Letter of Transmittal

October 14, 2016

Dr. Aly Said

The Pennsylvania State University
209 Engineering Unit A
University Park, PA 16802
aly.said@engr.psu.edu

Dear Dr. Said,

The attached document contains a detailed analysis of the gravity system for the Brendan Iribe
Center for Computer Science and Innovation in College Park, MD.

This report includes spot checks for the gravity loads determined from Notebook Submission A.
Three alternative systems were designed to determine which systems are viable options to use
moving forward.

Thank you for taking time to review this technical report. | look forward to your feedback and
discussing where to go from here.

Best Regards,

Brendan Barrett
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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.
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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.

e Brendan Iribe Center for Computer Science and Innovation
o Structural Drawings
e International Code Council
o 2015 International Building Code
e 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

| [randem Reuceld Grovity  Leeds |
' I

Saew Loodr

‘ Goynd  Snaw Vool

pg: 3% P\EF (F:juﬂ'f 'j—]j

({ - Oq C T-Ffrf{'."'\ {"a# E/ 'F."«-ﬂ'll"? f’}pﬂﬂ'c".ll
Cqy= L0 l_,}'"lll Ldrvetuer/
Ts2 11 ( Risk Colayory 'I[IJ

pe= 02(08)(Lo) (1) (35

- 24 26 PCF 4+ Unbelineed | D’f:“'ﬂi‘ ond ﬂld‘*ﬂj

Drids ) reel bep qurﬂ'-(n ;
@ |. Locwar duts > [, 265

hd= 043 J1. W}T—ﬁ -1
: oM Y25 WIs s

Cbb 4
X~ D.IEF;; +1Y
< 013(35) 414
> 186 pef
s 2496 7% g @b < 17 => Nay ok hagh?

hez (0- 1.3 = ¢ he o 80 g 50 oot

i 1.3
heche = wzYhd = Y(Set)= 22.b4
. Q42 PIF
pd - he O ) TCTILECILL AL (g5, 3 OS5
- s'bl:l(_ 18,4 ® I Lﬁ%ﬁm M 24 BEF
- Iug.g Pj‘]: J.,_..EE%_'.. - ..M..._r_._.;l.'.j.&‘._ﬁr l

10



NOTEBOOK SUBMISSION B BRENDAN BARRETT

| CBrode (Sarett Gravity  Locor

Dl Fm  Towtr  ont auvéitorium . ‘

. Letwad  Orifs —> fu= SF
hes 043 358 U160 1S |
> 291 A |
- 196 faf
he= 13

hew b8~ 137 = bb7
hd the —> w<Yhdz Y(29) = |29

péz bal
= a0
= §2.7 PSF

. a".2b PSF
F:m:DIr:I:
523 PSF

o 2426 BF

ETH
?—d T 4

e

5? 99"

11



NOTEBOOK SUBMISSION B BRENDAN BARRETT

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

16
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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 ¥4”
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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NOTEBOOK SUBMISSION B BRENDAN BARRETT

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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NOTEBOOK SUBMISSION B BRENDAN BARRETT

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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NOTEBOOK SUBMISSION B BRENDAN BARRETT

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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Prestressed Concrete
6"x4'-0" NiCore Plank

1 Hour Fire Resistance Rating (Untopped)

PHYSICAL PROPERTIES
Precast
A=187in? bw=16.13in.
| =757 in Sp=245in’
Y,=3.09 in. S:=260in3
Y, =2.91in. Wt=195 PLF
e=1.34in. Wt=48.75 PSF
3-10d"
DESIGN DATA 5%" 7%-- 7%u 7%u 7%-: 7%-- 5%-1
1. Precast Strength @ 28 days = 6000 PSI o
2. Precast Strength @ release = 3800 PSI 8y
3. Precast Density = 150 PCF . h
4. Strand = 1/2"@ 270K Lo-Relaxation. © H ° ° m ° ° m ° m ° m ° {;
5. Strand Height = 1.75 in. o 5 | 5.
6. Ultimate moment capacity (when fully developed)... ‘ . N e
7-3/8"Q, 270K = 46.4 k-ft at 60% jacking force 40" 0%

6-1/2"@, 270K = 67.2 k-ft at 60% jacking force | |

7-1/2"Q, 270K = 75.5 k-ft at 60% jacking force

7. Maximum bottom tensile stress is 10 \/f?= 775 PSI
8. All superimposed load is treated as live load in the strength analysis of flexure and shear.
9. Flexural strength capacity is based on stress/strain strand relationships.

10. Deflection limits were not considered when determining allowable loads in this table.

11. Load values to the left of the solid line are controlled by ultimate shear strength.

12. Load values to the right are controlled by ultimate flexural strength or allowable service stresses.

13. Camber is inherent in all prestressed hollow core slabs and is a function of the amount of eccentric
prestressing force needed to carry the superimposed design loads along with a number of other
variables. Because prediction of camber is based on empirical formulas it is at best an estimate, with
the actual camber usually higher than calculated values.

