Wangjae You
wvy5021@psu.edu

September 26, 2014

Dr. Aly Said
aus59@psu.edu
210 Engineering Unit A

Dear Dr. Aly Said,
This report was prepared to be summated for Structural Technical Report 2 for AE
481W.

Structural Technical Report 2 includes a comprehensive design evaluation of
structural system of the building. This analysis includes calculations of roof loads,
floor loads, exterior wall loads, snow loads, wind loads and seismic loads. The
report was prepared using a combination of hand calculations and spreadsheets.

Thank you for reviewing this report and | look forward to discussing with you in the
future.

Sincerely,
Wangjae You

Enclosed: Structural Technical Report 2
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LIFE SCIENCES BUILDING - NORTH EAST OF THE U.S.

General Information

Full Height: 91 ft

Number of Stories: 5 stories

Size: 174,500 square-foot

Cost: $91.6 million

Date of Construction: September 2008 - August 2011
Project Delivery Method: Design-bid-build

Project Team

Owner: Education Institutes

Architect: Bohlin Cywinski Jackson

Structural: Ryan-Biggs Associates, P.C.
MEP/Lighting: vanZelm Heywood & Shadford, Inc.
Construction: Bond Brothers, Inc

Project Manager: PML Project Management
Sustainability: Atelier Ten

Project Sponsor: Ryan-Biggs Associates, P.C.

Architecture Structural Systems Sustainability Features
The main concept of design in Foundation: cast-in-place concrete This building is certified as a
floor plan is to promote the spread and strip footings LEED Platinum. Greenhouse
interaction of idea and technique on the roof improves building

Framing: Structural Steel Frame with

between people using the '
composite concrete slabs on metal deck

performance in energy

building. To place laboratories in throughout the year.

the first floor provides easy Lateral: Structural Steel Braced Frames

accessibility to whom uses this

building.

Mechanical Electrical/Lighting

**Mechanical drawings have been requested **Electrical drawings have been requested to
to Ryan-Biggs and waiting for the response. Ryan-Biggs and waiting for the response.
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EXECUTIVE SUMMARY

Life Sciences Building is located in north east of the United States (A generic information of building is requested
by the owner). The goal of this project was to create a national model of sustainable design for laboratory buildings
and the building was awarded LEED Platinum. The building is a 5 stories and 174,500 square feet. The geometry
of building is L-shape and considered as long span structure. The building is divided into three section and each
section perform its own function. A greenhouse is placed in the roof to serve research space and provide building
energy performance. This technical report provides the summary of the structural existing conditions and explores
potential alternatives of the system, especially in structure, throughout the course.

The foundation system consists of cast-in concrete spread and strip footings to support a system of wide flange
steel columns. The building is design as a composite steel floor system. Typically, 7 1/2” reinforced concrete slab
on 3” 20 gauge metal deck supports floor loads and transfer them to wide flange beams with shear stud
connection. Web openings in wide flange steel beams resolve the coordination issues with mechanical, electrical
and plumbing systems.

The lateral system is designed by structural steel braced frames. Due to architectural versatility, the layout of
braced frames is carefully determined. Hollow Structural Section (HSS) is used as braces with varying its thickness
according to the lateral loads.

Life Sciences Building was designed in accordance with the states codes, which is compliant to the International
Building Code 2006 Edition (IBC 2006) and American Society of Civil Engineering (ASCE) 7-05 for load provisions.
Due to the placement of a greenhouse in the roof, the structure was carefully considered in larger design loads.
The coordination of MEP systems and structure system was a challenge of the design
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SITE PLAN AND LOCATION PLAN

Photo Credit | Galaxy Glass & Aluminum, Inc

Figure 1 | Building Perspective from North
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Figure 2 | Buildings Site Plan
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DOCUMENTS REFERENCED

Codes and Standards

International Code Council
International Code Council 2006 Editions
International Building Code 2000 Edition

American Society of Civil Engineering
ASCE 7-05 - Minimum Design Loads of Buildings and Other Structures
ASCE 7-10 - Minimum Design Loads of Buildings and Other Structures

Vulcraft Deck Catalog
Construction Documents and Specifications of the Project

New York State Department of Transportation
NYSDOT - Standard Specification for Construction and Materials
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Equations

Kz = 2,01 (2/2 g)(2/a)

qz = 0.00256"kz*kzt*kd*V*2°*I
p = q*Gf*Cp - qi(GCpi)

Calcualting Kz and q2

Constants
Kzt
Kd

G (N-5)
G (E-W)
(GCpi)

