustrates the pinned 
connection which allows no moment transfer to the pier below.  I modeled the foundation walls to have 
a fixed base because they are supported by 6’-0” wide footings.  I then assigned a rigid diaphragm to 
each slab of the building.  Once I had the elements modeled, I began to verify my model.  
 
At this point, I ran into numerous problems with the model.  First, I noticed that the joints on the braced 
frames were deflecting up and down.  To begin troubleshooting, I made sure that all of the beams were 
fixed-fixed and that all of the braces were pinned-pinned.  I then redrew many braces and beams to see 
if that would restrain the joints.  None of these solutions seemed to fix the problem.  I then removed the 
mass from all of the materials of the model.  This appeared to fix the problem of the moving joints.  It 
was decided that the materials of the model could not be modeled with mass since the model was only 
intended to be a lateral model, not a gravity model.  Since the problem appeared to be fixed, I continued 
to verify the model by adding a 1000 kip test load to the model.  Upon running the load, I noticed that 
neither the displacements nor the center of rigidity made sense.  The displacements were much higher 
than expected.  This led me to believe that the diaphragms and frames were not interacting.  The center 
of rigidity was far away from the expected location.  I attempted to fix the issue by removing the 
openings in the floors and temporarily removing the foundation walls to see if the center of rigidity 
would move and be more reasonable.  However, neither of these solutions solved the problems.   
 
At this point, it was determined that I needed to restart my model in ETABS.  I learned that I needed to 
start simple and work my way up to a more complicated model.  I started by simply modeling one frame 
at a time (on the west end of the building) and seeing how it reacted to a 100 kip test load.  Once I 
verified that the model appeared to be behaving properly I would add another frame.  Because the 
building changes geometry, I chose to only start by modeling the west end of the building, the 
orthogonal portion of the building.  Once I had the west end of the building completed, I decided that I 
needed to move forward with the modeling process and further verify the model.  Therefore, my model 
only consists of the west end of the building.   
 
Since my ETABS model appeared to be behaving properly at this point in time, I began to hypothesize 
why my original model did not work.  Two conclusions were drawn.  First, by drafting both the grid and 
the floor slabs in AutoCAD and then importing into ETABS, the slabs were not snapped to the grid.  
Therefore, when I assigned the diaphragm to the slab and drew the frames (which snapped to the grid) 
the frames and diaphragms were not interacting.  Second, the order in which the elements were 
drawn/assigned was not the correct order.  It was hypothesized that in order to have the diaphragm 
interact with the frames, it not only had to be snapped to the grid, but also drawn/assigned after the 
frames were in place.  Because I had drawn the slab before my frames in my original model, this was 
most likely also a source of error.  Therefore, when I modeled the west end of the building, I made sure 
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that my slab (and in turn the assigned diaphragm) attached to the grid and that the slabs were drawn 
after the frames were in place.   
  
The following Figures (Figures 2 and 3) illustrate the portion of the lateral system that was modeled. 
 

 
 

 

Figure 2: Plan View of 
Lateral System 

Figure 3: 3D View of 
Lateral System 
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 Verifying the Model 
Now that I had a working model, I continued to verify that the model was behaving properly by 
adding a 100 kip test load (in each the x and the y direction) and observing the behaviors.  First, I 
checked to see if the ETABS generated centers of mass and centers of rigidity appeared to be 
reasonable.  It can be seen on Figure 4 below that these centers do appear to be reasonable 
with respect to the simplified model.  It may be important to note that the center of rigidity for 
the first story is on the foundation wall, which makes sense due to the foundation wall having a 
high rigidity.  On stories 2-4, the center of rigidity is much closer to the centers of mass due to 
the foundation wall discontinuing after the first story.   

 

 
 
 
 
  
 
 
 
 

Story 

COM COR 

X Y X Y 

1 52.2 43.5 85.661 0.0057 

2 41.9091 39.4545 48.5779 21.2733 

3 41.9091 39.4545 48.0732 26.562 

4 41.9091 39.4545 49.4287 30.5032 

Figure 4: Centers of Mass and Centers of Rigidity 
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Next, I verified that the deflected shape of the frames was reasonable under the 100 kip test 
load.  Finally, I looked at the base reactions of each of the elements and ensured that when each 
of the 100 kip loads were applied that the sum of the applied forces and base reactions equaled 
zero.  This verification may be seen in Figures 5 and 6 below.  From the two Figures, it is evident 
that the foundation walls do a lot of the work in resisting the applied loads.   

 

 
 Figure 5: 100 kip Force in X-Direction to Verify Sum of 

Forces Equals Zero 
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 As I was verifying the model, I noticed that members of frames which were not in plane with the 

forces exhibited axial forces.  These axial forces are due to the effects of torsion.  Torsion is 
induced on the building because there is eccentricity due to the centers of mass and centers of 
rigidity not sharing the same locations.  The torsion is then resisted by all of the frames, causing 
axial forces in members which are not in plane with the force. 

