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Dear Dr. Said, 

The attached document contains a detailed analysis of the lateral system for the Brendan Iribe 
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This report includes a comparison of hand calculations and RAM output for center of 

rigidity/mass calculations, total shear into each lateral frame, and wind/seismic loads. After 

validating the computer model, spot checks are performed to determine serviceability.  

Thank you for taking time to review this technical report. I look forward to your feedback and 

discussing where to go from here. 
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Executive Summary 

As one of the world’s top computer science institutions, the University of Maryland continues to 

grow. There is no longer enough room in the existing facilities to keep up with the latest 

advancements in virtual reality. The Brendan Iribe Center for Computer Science and Innovation 

will help separate the University of Maryland from its competitors.  

Six stories of collaborative classrooms, research labs, seminar rooms, offices, and many common 

areas will welcome students and faculty alike. A 300-seat auditorium will provide the University 

of Maryland an opportunity to showcase its latest research such as cybersecurity, computational 

biology, and quantum computing. The open floor plans will help promote collaborating amongst 

peers, and ultimately set these students up for successful careers.  

Structurally, the Brendan Iribe Center for Computer Science and Innovation utilizes steel wide 

flange girders and columns to support gravity loads. The curvilinear shape of the building results 

in unequal bays as infill beams change as the shape of the building changes. Due to the irregular 

shape, there are several unique components of this system such as curved HSS beams along the 

southern wall. The 300- seat Antonov Auditorium utilizes wide flange girders and columns, as 

well as a 90’ truss to support the different levels and roof.  

From a lateral standpoint, the Brendan Iribe Center for Computer Science and Innovation uses 

ordinary moment frames and vertical trusses throughout each wing of the building and the 

auditorium. All loads are in accordance with the 2015 International Building Code and ASCE 7-

10.  

This report will provide gravity and lateral calculations which will be used for further analysis of 

the building.  
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1. General Information 
 

1.1 Site Plan 
 

The Brendan Iribe Center for Computer Science and Innovation is located at the eastern part of 

campus at the intersection of Baltimore Pike and Campus Drive.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Site Plan 
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1.2 Documents used in Preparation of Report 
 

The following is a list of codes, standards, and other references that were used for calculations 

throughout this report.  

 Brendan Iribe Center for Computer Science and Innovation  

o Structural Drawings 

 International Code Council 

o 2015 International Building Code  

 American Society of Civil Engineers 

o ASCE 7-10: Minimum Design Loads for Buildings and Other Structures 
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2. Gravity Loads 
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2.1 Roof Loads 
See Appendix A to view bay used in determination of gravity loads 
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2.2 Snow Loads 
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2.3 Floor Loads 
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2.4 Perimeter Loads 
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2.5 Non-Typical Loads 
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3. Wind Loads 
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See Appendix B for determination of wind load direction  
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4. Seismic Loads 
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5. Typical Member Spot Checks for Gravity 

Loads  
 

The following section analyzes the existing gravity system of the Brendan Iribe Center for 

Computer Science and Innovation. The existing system is composite steel framing with 3 ¼” 

lightweight concrete on 3” 20 gage metal deck. The bay that was chosen to be analyzed is 

highlighted in Figure 2 below and was selected as it represents a fairly standard size bay 

throughout the building. The columns circled below represent the interior and exterior columns 

that are analyzed. Note that the Dead Load for a typical floor from Notebook Submission A has 

been reduced from 73 PSF to 68 PSF as the framing allowance was reduced from 15 PSF to 10 

PSF.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Bay used in analysis 
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6. Alternative Framing Systems for Gravity 

Loads 
 

6.1 Alternate Design #1: Non-Composite Steel Framing 
 

The same bay that was analyzed above will now be redesigned using non-composite steel 

framing. The deck is designed using the Vulcraft Catalog.  
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6.2 Alternate Design #2: One-Way Slab with Edge Beam 
 

This 21’ x 30’ bay will now be designed using a one-way slab with edge beams. The slab will 

span parallel to the 21’ direction.   
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6.3 Alternate Design #3: Hollow Core Plank on Wide Flanges 
 

The final design will be a hollow core plank slab on wide flanges. The hollow core plank was 

designed using Nitterhouse Prestressed Nicore Planks. The specification for the design used is 

included at the end of the section.  
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7. Systems Comparison  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analyzing the four different systems shows that composite framing is the best option for this 

project as it is one of the cheaper, lightweight options that allows for an irregular layout. Moving 

forward, non-composite framing and one-way slab could be viable options as non-composite 

framing could reduce vibrations due to the larger depth while one way slab is the cheapest and 

smallest depth. The hollow core plank on wide flanges does not appear to be a viable option due 

to difficult constructability because of the building layout.   