SAFE SUPERIMPOSED SERVICE LOADS IBC 2012 & ACI 318-11 (1.2D +1.6 L)
Strand SPAN (FEET)
Pattern 121314 |15[16 |17 |18 19|20 |21 |22 |23 |24 |25|26 |27 |28 |29 |30
6 -1/2"s | LOAD (PSF) 3533221295273 (2441215(197|175(155|149|132(118|104| 92 [ 81 | 73 | 64 | 57 | 50
7-1/2"s | LOAD (PSF) 4071372341303 |269|2441226|1202|183|1664149|133|118|105| 94 | 83 | 74 | 66 | 59

% Z ? % E % %@ E’E% E This table is for simple spans and uniform loads. Design data

for any of these span-load conditions is available on request.

CONCRETE N PRODUCTS Individual designs may be furnished to satisfy unusual conditions

of heavy loads, concentrated loads, cantilevers, flange or stem
openings and narrow widths. The allowable loads shown in this
2655 Molly Pitcher Hwy. South, Box 2013 table reflect a 1 Hour & 0 Minute fire resistance rating.

Chambersburg, PA 17202-9203

717-267-4505 Fax 717-267-4518 03/25/14 6 F 1 . 0



NOTEBOOK SUBMISSION B BRENDAN BARRETT

7.Systems Comparison

. . Composite Steel [ Non-Composite Hollow Core Plank
Considerations . . One- Way Slab .
Framing Steel Framing 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
Lightweight,
Lightweight, fairly fagirl chfa Smallest depth, [Lightweight, fairly
Advantages cheap, minimal miynimal P cheapest option, cheap, faster
formwork minimal vibrations construction
formwork
Large depth,
Largest weight, difficult to fit
. Large Depth, Largest depth, & . &
Disadvantages . . ] . requires most [rectangular panels
vibration vibration L
formwork inirregular shaped
bays

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.
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Appendix A

The highlighted bay was used for determination of gravity loads at a typical floor and the roof.
This bay was used because it has the largest spans throughout the building, which results in a
higher dead load and is thus more conservative.

KEY PLAN

Vil
d
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Appendix B

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 C- Cost Estimate

Composite Framing

Group Phase Description Takeoff Quantity | Material Price | Material Amount | Total Cost/Unit | Total Amount
3000.000 CONCRETE
3220.050 Rebar: Wiremesh
Wiremesh - Walks 6x5 6/5 §30.00 sf 0.08 /sf 58 0.08 Jsf 58
3310.260 Conc: Suspended Slab
Susp Slab Conc 3500 psi 532 cy 5008 Jcy 391 §1.87 ey 391
5000.000 METALS
5090.030 Fastener: Metal Welds
Shear Studs At Beams 118.00 ea 720 lea 850 720 lea 850
5121.010 Structural: W Shapes
W Shape W12x19 63.00 If 1,200.00 fton T8 11.40 Af 718
W Shape W 14x22 21.00 I 1,200.00 fon 277 13.20 A 277
W Shape W 21x44 30,00 I 1,200.00 fon 782 25.40 Nf 782
W Shape W 21x50 30,00 I 1,200.00 fon S00 30.00 AF 500
5310.010 Structural: Steel Deck
Deck Steel 3 " Deep §30.00 sf 1.20 Jsf 756 1.20 Jsf 756
Non-Composite Framing
Group Phase Description Takeoff Quantity | Material Price | Material Amount | Total Cost/Unit | Total Amount
3000.000 CONCRETE
3110.500 Forms: Beams
Beam Bottom Form 681.00 sf 0.82 /st 572 0.84 /st 572
3310.260 Conc: Suspended Slab
Susp Slab Conc 3500 psi 1167 cy 6006 Jcy 722 61.86 oy 722
5000.000 METALS
5121.010 Structural: W Shapes
W Shape W 14x30 8400 If 1,200.00 #ton 1512 18.00 Af 1512
W Shape W 24x55 60.00 If 1,200.00 #on 1,980 3300 M 1,980
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One- Way Slab

Group Phase Description Takeoff Quantity | Material Price | Material Amount | Total Cost/Unit | Total Amount
3000.000 CONCRETE
3110.500 Forms: Beams
Beam Bottom Form 180.00 sf 0.82 /st 151 0.84 /st 151
Beam Bottom Form 1,752.00 sf 0.82 /st 1,473 0.84 /st 1473
3210.700 Rebar: Beams
Beam Rebar#3 288.00 If 528.00 fon 30 010 Af 30
Beam Rebar#5 630.00 If 528.00 #fon 178 028 178
Beam Rebar #8 630.00 If 528.00 fon 257 041 0 257
Beam Rebar#9 120.00 If 528.00 #fon 111 093 111
3310.260 Conc: Suspended Slab
Susp Slab Conc 3500 psi 2140 oy 60.06 Jcy 1,324 6186 /oy 1324
3310.340 Conc: Beams
Beam Conc 3500 psi 375 oy 60.06 fcy 232 61.87 lcy 232
Hollow Core Plank on Wide Flanges
Group Phase Description Takeoff Quantity | Material Price | Material Amount | Total Cost/Unit | Total Amount
3000.000 CONCRETE
3110.500 Forms: Beams
Beam Bottom Form 681.00 sf 0.82 Jisf 572 0.84 Jsf 572
3310420 Conc: Waffle Slab
Waffle Slab Conc 3500 psi 11.67 cy 60.06 Jcy 722 61.86 Jcy 722
5000.000 METALS
5121.010 Structural: W Shapes
W Shape W 16x31 63.00 If 1,200.00 fton 1,172 1860 A 1,172
W Shape W 21x57 §0.00 If 1,200.00 fton 2,052 3420 AF 2,052
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