 
 
 

Figure 6: 100 kip Force in Y-Direction to Verify Sum of 
Forces Equals Zero 
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Determination of Loads 

 Wind Load Cases 
 The four wind cases illustrated in ASCE7-98 Figure 6-9 were used to calculate the applied wind 

forces.  The wind forces were distributed vertically by multiplying the calculated distributed load 
(psf) by the tributary height of each story to obtain a linear load for the diaphragm edge.  The 
linear load was then multiplied by the tributary width of the story to obtain a point load.  These 
calculations may be seen below.  These forces were then horizontally distributed by applying 
each force to each stories’ center of pressure.  In order to further simplify the ETABS input (and 
avoid more human error) the windward and leeward forces were added together to obtain one 
force to apply to the stories’ center of pressure.  The resultant forces and locations may be seen 
below.   

 Wind Case 1  

  North-South Direction 

 
Diaphragm p (psf) * Height (ft) = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

P
W

 

Level 1 7.73 * 13.33 = 103.20 * 98.0 = 10.2 

Level 2 9.18 * 13.33 = 122.40 * 88.0 = 10.8 

Level 3 10.17 * 17.17 = 174.60 * 79.5 = 13.9 

Roof 14.86 * 20.50 = 304.80 * 83.5 = 25.5 

 
          

 Diaphragm p (psf) * Height (ft) = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

P
L 

Level 1 -7.26 * 13.33 = -96.90 * 98.0 = -9.5 

Level 2 -7.26 * 13.33 = -96.90 * 88.0 = -8.6 

Level 3 -7.26 * 17.17 = -124.70 * 79.5 = -10 

Roof -10.51 * 20.50 = -215.50 * 83.5 = -18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diaphragm 
Force to Apply 

P 

Location 

x y 

Level 1 19.7 49.0 56.5 

Level 2 19.4 44.0 37.3 

Level 3 23.9 39.8 37.8 

Roof 43.5 41.8 40.0 
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East-West Direction 
 

 
Diaphragm p (psf) * Height (ft) = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

P
W

 

Level 1 7.72 * 13.33 = 103.00 * 113.0 = 11.7 

Level 2 9.31 * 13.33 = 124.20 * 74.5 = 9.3 

Level 3 10.39 * 17.17 = 178.40 * 75.5 = 13.5 

Roof 15.05 * 20.50 = 308.60 * 80.0 = 24.7 

 
          

 Diaphragm p (psf) * Height (ft) = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

P
L 

Level 1 -4.29 * 13.33 = -57.30 * 113.0 = -6.5 

Level 2 -4.29 * 13.33 = -57.30 * 74.5 = -4.3 

Level 3 -4.29 * 17.17 = -73.80 * 75.5 = -5.6 

Roof -7.50 * 20.50 = -153.80 * 80.0 = -12.4 

 
 

 

Diaphragm 
Force to Apply 

P 

Location 

x y 

Level 1 18.2 49.0 56.5 

Level 2 13.6 44.0 37.3 

Level 3 19.1 39.8 37.8 

Roof 37.1 41.8 40.0 

 
 

 
 

Wind Case 2 
 For wind case 2, because the effects of an applied moment are being calculated, the worst case 

for the applied forces had to be determined.  The worst case may be seen below.   
 

North-South Direction 
 

 
Diaphragm p (psf) * Height (ft) = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

P
W

 

Level 1 7.73 * 13.33 = 103.20 * 49.0 = 5.1 

Level 2 9.18 * 13.33 = 122.40 * 44.0 = 5.4 

Level 3 10.17 * 17.17 = 174.60 * 39.8 = 7 

Roof 14.86 * 20.50 = 304.80 * 41.8 = 12.8 
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Worst 
Case 

 

 
Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.7

5
 P

W
 Level 1 7.73 * 13.33 * 0.75 = 77.40 * 49.0 = 3.8 

Level 2 9.18 * 13.33 * 0.75 = 91.80 * 44.0 = 4.1 

Level 3 10.17 * 17.17 * 0.75 = 131.00 * 39.8 = 5.3 

Roof 14.86 * 20.50 * 0.75 = 228.60 * 41.8 = 9.6 

 
 

 Diaphragm p (psf) * Height (ft) = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

P
L 

Level 1 -7.26 * 13.33 = -96.90 * 49.0 = -4.8 

Level 2 -7.26 * 13.33 = -96.90 * 44.0 = -4.3 

Level 3 -7.26 * 17.17 = -124.70 * 39.8 = -5 

Roof -10.51 * 20.50 = -215.50 * 41.8 = -9 

 
 

 Diaphragm p (psf) * 
Height 

(ft) * 0.75 = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.7

5
 P

L 

Level 1 -7.26 * 13.33 * 0.75 = -72.7 * 49.0 = -3.6 

Level 2 -7.26 * 13.33 * 0.75 = -72.7 * 44.0 = -3.2 

Level 3 -7.26 * 17.17 * 0.75 = -93.5 * 39.8 = -3.8 

Roof -10.51 * 20.50 * 0.75 = -161.6 * 41.8 = -6.8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Diaphragm 
Force to Apply 