 

 

 

 

 

 

 

Considerations
Composite Steel 

Framing

Non-Composite 

Steel Framing
One- Way Slab

Hollow Core Plank 

on Wide Flanges

Architectural 

Depth 27" 30" 11" 27"

Fire Rating 2 Hour 2 Hour 2 Hour 1 Hour 

Construction Information 

Cost/SF $7.53 $7.60 $5.96 $7.17

Weight 57.0 PSF 65.7 PSF 142.4 PSF 57.1 PSF

Future Design Considerations 

Advantages 

Lightweight, fairly 

cheap, minimal 

formwork

Lightweight, 

fairly cheap, 

minimal 

formwork

Smallest depth, 

cheapest option, 

minimal vibrations

Lightweight, fairly 

cheap, faster 

construction

Disadvantages
Large Depth, 

vibration

Largest depth, 

vibration

Largest weight, 

requires most 

formwork

Large depth, 

difficult to fit 

rectangular panels 

in irregular shaped 

bays

Further Research N/A Yes Yes No
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8. Lateral Analysis 
 

This section analyzes the existing lateral system in the Brendan Iribe Center for Computer 

Science and Innovation. RAM Structural System was used to create a computer model as shown 

in Figure 3 below. In addition to the RAM model, hand calculations have been performed to 

validate the accuracy of this computer model.  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 3: RAM model 
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8.1 Modeling Information 
 

Several factors were considered in the creation of this model 

Diaphragm: 

8. Assigned to be a rigid diaphragm at each level 

9. Uniform dead and live load assigned from Notebook Submission A 

10. Self-weight of diaphragm included in RAM 

Moment Frames: 

 Beams and columns are fixed-fixed 

 Column bases are fixed-fixed with spread footings 

 Self-weight of framing included in RAM 

Braced Frames: 

 Braces are pinned-pinned to beams/columns 

 Column bases are fixed-fixed with spread footings 

 Self-weight of framing included in RAM 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



 

32 
 

NOTEBOOK SUBMISSION C                                                                                                  BRENDAN BARRETT 

Figure 4 shows a plan of the lateral members throughout the building. There are 17 separate 

lateral members, including moment frames, braced frames, combination of the two. Frames 1-10 

continue from the base to the roof, while frames 11-17 continue from the ground to the 2nd floor, 

which is the roof for the auditorium  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.2  Model Validation 
 

8.2.1 Stiffness Calculation  

 

 

Figure 4: LFRS plan 
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8.2.2 Center of Rigidity Calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑋𝑅 =  
∑ 𝑅𝑦𝑋

∑ 𝑅𝑦
=  

325535.9

9776.578
= 33.29′ 

 

𝑌𝑅 =  
∑ 𝑅𝑥𝑌

∑ 𝑅𝑥
=  

−1358490

9589.763
= −141.66′ 

 