0.85

1.15
80 ft

0.85

0.85

Floor Height above
ground (z) 2
Top of Parapet 85.00 1200.00 7.00 0.94 19.12 18.79
Top of 4th Floor 75.00 1200.00 7.00 091 18.45 18.79
ath Floor 61.00 1200.00 7.00 0.86 17.39 18.79
3rd Floor 46.33 1200.00 7.00 0.79 16.08 18.79
2nd Floor 31.67 1200.00 7.00 0.71 14.42 18.79
1st Floor 17.00 1200.00 7.00 0.60 12.07 18.79
|Lower A 0.00 1200.00 7.00 0.00 12.07 18.79
Cp, Roof | N-S Direction Constants
Oto 40 ft 40to 80 ft 80to 160 ft 160t0 190.5ft Kzt 1
0.9 0.9 0.5 0.3 Kd 0.85
90
Cp, Roof | E-W Direction | 1.15
0to 40 ft 401080 ft 80to 160t 1601to 252 ft h 80 ft
-0.9 0.9 0.5 0.3 G (N-S) 0.85
G (E-W) 0.85
(GCpi) 0.18

Wind Pressure - Roof | North - South Direction

Location Cp G
on Roof

Wind Pressure - Roof | East - West Direction

Location Cp G
on Roof

40 to BO ft 0.9
80 to 160 ft 0.5
160 to 252 ft 0.3

0.85
0.85
0.85

qh
(psf)
1515.37
1515.37
1515.37
1515.37

qh
(psf)

Pressure

1515.37 -

1515.37
1515.37
1515.37

-644.03

-386.42
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Wall | N-S Direction
, Windward 08
Leeward 0.5
L 190.5 ft
B 252 f
L/B 0756
Kzt 1
Kd 085
90
| 115
h 80 ft
(N-S) 085
(E-W) 085
(GCpi) 0.18

Height qh Windward Leeward Tributary Tributary Force Story Overturning
above Ground, z (ft) (psf) (psf) (psf) Height (ft) Area (sq-ft) (k) Shear (k) Moment (ft-k)
Top of Parapet 85.00 1912 1879 16.39 -4.60 5.00 1260.00 26.45 2645
op of 4th Floor 75.00 1845 1879 1593 4.60 12.00 302400 62.09 88.54 4657.00)
4th Floor 61.00 1739 1879 15.21 -4.60 14,33 3612.00 71.57 16011 4365.73
3rd Floor 4633 1608 1879 14.32 -4.60 14.67 3696.00 6993 230,04 3240.11
2rd Floor 1167 1442 1809 1319 4.60 14.67 9600 65.77 29581 2082.61
1st Floor 17.00 1207 1879 1159 -4.60 15.83 3990.00 64.63 36043 109866/
Lower A 0.00 1207 189 1159 4.60 8.%0 214200 3469 39513 0.00)
1544411
Base Shear (k) 395.13
otal Overturning Moment (ft-k) 1544411
Wall | E-W Direction
Windward 08
p, Leeward 0436
252 1
B8 190.5 ft
/8 1.323
1
d 0.85
90
115
80 ft
(N-S) 085
(E-w) 085
GCpi) 0.18

Wind Pressure - Wall | East - West Direction

Floor Helght qz qh Windward Leeward Tributary Tributary Force Story Overturning
above Ground, z (ft) {paf) {psf) (psf) (psf) Height (ft) Area (sq-ft) (k) Shear (k) Moment (ft-k)
Top of Parapet 8500 19.12 1879 16.39 358 5.00 952.50 19.02 19.02
op of dth Floor 75.00 1845 1879 1593 -3.58 12.00 2728600 44.60 63.62 3345.19
4th Floor 61.00 17.39 18 15.21 -3.58 14,33 2730.5%0 S51.31 11493 3130.00|
3rd Floor 4633 1608 1879 14.32 -3.58 14.67 279400 5001 16494 2317.02
2nd Floor 3167 1442 18 13.19 3,58 1467 219400 4686 21180 1483.90
1st Floor 17.00 1207 1879 11.59 -3.58 1583 301625 45.77 25757 77811
Lower A 0.00 1207 189 11.%9 3,58 8.5 1619.25 2457 28214 0.00
11054.21
Base Shear 282.14 kips
‘otal Overturning Moment 11054.21 ft-kips
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SEISMIC LOADS
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Dead Partition Total Weight Floor Area Weights

Load (psf) Load (psf) {psf) {sq ft)

Penthouse Roof 48.71 0.00 48.71 31110.03 1515.3
4th Floor 108.00 20.00 128.00 19002.68 2432.34

|Greenhouse Floor 198.75 20.00 218.75 6777.45 1482.5
3rd Floor 108.00 20.00 128.00 33428.03 427879
2nd Floor 108.00 20.00 128.00 37249.15 4767.89
1st Floor 108.00 20.00 128.00 37249.15 4767.89
Total Weight  19244.85

Story Forces
Floor hi h w w*h Nk Cvx Story Forces
(ft) (ft) (kips) Fi (kips)
Penthouse Roof 10.00 85.00 1515.37  950990.11 0.19 349.44
4th Floor 14.00 75.00 2432.34 1273103.34 0,26 467.79
Greenhouse Floor 14.67 61.00 1482,57  575099.04 0.12 211.32
3rd Floor 14.67 46.33 4278.79 111395179 0.23 409.32
2nd Floor 14.67 31.67 4767.89 714825.02 0.15 262.66
1st Floor 17.00 17.00 4767.89 29005294 0.06 106.58
Total 1924485 4918022.24 Base Shear 1807.10)
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