P 

Location 

x y 

Level 1 9.9 24.5 56.5 

Level 2 9.7 22.0 37.3 

Level 3 12 19.9 37.8 

Roof 21.8 20.9 40.0 

Diaphragm 
Force to Apply 

0.75 P 

Location 

x y 

Level 1 7.4 73.5 56.5 

Level 2 7.3 66.0 37.3 

Level 3 9.1 59.6 37.8 

Roof 16.4 62.6 40.0 
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  East-West Direction 

 
Diaphragm p (psf) * Height (ft) = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

P
W

 

Level 1 7.72 * 13.33 = 103.00 * 56.5 = 5.9 

Level 2 9.31 * 13.33 = 124.20 * 37.3 = 4.7 

Level 3 10.39 * 17.17 = 178.40 * 37.8 = 6.8 

Roof 15.05 * 20.50 = 308.60 * 40.0 = 12.4 

 
 

 
Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.7

5
 P

W
 Level 1 7.72 * 13.33 * 0.75 = 77.3 * 56.5 = 4.4 

Level 2 9.31 * 13.33 * 0.75 = 93.2 * 37.3 = 3.5 

Level 3 10.39 * 17.17 * 0.75 = 133.8 * 37.8 = 5.1 

Roof 15.05 * 20.50 * 0.75 = 231.5 * 40.0 = 9.3 

 
 

 Diaphragm p (psf) * Height (ft) = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

P
L 

Level 1 -4.29 * 13.33 = -57.30 * 56.5 = -3.3 

Level 2 -4.29 * 13.33 = -57.30 * 37.3 = -2.2 

Level 3 -4.29 * 17.17 = -73.80 * 37.8 = -2.8 

Roof -7.50 * 20.50 = -153.80 * 40.0 = -6.2 

 
 

 Diaphragm p (psf) * 
Height 

(ft) * 0.75 = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.7

5
 P

L Level 1 -4.29 * 13.33 * 0.75 = -43.00 * 56.5 = -2.5 

Level 2 -4.29 * 13.33 * 0.75 = -43.00 * 37.3 = -1.7 

Level 3 -4.29 * 17.17 * 0.75 = -55.30 * 37.8 = -2.1 

Roof -7.50 * 20.50 * 0.75 = -115.30 * 40.0 = -4.7 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Diaphragm 
Force to 

Apply 
P 

Location 

x y 

Level 1 9.2 49.0 84.8 

Level 2 6.9 44.0 55.9 

Level 3 9.6 39.8 56.6 

Roof 18.6 41.8 60.0 

Diaphragm 
Force to 

Apply 
0.75 P 

Location 

x y 

Level 1 6.9 49.0 28.3 

Level 2 5.2 44.0 18.6 

Level 3 7.2 39.8 18.9 

Roof 14.0 41.8 20.0 



 

 
 

     Technical Report 4                                          Angela Mincemoyer     |     Structural 

P e g g y  R y a n  W i l l i a m s  C e n t e r  

 
Page 17 

Wind Case 3 

North-South Direction 
 

 
Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.7

5
 P

W
 Level 1 7.73 * 13.33 * 0.75 = 77.40 * 98.0 = 7.6 

Level 2 9.18 * 13.33 * 0.75 = 91.80 * 88.0 = 8.1 

Level 3 10.17 * 17.17 * 0.75 = 131.00 * 79.5 = 10.5 

Roof 14.86 * 20.50 * 0.75 = 228.60 * 83.5 = 19.1 

 
            

 Diaphragm p (psf) * 
Height 

(ft) * 0.75 = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.7

5
 P

L 

Level 1 -7.26 * 13.33 * 0.75 = -72.70 * 98.0 = -7.2 

Level 2 -7.26 * 13.33 * 0.75 = -72.70 * 88.0 = -6.4 

Level 3 -7.26 * 17.17 * 0.75 = -93.50 * 79.5 = -7.5 

Roof -10.51 * 20.50 * 0.75 = -161.60 * 83.5 = -13.5 

 

East-West Direction 
 

 
Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.7

5
 P

W
 Level 1 7.72 * 13.33 * 0.75 = 77.30 * 113.0 = 8.8 

Level 2 9.31 * 13.33 * 0.75 = 93.20 * 74.5 = 7.0 

Level 3 10.39 * 17.17 * 0.75 = 133.80 * 75.5 = 10.2 

Roof 15.05 * 20.50 * 0.75 = 231.50 * 80.0 = 18.6 

 

 
 

          
 Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.7

5
 P

L Level 1 -4.29 * 13.33 * 0.75 = -43.00 * 113.0 = -4.9 

Level 2 -4.29 * 13.33 * 0.75 = -43.00 * 74.5 = -3.3 

Level 3 -4.29 * 17.17 * 0.75 = -55.30 * 75.5 = -4.2 

Roof -7.50 * 20.50 * 0.75 = -115.30 * 80.0 = -9.3 
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Wind Case 4 
 For wind case 4, because the effects of an applied moment are being calculated, the worst case 

for the applied forces had to be determined.  The worst case may be seen below.   
 

