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CAMPUS SQUARE BUILDING

HARRISBURG, PA

PROJECT INFORMATION AND ARCHITECTURAL FEATURES
-75,000 SF Mixep Use SPACE- ReTAIL/ OFFICE/EDUCATIONAL
-CONSTRUCTION DATES (CORE & SHELL): JUNE 2008 — AuGusT 2009
-4 STORIES ABOVE GRADE, MECHANICAL BASEMENT SPACE
-Cosrt: $9,000,000

-DELIVERY METHOD: DESIGN/BUILD

-LEED GoLDb CERTIFICATION (LEED-CS v2.0)

MECHANICAL

-46 WELL - CLOSED LOOP GEOTHERMAL SYSTEM

-EACH WELL WAS DRILLED TO 450 FEET DEEP TO ACHIEVE THE
COOLING/HEATING LOAD FOR THE BUILDING

-FULLY FLEXIBLE WATER SOURCE HEAT PUMP SYSTEM WITH WIRELESS
AUTOMATIC TEMPERATURE CONTROLS AND ENERGY RECOVERY
-CENTRALIZED GAS FIRED WATER HEATER IN BASEMENT

-LOW FLOW WATER CLOSETS AND FAUCETS WITH AUTOMATIC SENSORS
- WATERLESS URINALS (UP TO 40,000 GALLONS REDUCED ANNUALLY)

OWNER: GREENWORKS DEVELOPMENT

ARCHITECT: GANFLEC ARCHITECTS & ENGINEERS

CIvIL: KAIROS DESIGN GROUP AND EDWARD G. BLACK & ASsOC.
STRUCTURAL: GANNETT FLEMING

MECHANICAL: MCCLURE COMPANY

ELECTRICAL: G.R. SPONAUGLE

PLUMBING: ENGINUITY LLC

CM: WOHLSEN CONSTRUCTION COMPANY

STRUCTURAL

-STEEL MOMENT RESISTING FRAME WITH COMPOSITE
BEAM AND DECK FLOOR SYSTEM

-RED BRICK FACADE WITH METAL STUD BACK-UP
AND ALUMINUM FRAME STOREFRONT

-5 4000 PS| CONCRETE SLAB-ON-GRADE WITH
THICKENED SPREAD FOOTINGS SUPPORTING

PIER SYSTEM

ELECTRICAL

-INTEGRATED BUILDING MANAGEMENT SYSTEM
-47 KW PHOTOVOLTAIC SOLAR SYSTEM

-THREE INVERTORS ON THE ROOF AND BASEMENT,
-SIX BATTERIES IN BASEMENT AS BACKUP POWER
-WIRELESS THERMOSTATS AT HEAT PUMPS,
REDUCING WIRING AND FIELD WASTE

ANDREW R. MARTIN

CONSTRUCTION MANAGEMENT

HTTRP://WWW .ENGR.PSU.EDU/AE/THESIS/PORTFOLIOS/2010/ARMS5056/INDEX.HTML
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Executive Summary

This senior thesis report provides background information for the Campus Square building, along with
in-depth research and analyses of the construction and technical aspects of the project.

As part of the critical industry research in this thesis, applicable exterior wall systems were researched
as potential additions to Campus Square as a means to make the building more sustainable and energy
efficient. The results of the research concluded with many thermally advantageous wall systems and
materials which could be applied to Campus Square; as well as constructability issues which must be
overcome to ensure the system’s success. However, the physical location of the building negated the
performance of these technologies due to the lack of solar availability because of the orientation of the
structure. Fortunately, the benefits of prefabrication, and EIFS technologies were applied to the
following analysis portions of this report.

To further analyze incorporating a prefabricated exterior wall system, this second analysis applied the
lessons learned in the critical industry research about wall systems to Campus Square. Cost analysis
performed showed that a prefabricated wall system would have an increased initial cost of $430,500
more than the wall system used for the project. However, the construction schedule was reduced by 9-
weeks. This shorter construction schedule allows for tenants to move into the building, and for
GreenWorks to begin profiting off of the leased space.