Frame Number Element Direction x y Rx Ry Rx*Y Ry*X

1 x -110.5 490.49 -54199.5

y 156.4 525.99 82264.72

2 x -96.9 47.25 -4578.09

y 115.75 44.06 5099.605

3 x -126.3 1426.36 -180149

y 139.7 1330.10 185815

4 x -155 31.32 -4854.41

y 174.5 56.50 9859.321

5 x -137 559.92 -76709.2

y 137 600.44 82260.42

6 x -145 446.91 -64802.5

y 129.2 479.26 61919.85

7 x -186.5 301.86 -56297.1

y 1 2458.44 2458.437

8 x -149.5 2133.28 -318925

y -17.22 261.93 -4510.5

9 x -225.8 2174.20 -490934

10 x -189.4 378.68 -71721.3

y -28.7 3084.04 -88511.9

11 x -107.67 26.62 -2865.82

y 29.25 19.34 565.64

12 x -105.67 41.27 -4361.28

y -19.5 4.34 -84.5896

13 x -90.5 300.70 -27213.4

14 x -82.67 8.68 -717.862

y -75.75 28.40 -2151.47

15 x -45.75 3.52 -161.092

y -69.2 40.25 -2785.04

16 x 0 1218.70

17 y -7.9 843.50 -6663.65

Σ 9589.763503 9776.578 -1358490 325535.9

Table 1: COR calculation 
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8.2.3 Center of Mass Calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑋𝐶𝑂𝑀 =  
∑ 𝑊𝑥

∑ 𝑊
=  

37457.864

92193.456
= 17.08′ 

 

𝑌𝐶𝑂𝑀 =  
∑ 𝑊𝑦

∑ 𝑊
=  

−288293.107

92193.456
= −141.43′ 

Figure 5: COM determination 

Element Area (ft2) Weight(psf) W (k) x y W*x W*Y

Floor (A) 9779 48 469.39 151.4 -116.25 71065.95 -54566.82

Floor (B) 13093 48 628.46 43.75 -181.5 27495.30 -114066.22

Floor (C.) 7914 48 379.87 -93.25 -192.25 -35423.06 -73030.39

Floor (D) 14911 48 715.73 -35.88 -65.15 -25680.32 -46629.68

Σ 45697 2193.456 37457.86416 -288293.1072

Table 2: COM calculation 



 

35 
 

NOTEBOOK SUBMISSION C                                                                                                  BRENDAN BARRETT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The center of rigidity calculation is off in the x direction by about 19 feet in the x direction and 

about 36 feet in the y direction. The hand calculated center of rigidity could be off for a number 

of reasons. The most probable reason is the result of breaking the angled frames into its 

respective x and y components. In reality, the frame does not act in the x and y direction, it only 

acts in line with the frame. However, breaking the frame into components is necessary for 

performing this calculation by hand. The angled members are most certainly the cause of 

discrepancy between RAM and the hand calculations. The center of mass calculation is off by 

about 9 feet in the x and y direction. Due to the irregular geometry of the building floor plan, the 

building had to be broken into separate shapes as shown in Figure 5 on the previous page. This 

irregular shape will not result in an exact center of mass. In addition, RAM takes into account 

slap openings which the hand calculations do not, which also increases the discrepancy.  

COR 

COM 

Figure 6: COR and COM comparisons 
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8.2.4 Total Shear into Frames 

 

After comparing the total building shear of each case in RAM, it has been determined that Wind 

Case 1 (North-South direction) is the controlling lateral case. A building shear of 1254.26 kips is 

applied at the center of geometry, results in an eccentricity of 3.8’ from the center of rigidity. 

This yields a torsional moment of 4766.188 ft-k.  

 

 

 

 

 

 

 

 

 

 

 

 

 

To check the torsional shear, an equilibrium check has been performed. Σ(Vt * di) = 

(107.63*4.41)+(23.67*0.09)+(60.50*6.73) +…(141.20*9.81)*(26.10*1.26) = 4766.188 ft-k. As 

previously stated when comparing center of rigidity and center of mass, the angled frame 

members throw off the total shear into each frame. Several frames, including frame 3,10, and 15 

have percent error of less than 2%, whereas frames 12 and 13 have percent error of more than 

100%. For lateral spot checks in this report, Frame 10 will be analyzed due to the similarity 

between the hand calculations and RAM.  

 

 

 

 

 

 

Torsional Shear Total Shear 

Frame Rx Ry R di Ridi Ridi2
Vdx Vdy Vt V Vx Vy V % error

1 490.49 525.99 719.20 107.63 77407.50 8331368.79 64.15 67.48 4.41 88.70 57.26 64.14 85.98 3.16

2 47.25 44.06 64.60 23.67 1529.08 36193.37 6.18 5.65 0.09 8.29 3.25 3.97 5.13 61.52

3 1426.36 1330.10 1950.30 60.50 117993.15 7138585.58 186.56 170.64 6.73 246.10 174.79 171.79 245.08 0.42