North-South Direction 
 

 
Diaphragm p (psf) * 

Height 
(ft) * 0.56 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.5

6
 P

W
 Level 1 7.73 * 13.33 * 0.56 = 57.80 * 49.0 = 2.9 

Level 2 9.18 * 13.33 * 0.56 = 68.60 * 44.0 = 3.1 

Level 3 10.17 * 17.17 * 0.56 = 97.80 * 39.8 = 3.9 

Roof 14.86 * 20.50 * 0.56 = 170.70 * 41.8 = 7.2 

 

 
 

          

 
Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.7

5
 P

W
 Level 1 7.73 * 13.33 * 0.75 = 77.40 * 49.0 = 3.8 

Level 2 9.18 * 13.33 * 0.75 = 91.80 * 44.0 = 4.1 

Level 3 10.17 * 17.17 * 0.75 = 131.00 * 39.8 = 5.3 

Roof 14.86 * 20.50 * 0.75 = 228.60 * 41.8 = 9.6 

 
 
 
 
 

Diaphragm 
Force to Apply 

P 

Location 

x y 

Level 1 14.8 49.0 56.5 

Level 2 14.5 44.0 37.3 

Level 3 18.0 39.8 37.8 

Roof 32.6 41.8 40.0 

Diaphragm 
Force to Apply 

P 

Location 

x y 

Level 1 13.7 49.0 56.5 

Level 2 10.3 44.0 37.3 

Level 3 14.4 39.8 37.8 

Roof 27.9 41.8 40.0 
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 Diaphragm p (psf) * 
Height 

(ft) * 0.56 = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.5

6
 P

L 

Level 1 -7.26 * 13.33 * 0.56 = -54.30 * 49.0 = -2.7 

Level 2 -7.26 * 13.33 * 0.56 = -54.30 * 44.0 = -2.4 

Level 3 -7.26 * 17.17 * 0.56 = -69.90 * 39.8 = -2.8 

Roof -10.51 * 20.50 * 0.56 = -120.70 * 41.8 = -5.1 

 

 
 

          
 Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.7

5
 P

L 

Level 1 -7.26 * 13.33 * 0.75 = -72.70 * 49.0 = -3.6 

Level 2 -7.26 * 13.33 * 0.75 = -72.70 * 44.0 = -3.2 

Level 3 -7.26 * 17.17 * 0.75 = -93.50 * 39.8 = -3.8 

Roof -10.51 * 20.50 * 0.75 = -161.60 * 41.8 = -6.8 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Diaphragm 
Force to Apply 

0.75 P 

Location 

x y 

Level 1 7.4 73.5 56.5 

Level 2 7.3 66.0 37.3 

Level 3 9.1 59.6 37.8 

Roof 16.4 62.6 40.0 

Diaphragm 
Force to 

Apply 
0.56 P 

Location 

x y 

Level 1 5.6 24.5 56.5 

Level 2 5.5 22.0 37.3 

Level 3 6.7 19.9 37.8 

Roof 12.3 20.9 40.0 

Worst 
Case 

Worst 
Case 
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East-West Direction 
 

 
Diaphragm p (psf) * 

Height 
(ft) * 0.56 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.5

6
 P

W
 Level 1 7.72 * 13.33 * 0.56 = 57.70 * 56.5 = 3.3 

Level 2 9.31 * 13.33 * 0.56 = 69.60 * 37.3 = 2.6 

Level 3 10.39 * 17.17 * 0.56 = 99.90 * 37.8 = 3.8 

Roof 15.05 * 20.50 * 0.56 = 172.80 * 40.0 = 7 

 

 
 

          

 
Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

W
IN

D
W

A
R

D
 

0
.7

5
 P

W
 Level 1 7.72 * 13.33 * 0.75 = 77.30 * 56.5 = 4.4 

Level 2 9.31 * 13.33 * 0.75 = 93.20 * 37.3 = 3.5 

Level 3 10.39 * 17.17 * 0.75 = 133.80 * 37.8 = 5.1 

Roof 15.05 * 20.50 * 0.75 = 231.50 * 40.0 = 9.3 

 

 Diaphragm p (psf) * 
Height 

(ft) * 0.56 = W (plf) * 
Wall Length 

(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.5

6
 P

L Level 1 -4.29 * 13.33 * 0.56 = -32.10 * 56.5 = -1.9 

Level 2 -4.29 * 13.33 * 0.56 = -32.10 * 37.3 = -1.2 

Level 3 -4.29 * 17.17 * 0.56 = -41.30 * 37.8 = -1.6 

Roof -7.50 * 20.50 * 0.56 = -86.10 * 40.0 = -3.5 

             
 Diaphragm p (psf) * 

Height 
(ft) * 0.75 = W (plf) * 

Wall Length 
(ft) = Pw (kip) 

LE
EW

A
R

D
 

0
.7

5
 P

L Level 1 -4.29 * 13.33 * 0.75 = -43.00 * 56.5 = -2.5 

Level 2 -4.29 * 13.33 * 0.75 = -43.00 * 37.3 = -1.7 

Level 3 -4.29 * 17.17 * 0.75 = -55.30 * 37.8 = -2.1 

Roof -7.50 * 20.50 * 0.75 = -115.30 * 40.0 = -4.7 

 
 