The third analysis of this thesis focused on the thermal efficiency of a prefabricated wall system,
compared to the as-built method, as well as the curtain wall system. This was performed using heat loss
calculations to compare the thermal losses during peak design temperatures. The data proved that a
well constructed prefabricated system would reduce the overall thermal loss and gains throughout the
year. The savings in operational costs due to the increased thermal efficiency of the building envelope
would further mitigate the initial price increase of the wall assembly.

The fourth and final analysis of this thesis report included a structural redesign of the connections
required to fasten the prefabricated panels to the superstructure. Through the use of QuickClips™, a
product developed by Dietrich Metal Framing, a simple solution was discovered. The clops allow for a
simple, yet durable structural connection. Furthermore, the clips could be welded to the steel studs of
the prefabricated walls prior to their delivery on-site. This reduces the amount of on-site time which
would be spent connecting the panels to the superstructure.
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Project Information

The Campus Square Building is a four story, mixed-use building located in Harrisburg, Pennsylvania.
Construction on the core and shell was completed August 2009, and tenant fit-outs began November
2009. The 75,000 square foot building received a LEED® Gold certification for the core and shell, as it
hosts a closed loop geothermal system, a photovoltaic solar system on the roof, as well as many other
sustainable features.

Project costs associated with the completion of the core and shell was approximately $9 million with a
GMP contract between Wohlsen Construction Company and GreenWorks Development. The project
delivery method used was design/build.
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Project Summary Schedule

Sitework & Foundations

The Campus Square site is located on an existing gas station, and required tank removal and soil
remediation before excavation began. Once the demolition of gas station and soil remediation were
complete, sitework could begin for the new construction. Additionally, the building utilizes a geothermal
mechanical system which required well drilling before footer excavation could take place in order to find
optimum well placement. Concrete piers were poured in the same area as the geothermal well field,
taking special consideration as to not disturb the geothermal wells. Foundations for the superstructure
were poured in between the two well fields on either side of the mechanical basement space.
Throughout construction, site utilization was very important in considering sequencing due to confined
sight limitations, as well as existing utility interference

Superstructure

Structural steel began once underground MEP work was completed. Because the building is only 4-
stories in height, a mobile crane was used in order to efficiently place the columns and beams. A 150 ton
hydraulic crane was strategically placed on the south side of the site in order to hoist material deliveries
efficiently, without disrupting workflow. Installation of the composite deck began once all overhead
steel work was completed. Concrete for the slab-on-grade and metal decking would be poured once all
steelwork was inspected. Enclosure work, including roof installation, exterior framing, masonry, curtain
wall and windows required additional sequencing consideration due to existing power lines running
along one of the sides of the building. Coordination between the General Contractor and the power
company was required to sequence powering off the lines while work was being performed near them.

Finishes

Due to economic conditions, tenants were not established for the building until the core and shell
portion of the project was nearly turned over to the owner. Therefore, finishes within the building did
not require as long of a duration due to the open floor plan. However, a “parade-of-trades” was utilized
in completing the interior work for each floor. Additionally, throughout the construction process, special
documentation and coordination was needed in the LEED certification process.