4 31.32 56.50 64.60 132.33 8548.52 1131225.39 4.10 7.25 0.49 7.84 0.00 4.33 4.33 81.03

5 559.92 600.44 821.00 78.00 64038.00 4994964.00 73.23 77.03 3.65 102.64 48.71 55.89 74.14 38.44

6 446.91 479.26 655.30 67.00 43905.10 2941641.70 58.45 61.48 2.50 82.33 48.77 52.82 71.89 14.52

7 301.86 2458.44 2476.90 37.30 92388.37 3446086.20 39.48 315.40 5.27 312.59 21.12 183.60 184.81 69.14

8 2133.28 261.93 2149.30 1.90 4083.67 7758.97 279.01 33.60 0.23 280.80 126.76 15.96 127.76 119.78

9 2174.20 0.00 2174.20 82.90 180241.18 14941993.82 284.37 0.00 10.28 274.09 4.63 0.95 4.73 98.28

10 378.68 3084.04 3107.20 67.90 210978.88 14325465.95 49.53 395.66 12.03 386.72 46.70 379.30 382.16 1.19

11 26.62 19.34 32.90 25.50 838.95 21393.23 3.48 2.48 0.05 4.23 1.78 2.44 3.02 39.95

12 41.27 4.34 41.50 36.60 1518.90 55591.74 5.40 0.56 0.09 5.51 1.18 1.46 1.88 193.69

13 300.70 0.00 300.70 51.67 15537.17 802805.52 39.33 0.00 0.89 38.44 10.31 0.47 10.32 272.49

14 8.68 28.40 29.70 86.80 2577.96 223766.93 1.14 3.64 0.15 3.67 0.11 2.82 2.82 30.03

15 3.52 40.25 40.40 90.30 3648.12 329425.24 0.46 5.16 0.21 5.39 0.52 5.45 5.47 1.52

16 1218.70 0.00 1218.70 141.20 172080.44 24297758.13 159.40 0.00 9.81 149.59 129.60 2.47 129.62 15.40

17 0.00 843.50 843.50 26.10 22015.35 574600.64 0.00 108.21 1.26 109.47 0.46 223.61 223.61 51.04

Σ 9589.76 9776.58 J [(k/in)*ft2] 83600625.19

RAMDirect Shear

Table 3: Total shear into each frame 



 

37 
 

NOTEBOOK SUBMISSION C                                                                                                  BRENDAN BARRETT 

8.2.5 Wind Load Comparisons 

 

The wind load calculations from notebook submission A have been revised and are shown 

below.  

 

 

 

 

 

 

 

 

As stated previously, Case 1 (Wind north-south and east-west) will be used to validate the wind 

loads. The tables below compare wind in the north-south direction and wind in the east-west 