Diaphragm 
Force to Apply 

0.56 P 

Location 

x y 

Level 1 5.2 49.0 28.3 

Level 2 3.8 44.0 18.6 

Level 3 5.4 39.8 18.9 

Roof 10.5 41.8 20.0 

Diaphragm 
Force to Apply 

 0.75 P 

Location 

x y 

Level 1 6.9 49.0 84.8 

Level 2 5.2 44.0 55.9 

Level 3 7.2 39.8 56.6 

Roof 14.0 41.8 60.0 



 

 
 

     Technical Report 4                                          Angela Mincemoyer     |     Structural 

P e g g y  R y a n  W i l l i a m s  C e n t e r  

 
Page 21 

Seismic Load Cases 
 Four seismic load cases were used to calculate the applied seismic forces.  Two of these load 

cases were in the North-South direction, accounting for positive and negative accidental torsion, 
and two were in the East-West direction, accounting for accidental torsion in that direction. The 
seismic forces were calculated for each floor of the building and then applied to the center of 
mass of each floor.  Because the seismic forces which were originally calculated in Technical 
Report 2 included the mass of the entire building, each seismic story force was adjusted to 
account for the decrease in the building’s mass (since the model only included the west portion 
of the building).  The accidental torsional moment was calculated by multiplying 5% of the Bx 
dimension (the length of the building face perpendicular to the force) by the story force.  The 
seismic force calculations may be viewed below.   

 

North-South Direction 
 

Diaphragm 
Story 
Force 
(kips) 

Adjustment 
Adj Story 

Force 
(kips) 

Story Shear 
(Vi) 

(kips) 

Bx 
(ft) 

5% Bx 
(ft) 

Ax 
Mz  

(ft-kip) 

Level 1 25.77 0.53 13.62 13.62 98.00 4.9 1.0 66.8 

Level 2 15.42 0.35 5.45 19.07 88.00 4.4 1.0 24.0 

Level 3 18.49 0.41 7.50 26.57 79.50 3.975 1.0 29.9 

Roof 8.79 0.40 3.49 30.07 83.50 4.175 1.0 14.6 

 

East-West Direction 
 

Diaphragm 
Story 
Force 
(kips) 

Adjustment 
Adj Story 

Force 
(kips) 

Story Shear 
(Vi) 

(kips) 

By 
(ft) 

5% By 
(ft) 

Ax 
Mz  

(ft-kip) 

Level 1 25.77 0.53 13.62 13.62 113.00 5.65 1.0 77.0 

Level 2 15.42 0.35 5.45 19.07 74.50 3.725 1.0 20.4 

Level 3 18.49 0.41 7.50 26.57 75.50 3.775 1.0 28.4 

Roof 8.79 0.40 3.49 30.07 80.00 4 1.0 14.0 
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Distribute Lateral Forces to Beams 
 Due to the way in which ETABS performs its calculations and the way the frames interact with 

the diaphragm, the program would not provide the beam forces.  Therefore, the story forces 
were distributed to the beams by hand using a relative stiffness method.  The calculation of the 
beam forces may be viewed below.   

 Equations Used 
  

Beam Axial Stiffness:        
           

   

 

Shear Wall Stiffness:        
     

   

 

Distribution of Forces:        
    

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FRAME K   
W 18x35 Beam 

  
Resists forces in EW direction 

 

    
E = 29000 ksi 

 
I1 = 93.4 in4 

 
I2 = 272 in5 

 
h = 159.96 in 

 

    
k = 31.07 k/in 

 
ki /∑ki = 0.0002 

  

Story  Load Case/Combo 
Story Force P M max 

(kip) (kip) (ft-kip) 

Story1 Wind - Case 1 - EW -18.2 -0.0034 -2.3079 

Story1 Wind - Case 3 - NS EW -13.7 -0.0025 -1.8824 

Story1 Earthquake -- EW -25.77 -0.0048 -1.9567 

Story1 Wind - Case 2 -- EW -16.1 -0.0030 -2.0718 

Story1 Wind - Case 4 -- NS EW -12.1 -0.0023 -1.6422 
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SOUTH FOUNDATION WALL 

Resists forces in EW direction 

   E =  3605.0 ksi 

t =  20.5 in 

b =  1092 in 

h =  159.96 in 

   k =  166975.8 k/in 

ki /∑ki =  0.9998 

  
 

FRAME 9 

W 18x35 Beam 
 Resists forces in NS direction 

   E =  29000 ksi 

I1 =  93.4 in4 

I2 =  272 in5 

h =  159.96 in 

   k =  31.07 k/in 

ki /∑ki =  0.0006 

  
 

Story  Load Case/Combo 
Story Force P M max 

(kip) (kip) (ft-kip) 