Please view the project schedule summary on the next page.
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I |Task Name | Duration Start Finish 2007 guus 0D 201 1)
He H1 | | He H1 | Hz H1
1 |Pre-Construztion 213 days Mon 8/4/07  Wed 3/26/08 : 6/4 = Pre-Cunshuctmn : :
2 |Demolition & Tank Remaoval 10days  Mon 101/07  Fri10M1207 104 g Demolition & Tank Removal
3 |Bidding/ Finalize GMP 20days  Mon 310/08 Fri 4/4/08 3.-1!1 @ Bidding’ Finalize GMP
4 |Motice to Procead U days Fri 4/18/08 Fri 4/18/08 4/18 ¢ Motice toProceed ©
5  |Procuremem Bodays  Mond/21/08  Fri 11/14/08 L AR se—— Pr?curement
&  [Mchilization 3days  Mon51908 Weds21/08 519 T Mebilization :
7 |Site Excavation 25days  Thus22'08 Wed 6/25/08 22 g Site Excavation
8  |Geothermal Well Crilling' Instal. I days Wedsi2B08  Wed7/9/08 528 @@ Geothermal Well Drilling/ Instal.
8 |FR/P Piars 10days Wed &/25/08  Tue 7/8/08 625 g F/AP Piers
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11 |Focters 10 days Thu 7Aoo Wed 7/2300 710 g Footers :
12 |Foundation Walls 10days  Thu7/10/08  Wed7/23/08 710 g Foundation Walls
|13 |MEP Rough Ins 10days  Thu7/24/08  Wed 8/6/08 7/24 @ MEP Rough Ins
14 |Structural Sieal 44 days| Thu&21/08 Tue 10/21/08 B2 o Structural Steel
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16 |Extericr Wall Framing 10days  Tue 10¢21/08  Mon 11/3/08 1021 @ Exterior Wall Framing
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23 |Interior Finishes 45 days Frizi2zing,  Thu 4/30/09 2.-‘2" @ Interior Finishes
24  |Testing & Balancing 10 days Frigf/n9,  Thu 5M14/09 5/1 g Testing & Balancng
Epunch List hems 20days  Fri529/09  Thu8/25/09 5/20 @@ Punch List hems
26 |Final Inspecion’ CO 2 days Fri 5/28/08 Man &'1/09 529 1 Final Inspeciiun-: co
27 |Core & Shel Turnover 0 days Mon &/1/09 Man &/1/09 &1 @ Core & Shell Turnowsr
Task e Rolled Up Task ) Bxdternal Tasks _—e
Campus Square Prograss —ssss== Rolled Up Miestone < Project Summary B
PI‘OjE!Ci 5LII‘I‘II'I'IEII"!|" Schedule Milzstone L3 Rolled Up Progress s Group By Summary ===
Summary PSSl Split v 110 Deadline fle
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Building Systems Summary

Structural Steel

Campus Square is a 4-story building, implementing a structural steel moment resisting frame, with a
composite beam and deck floor system and joist and deck system at the roof. A 150-ton hydraulic crane
was used to erect all of the structure steel for the building. Column size of the structure ranges from a
W12x210 at the first floor, to W12x40 at the roof level. Girder sizes range from W27x178 at the second
floor, to W18x40 at the roof. The building has typical W14x26 beams which support the decking system.

The solar arrays are mounted on a steel system which was integrated into the design of the building,
both structurally and electrically.

Cast-In-Place Concrete

Concrete piers and the foundation walls, as well as the composite slabs, were all poured onsite during
construction. The typical composite slabs are 6.5” thick concrete with fly ash admixture, reinforced by
6x6-w2.1xw2.1 wielded wire reinforcement. Each slab was poured on 2” composite floor decking.

The foundations of the building are comprised of structural concrete walls and piers. Each 2’'x2’ pier is
reinforced with #4 rebar, based on varying sized spread footings on grade. The concrete slab-on-grade
system varies in thickness from 5”-8” depending on the structural demands of loads on the space.

Mechanical System

A 46-well, closed loop hybrid geothermal system was installed to achieve the cooling and heating loads
for the building. Each well was drilled to a depth 450 feet, all located below the building, on either side
of the basement space. Each floor utilizes a hot and cold water loop which transfers heat though two
pumps housed in the basement. Each pump is controlled by variable frequency drives that pump the
water through the geothermal field. The fully flexible water source heat pump system has a wireless
thermostat system and energy recovery unit. The wireless controls on each pump communicate with an
overall building temperature control system. Thesis controls also communicate with the geothermal
pumps, the cooling tower, and energy recovery unit. The wireless thermostats installed assist in
reducing the amount of wiring required for the system, as well as decrease field waste.

A smaller, 150 USGMP supplemental cooling tower was installed to handle the peak cooling load in the
summer time. The geothermal capacity becomes less efficient on days that are 95 degrees Fahrenheit
or warmer. For the Harrisburg, Pennsylvania region, these peak temperatures make up approximately
1-5% of the annual cooling degree days (CDD).