direction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

z (ft) qz (psf) pwinward pleeward proof Trib Height Trib Weight Story Force

Ground 18 17.86 11.93 -14.15 12.75 380 126.37

1 43.5 24.36 16.28 -14.15 20.085 380 232.23

2 58.17 26.40 17.64 -14.15 14.67 380 177.23

3 72.84 28.24 18.87 -14.15 14.67 380 184.07

4 87.51 29.85 19.94 -14.15 14.67 380 190.04

5 102.18 31.19 20.84 -14.15 14.67 380 195.05

Penthouse 116.85 32.34 21.61 -14.15 17.25 380 234.39

Roof (0'-68.33) 136.67 33.89 22.64 -14.15 -25.931 9.915 380 138.63

Roof (68.33-136.67') 136.67 33.89 -24.818 9.915 380

Roof (136.67-273.33') 136.67 33.89 -14.479 9.915 380

Roof (> 273.33') 136.67 33.89 -9.146 9.915 380

Base Shear 1478.02

Table 4: Wind loads from Notebook Submission A 

Hand Calculations RAM

Level Height Fx Fy % error

Roof 136.67 138.63 128.75 7.13

Penthouse 116.85 234.39 220.39 5.97

5th Floor 102.18 195.05 182.71 6.33

4th Floor 87.51 190.04 177.97 6.35

3rd Floor 72.84 184.07 172.61 6.23

2nd Floor 57.17 177.23 166.38 6.12

1st Floor 43.5 232.23 273.85 17.92

Ground 18 126.37 77.2 38.91

Base Shear 1478.01 1399.86 5.29

Table 5: Wind loads in the north-south direction 

Level Height Fx Fx % error

Roof 136.67 93.88 56.19 40.147

Penthouse 116.85 158.73 95.9 39.583

5th Floor 102.18 132.09 79.11 40.109

4th Floor 87.51 128.7 76.66 40.435

3rd Floor 72.84 124.65 74.68 40.088

2nd Floor 57.17 120.025 83.62 30.331

1st Floor 43.5 157.23 138.94 11.633

Ground 18 85.58 94.9 10.89

Base Shear 1000.885 700 30.062

Table 6: Wind loads in the east-west direction 
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The hand calculations for the wind in the north-south direction are fairly accurate compared to 

the RAM model. In the east-west direction however, it is off by about 30-40% at each level. To 

determine the wind loads for this building, a rectangle was drawn around the buildings largest 

dimensions, as shown in Appendix A. It makes sense that wind in the north-south direction will 

be more accurate as the building’s actual east-west dimension spans the 380’, resulting in more 

accurate surface area for the north-south wind to apply to the building. However, the dimensions 

in the north-south direction do not span the whole 245’. This also explains why the hand 

calculations are larger than the RAM loads, as the wind loads were being applied to a larger 

surface area than the building’s actual dimensions.   

 

8.2.6 Seismic Load Comparisons  

 

 

 

 

 

 

 

 

 

 

 

The hand calculation and RAM seismic loads are fairly accurate, thus validating the seismic 

loads.  

 

8.3 Lateral System Checks  
 

8.3.1 Lateral Spot Checks 

 

As stated previously, Frame 10 will be used for lateral spot checks due to the accuracy between 

hand calculations and RAM. The controlling load case is 1.2D + 0.5 L + 1.0 W. 

Hand Calculations RAM

Level Height Fx Fx % error

Roof 136.67 480.92 435 9.6503

Penthouse 116.85 290.52 213 26.742

5th Floor 102.18 176.93 182 2.8825

4th Floor 87.51 147.93 152 3.0149

3rd Floor 72.84 119.68 123 3.1668

2nd Floor 57.17 109.19 130 18.711

1st Floor 43.5 102.39 94.9 7.3445

Ground 18 40.77 8.56 79.004

Base Shear 1468.33 1338 8.857

Table 7: Seismic Loads  
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8.3.2 Story Drift  

 

The allowable story drift at each level is h/400. In RAM, the drift ratio provides a ration of the 

allowable drift per foot. Therefore, the allowable drift ratio is h/400 = 1/400 = 0.0025. Figure 7 

below shows the story drift of each load combination at the roof at the corner of the building, 

where drift is expected to control. Three of the load combinations (W14, W17, and W23) do not 

pass as the ratios are greater than 0.0025. The largest ratio is 0.0030, which is 20% greater than 

the allowable. One explanation for this could be the frames were not modeled correctly in RAM 

(i.e. wrong size assigned, did not assign all bracing). Further investigation will be done to 

determine why drift is not passing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Story Drift  
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8.3.3 RAM Member Code Check 

 

Figure 8 shows the member code check that RAM offers. The darker the color, the lower the 

interaction; the lighter the color, the higher the interaction (i.e. <0.4 is blue, <0.6 green, <0.8 

yellow). Any member above an interaction of 1.0 is red. Several members in the model do not 

pass, all of which are braced members in the auditorium. Similar to story drift, further 

investigation will need to be done to determine why these members are not passing for strength.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: RAM member code check   
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Appendix A- Wind Load Calculation 
 

This diagram shows the orientation of the direction that the wind load was applied. Due to the 

irregular shape of the building, the buildings largest dimensions were used to yield a more 

conservative analysis.  
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Appendix B- Cost Estimate 
 

 

Composite Framing 

 

 

 

 

 

 

 

 

 

 

Non-Composite Framing 
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One- Way Slab 

 

 

 

 

 

 

 

 

 

 Hollow Core Plank on Wide Flanges 

 

 

 

 

 

 

 

 

 

 

 