Story1 Wind - Case 1 - NS -19.7 -0.0117 -2.8319 

Story1 Wind - Case 3 - NS EW -14.8 -0.0088 -3.6253 

Story1 Earthquake -- NS  -25.77 -0.0154 -1.3853 

Story1 Wind - Case 2 -- NS -17.3 -0.0103 -2.7217 

Story1 Wind - Case 4 -- NS EW -13.0 -0.0078 -3.1441 
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FRAME 10 

W 18x40 Beam 
 Resists forces in NS direction 

   E =  29000 ksi 

I1 =  93.4 in4 

I2 =  272 in5 

h =  159.96 in 

   k =  31.07 k/in 

ki /∑ki =  0.0006 

  
 

Story  Load Case/Combo 
Story Force P M max 

(kip) (kip) (ft-kip) 

Story1 Wind - Case 1 - NS -19.7 -0.0117 2.8167 

Story1 Wind - Case 3 - NS EW -14.8 -0.0088 2.8469 

Story1 Earthquake -- NS  -25.77 -0.0154 1.4774 

Story1 Wind - Case 2 -- NS -17.3 -0.0103 2.5823 

Story1 Wind - Case 4 -- NS EW -13.0 -0.0078 2.4872 
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FRAME 13.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Story  Load Case/Combo 
Story Force P M max 

(kip) (kip) (ft-kip) 

Story2 Wind - Case 1 - NS -19.4 -6.47 6.6833 

Story2 Wind - Case 3 - NS EW -14.5 -4.83 0.5345 

Story2 Earthquake -- NS  -15.42 -5.14 3.65 

Story2 Wind - Case 2 -- NS -17.0 -5.67 5.1921 

Story2 Wind - Case 4 -- NS EW -12.8 -4.27 0.6033 

 
 

EAST FOUNDATION WALL 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

W 18x35 Beam 
 Resists forces in NS direction 

   E =  29000 ksi 

I1 =  93.4 in4 

I2 =  272 in5 

h =  159.96 in 

   k =  31.07 k/in 

ki /∑ki =  0.3333 

 

Resists forces in NS direction 

   E =  3605.0 ksi 

t =  20.5 in 

b =  360 in 

h =  159.96 in 

   k =  52017.38 k/in 

ki /∑ki =  0.9982 
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 Determination of Worst Case Wind/Seismic 
 The following shows a compilation of the ETABS output which illustrates the axial forces and 

moments of each member for each frame.  Both the worst case for the axial force and for the 
moment was determined.  Ultimately, the axial force will dictate the worst case lateral force for 
each frame because the magnitudes of the axial forces are much larger and in turn more 
significant than those of the moments. 

 
 NOTE: Positive numbers denote tension and negative numbers denote compression. 

FRAME K 
 

 
 
 

Frame K worst load case was determined to be Wind Case 1 in the East-West direction. 
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FRAME 9 
 

 
 
 
 

Frame 9 worst load case was determined to be Wind Case 3. 
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FRAME 10 

 
 
Frame 10 worst load case was determined to be Wind Case 3. 
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FRAME 13.1 

 

 
Frame 13.1 worst load case was determined to be Wind Case 1 in the East-West direction. 
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Determination of Controlling Load Combination 
 In order to determine the controlling load combination, each frame was modeled in RISA and 

three separate types of loadings were applied, the dead load, live load, and snow load.  An excel 
sheet was then constructed using both the axial forces and the moments in order to determine 
the controlling load combination.  The load combinations tested were taken from ASCE7-98 
Section 2.3.2 and may be viewed below.  By inspection, it was determined that only load 
combinations 2, 3, and 4 had to be calculated.  As shown by the calculations below, the 
controlling load combination for every frame was determined to be 1.2 D + 1.6 W + 0.5 L + 0.5 S. 
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FRAME K 
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FRAME 9 
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FRAME 10 
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FRAME 13.1 
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Check Frame Member Strengths 
Each frame’s elements were checked for strength adequacy.  For frames K, 9, and 10, the critical case 
was found to be at Story 1.  For frame 13.1, the critical case was found to be at Story 2 due to one of its 
columns discontinuing at Level 2, and the foundation wall picking up the load.  Each of the columns was 
checked using the interaction beam-column equations shown below.  Due to the small tension forces in 
the beams, the beams were only checked for their moment strength capacity.  Each of the braces was 
checked for their compression strength.  All of the ФPn and ФMn values were determined using tables 
found in the Steel Manual.  As indicated below, all of the members passed for strength. 
 