Electrical System

A 208Y/120V utility service provides the main current for the building. A 3000 amp main distribution
panel provides power to the 600 amp house panel located in the mechanical room in the basement of
the building. Each floor hosts two 200 amp panel per floor, where each floor is independently metered
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in order to easily bill tenants for power consumption. Due to the urban location of the site,
transformers for the building were installed in an underground vault below the sidewalk. The vault had
stringent guidelines by the utility company with regards to access, ADA compliance and dimensions for
equipment.

A 47kW photovoltaic solar system was installed on the roof so assist in supplementing utility power
consumption. The system hosts a 220 solar panel array which provides power to an emergency power
battery backup system, eliminating the need for a generator. Six batteries, located in the basement
make-up the battery backup system. The solar panels distribute power to six inverters, three located on
the roof, three located in the basement. The building management system implemented in the building
reports status, energy usage, and will alarm when equipment fails on the solar array. A Johnson Controls
building management system was installed in the Campus Square building. This system is fully
integrated into all MEP systems in order to maintain efficiency of all the systems. The management
system also allows for educational uses, as the building’s utility consumption, and power savings will be
displayed within the building.

Building Envelope

Because of the project’s intent to achieve LEED Gold classification, the exterior enclosure is designed
using high performance materials in order to conserve energy, as well as being conscience about
environmental impact. The main entrance is highlighted by a 4-story, painted aluminum-framed curtain
wall system. The building utilizes high performance exterior masonry veneer systems, with well
insulated walls, foundations, and roof. Energy Star certified operable windows and storefront systems
with green tinted, Low E coated laminated glass are used throughout the exterior of the building.

Roofing consists of high performance, white TPO insulated membrane system where a photovoltaic
solar system is housed. The TPO system effectively reduces heating and cooling loads on the building, as
well as assisting in mitigating the heat island effect of the building’s footprint.
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Project Cost Evaluation

All cost information in this evaluation is approximated data obtained from Wohlsen Construction’s
budget for Campus Square

Actual Building Construction Cost
Total square footage of the project is 75,000 SF

$8,590,000.00

CC/SF $115.00
Construction costs do not include land costs, site work, permitting, etc.

]

Total Project Cost

$9,000,000.00
TC/SF $120.00

Building Systems Costs

$1,300,000.00

SSC/SF $17.33
$450,000.00

CIPC/SF $6.00

$1,300,000.00

MC/SF $17.33
$900,000.00

EC/SF $12.00
$300,000.00

SS/SF $4.00

$180,000.00
ELC/SF $2.40

$210,000.00
GGC/SF $2.80

(1 |
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Site Plan of Existing Conditions

Located in the heart of downtown Harrisburg, Pennsylvania, Campus Square’s site location resulted in
many constructability limitations and logistical challenges. Overcoming these issues and developing a
functioning logistical plan was critical to the projects’ success. Because the footprint of the building
extended to extents of the property line, there was little room for equipment, vehicles, materials, and
storage. Furthermore, public pedestrian and vehicular access needed to be maintained along Reily,
Susquehanna, and North 3™ Streets; creating an even more difficult problem in ensuring traffic flow, as
well as public safety around an active construction zone.

GreenWorks Development, the owner of Campus Square, as well as many surrounding properties in the
area, worked with Wohlsen in providing them additional space on nearby properties to be used as
dumpster storage, subcontractor parking, and material storage and lay-down space. During weekly
subcontractor coordination meetings, the logistical plan implemented by Wohlsen addressed where
each contractor would have temporary space within the site. Similarly, equipment was provided by
Wohlsen to transport materials, tools, and equipment from the off-site storage locations to the
temporary areas onsite. This strategy of moving materials from off-site locations to the Campus Square
site resulted in careful planning by both Wohlsen and their subcontractors in determining quantities of
materials needed each day.