 Equations Used 
  

 Pu/ФPn ≥ 0.2  
  

   
 

   

    
     

 
  

 Pu/ФPn < 0.2  
  

    
 

  

   
     

 
 

 FRAME K 
 

At Story 1 Member Pu ФPn Mu ФMn Pu/ФPn 
Pu/ФPn + 

8Mu/9ФMn 
PASS/FAIL 

Column K12 W10x49 -333.3 492.0 6.3 106 0.68 0.73 PASS 

Column K13.1 W10x49 -221.9 492.0 6.1 227 0.45 0.47 PASS 

Beam W18x35 1.4 - -23.8 249     PASS 

Brace HSS8x8x3/8 -38.4 363.0 0.0 -     PASS 

 

FRAME 9 
 

At Story 1 Member Pu ФPn Mu ФMn Pu/ФPn 
Pu/ФPn + 

8Mu/9ФMn 
PASS/FAIL 

Column E9 W10x49 -305.9 492.0 10.5 106 0.62 0.71 PASS 

Column D9 W10x49 -297.0 492.0 -13.9 227 0.60 0.66 PASS 

Beam W18x35 1.6 - 28.3 249     PASS 

Brace HSS8x8x3/8 -52.5 363.0 0.0 -     PASS 
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FRAME 10 
 

At Story 1 Member Pu ФPn Mu ФMn Pu/ФPn 
Pu/ФPn + 

8Mu/9ФMn 
PASS/FAIL 

Column H10 W10x49 -209.3 492.0 26.7 227 0.43 0.53 PASS 

Column E10 W10x49 -217.8 492.0 -22.0 106 0.44 0.63 PASS 

Beam W18x40 0.5 - -83.6 294     PASS 

Brace HSS8x8x3/8 -32.4 363.0 0.0 -     PASS 

 

FRAME 13.1 
 

 
Member Pu ФPn Mu ФMn Pu/ФPn 

Pu/ФPn + 
8Mu/9ФMn 

PASS/FAIL 

Column N13.1 W10x49 -102.4 492.0 28.3 227 0.21 0.32 PASS 

Column K13.1 W10x49 -264.7 492.0 41.2 106 0.54 0.88 PASS 

Beam W18x35 1.6 - 45.2 249     PASS 

Brace HSS8x6x3/8 -34.4 278.0 0.0 -     PASS 

 
 

Check Drift 

 Seismic Story Drift 
 Story drift in each direction was checked against the allowable story drift per ASCE7-98 Table 

9.5.2.8.  As shown below, the story drifts were compared to the value calculated using the 
equation 0.015hsx.  Each of the directions passed with a large safety margin in respects to the 
allowable story drift and the check may be viewed below.  Accidental torsion was accounted for 
by checking the story drifts for both the positive and negative moments induced by the 
accidental torsion.  Because the building is classified as Seismic Design Category A, torsional 
irregularities did not need to be considered.   
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 North-South Direction 

  Positive Moment (due to Accidental Torsion) 
 

Story 
Maximum 

Allowable Drift 
Drift - X dirn Pass/Fail Drift - Y dirn Pass/Fail 

Level 1 0.19995 0.000106 PASS 0.000174 PASS 

Level 2 0.19995 0.000076 PASS 0.000269 PASS 

Level 3 0.19995 0.000137 PASS 0.000311 PASS 

Roof 0.30000 0.000207 PASS 0.000292 PASS 

 

  Negative Moment (due to Accidental Torsion) 
 

Story 
Maximum 

Allowable Drift 
Drift - X dirn Pass/Fail Drift - Y dirn Pass/Fail 

Level 1 0.19995 0.000013 PASS 0.000019 PASS 

Level 2 0.19995 0.000089 PASS 0.000053 PASS 

Level 3 0.19995 0.000094 PASS 0.000059 PASS 

Roof 0.30000 0.000077 PASS 0.000053 PASS 

 
 

 East-West Direction 

  Positive Moment (due to Accidental Torsion) 
 

Story 
Maximum 

Allowable Drift 
Drift - X dirn Pass/Fail Drift - Y dirn Pass/Fail 

Level 1 0.19995 0.000112 PASS 0.000156 PASS 

Level 2 0.19995 0.000994 PASS 0.000178 PASS 

Level 3 0.19995 0.000999 PASS 0.000178 PASS 

Roof 0.30000 0.000758 PASS 0.000156 PASS 

 

  Negative Moment (due to Accidental Torsion) 
 

Story 
Maximum 

Allowable Drift 
Drift - X dirn Pass/Fail Drift - Y dirn Pass/Fail 

Level 1 0.19995 0.000137 PASS 0.000194 PASS 

Level 2 0.19995 0.001160 PASS 0.000277 PASS 

Level 3 0.19995 0.001178 PASS 0.000291 PASS 

Roof 0.30000 0.000888 PASS 0.000242 PASS 
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Drift Due to Wind 
 Drift due to each of the four wind load cases was checked against the industry accepted 

standard of L/400.  Each of the load cases passed.  However, their safety margin was less than 
that of the seismic story drifts.  It was determined that the wind load case 1 in the East-West 
direction is critical for drift.  This makes sense because this case was also critical for member 
strength.   

 

  Case 1 

  North-South Direction 
 

Maximum 
Displacement 

(in) 

Maximum Allowable 
Displacement 

L/400 (in) 
Pass/Fail 

0.596817 1.8 PASS 

 

  East-West Direction 
 

Maximum 
Displacement 

(in) 

Maximum Allowable 
Displacement 

L/400 (in) 
Pass/Fail 

1.174024 1.8 PASS 

 

 Case 2 

  North-South Direction 
 

Maximum 
Displacement 

(in) 

Maximum Allowable 
Displacement 

L/400 (in) 
Pass/Fail 

0.581527 1.8 PASS 

 

  East-West Direction 
 

Maximum 
Displacement 

(in) 

Maximum Allowable 
Displacement 

L/400 (in) 
Pass/Fail 

1.057958 1.8 PASS 
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 Case 3 

  North-South & East-West Direction 
 

Maximum 
Displacement 

(in) 

Maximum Allowable 
Displacement 

L/400 (in) 
Pass/Fail 

1.081247 1.8 PASS 

 
 

 Case 4 

  North-South & East-West Direction 
 

Maximum 
Displacement 

(in) 

Maximum Allowable 
Displacement 

L/400 (in) 
Pass/Fail 

0.944237 1.8 PASS 

 
 
 

Impact on Foundation 
The overturning moment due to each wind and seismic was calculated and compared to the resisting 
moment of the building.  Because the controlling overturning moment was in the x direction and the x 
direction provides the smallest moment arm (thus the smallest resisting moment) for the building, only 
that overturning moment was checked.  It was determined by computing the below calculations that the 
building’s resisting moment is enough to resist the overturning moment induced on the building.  
Therefore, the foundation design would not need to be altered to resist the overturning moment.  
Further investigation would need to be done on the foundation to determine if it is adequate to carry 
the soil loads.   
 

 Overturning Moment Due to Wind 
 

Case 
Overturning Moment 

in X-dirn (ft-kip) 
Overturning Moment in 

Y-dirn (ft-kip) 

Wind - Case 1 - NS 4345.1 0.0 

Wind - Case 1 - EW 0.0 -3594.6 

Wind - Case 2 - NS 3819.2 0.0 

Wind - Case 2 - EW 0.0 -3164.7 

Wind - Case 3 - NS EW 3259.3 -2706.8 

Wind - Case 4 - NS EW 2868.1 -2374.9 
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 Overturning Moment Due to Seismic 
 

Case 
Overturning Moment 

in X-dirn (ft-kip) 
Overturning Moment in 

Y-dirn (ft-kip) 

Earthquake -- NS +moment 2021.3 0.0 

Earthquake -- NS -moment 0.0 -2021.3 

Earthquake -- EW +moment 0.0 -2021.3 

Earthquake -- EW -moment 0.0 -2021.3 

 

 Check Overturning Moment 
 
 Controlling Overturning Moment is Due to Wind = 4345.1 ft-kip 
 

Resisting Moment 
 

 
Building Weight 6257 kip 

 
Moment Arm 39.5 ft 

      

 
Resisting Moment 247151.5 ft-kip 

    
 

  Factor Safety for Overturning Moment 
  

       

 
Factor of Safety =  56.9 This is greater than the 1.5 factor of 

safety required by code so it passes 
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Conclusion 
 
The purpose of Technical Report 4 was to determine if the lateral system of the Peggy Ryan Williams 
Center at Ithaca College is acceptable according to industry standard serviceability and strength 
considerations.  Because of the problems previously discussed in this report, only the west portion of 
the building’s lateral system was created in ETABS.  That portion of the building consists of four 
concentrically braced steel frames and a foundation wall on the east and south sides of the building.  
Once the model was complete, it was verified by checking its behavior when a 100 kip load was applied 
in each the x direction and the y direction.  Once the model was confirmed, it was used to distribute the 
lateral forces to each element of the lateral system.   
 
The lateral system was checked for the wind and seismic load cases as described in ASCE7-98.  If was 
determined that the critical load case for all of the frames was one of the wind load cases.  This makes 
sense because the building is located in Ithaca, New York.  The critical case for two of the frames was 
wind load case 1 in the east and west direction.  The remaining frames’ critical load case was the wind 
load case 3.  These results were then combined with live, dead, and snow loading results from RISA in 
order to conclude that the controlling load combination was 1.2 D + 1.6 W + 0.5 L + 0.5 S.   
 
Each frame was checked at its critical level in order to determine if it has adequate strength.  It was 
found that each member of each frame’s critical level is adequate with regards to strength.  Drift due to 
both wind and seismic loading was also checked.  The lateral system was found to be adequate with 
respect to industry standard serviceability.  Finally, overturning moments and impact on the foundation 
was considered.  A large factor of safety for the overturning moment on the foundation was found.  
Therefore, the foundation was determined to be adequate.  However, the foundation would also need 
to be checked for soil loads.   
 
Upon completion of the lateral system analysis of the Peggy Ryan Williams Center, it has been 
determined that the building’s lateral system is acceptable according to industry standard serviceability 
and strength conditions.   
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Appendix A 
 
First Floor Framing Plan – Highlighting the Region of the Building Modeled and the Lateral Elements 
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Appendix B  

 Gravity Loads from Technical Report 2 
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 Adjusted Gravity Loads from Technical Report 2 Amendment 
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Appendix C  

 Wind Loads from Technical Report 2 
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Adjusted Wind Loads from Technical Report 2 Amendment 
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Appendix D 

 Seismic Loads from Technical Report 2 
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Adjusted Seismic Loads from Technical Report 2 Amendment 
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