Please view the site plan of existing conditions on the next page.
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Local Conditions

Preferred Methods of Construction

The area of downtown Harrisburg, Pennsylvania were the Campus Square building was constructed is in
the Old Uptown Municipal Historic District. Therefore, certain aesthetics of the building had to coincide
with the historic planning committee’s regulations on new construction. The surrounding buildings from
the site are older commercial and industrial buildings that have since been renovated for other uses. No
particular construction method or type can be observed in this area other than the vast use of exterior
brick masonry.

Availability for Construction Parking

Due to the urban location, and tight property lines, parking, staging, and movement onsite were always
a logistical problem. In order to allow for movement within the site, construction fences were pushed
out into the adjacent roads. However, public traffic was still able to pass through these areas.
Additionally, a temporary parking lot for contractor parking was built, as well as a material staging and
stockpiling area, two blocks away. Sever dumpsters were needed to coincide with the waste
management plan (wood, metal, drywall, clean fill and waste); these were stored in an empty lot
adjacent to the building. The off-site locations used during construction can be viewed in Figure 1 below.

Campus Square Site

Dumpster Storage
Contractor Parking Lot
=== Material Storage & Lay-down

Figure 1-Temporary Offsite Locations

Available Recycling and Tipping Fees

A waste management program was instituted for the project, as well as being a LEED requirement for
certification. In all 255 tons of waste materials were taken offsite, 76% of which were recycled. The
waste management program cost was estimated at approximately $14,000.00, compared to over
$21,000.00. In all, recycling efforts saved nearly $8,000.00 during construction.

Type of Soil/Subsurface Water Condition
Geotechnical reports of the site, performed by BL Companies Pennsylvania, Inc., show surficial layers of
asphalt, concrete and fill materials to various depths below grade. The surficial layers were underlain by
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native soils that primarily consisted of brown to dark-brown clayey silt with layers of brown, black, grey,
white, and tan sand and gravel. Weathered shale bedrock was encountered at depths ranging from
approximately 11.7 feet below grade, to greater than 20 feet below grade. Indications of wet to
saturated material representative of the water table were encountered at depths of approximately 6.5
feet to greater than 20 feet below grade. Many of boring samples concluded with levels of
contamination due to gasoline leaks from the existing service station tanks. Soil remediation was
required in order to decontaminate the site, as well as prevent future environmental impacts.
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Client Information

The owner of the Campus Square building is GreenWorks Development, LLC. Their mission is to work to
enhance the quality of life in the region by creating new communities in previously developed urban
areas. They believe there is extraordinary value in the restoration of our older, blighted communities,
rather than contributing to suburban sprawl by paving over our ever-shrinking open spaces.
GreenWorks Development focuses on renewal projects in the 6-County Central Pennsylvania region,
with activities currently underway in Harrisburg, Carlisle, and several other midstate communities and
townships.

GreenWorks Development has the experience and the expertise required to manage all of the
challenges of urban redevelopment. They work closely with state, county and municipal governments,
building and property owners, architects and others engaged in revitalization efforts to restore our
communities. “We stimulate investment; integrate the new with the old; and create opportunity.”

Integrated Community Renewal is important not only because it creates financial value, but also
because it boosts community value. GreenWorks Development is passionate about redeveloping urban
core and traditional towns, as these communities are thriving with opportunity and hope.

Midtown has long been one of Central Pennsylvania’s most unique neighborhoods. The area boasts a
diverse racial, ethnic, and socioeconomic fabric that is unmatched elsewhere in the region. While once
a thriving community of working class row houses, eclectic retail shops, and industrial activity, Midtown
has suffered from years of disinvestment and urban decline. This trend has begun to change. Today,
new investments bring the promise of a renewed vibrancy as a thriving retail and office corridor,
academic center, and expanding residential area.

The largest project is the Midtown Corporate and Academic Center Development. The project, which
began in 2006, proposes nothing short of transforming a 12 acre section of Midtown into a vibrant
economic engine for the region. The project is centered at the intersection of 38 Reily Streets
extending east to Fifth Street, West to Green Street, South to Verbeke Street, and North to Harris Street.
The project is a public/private partnership between GreenWorks Development, the City of Harrisburg,
and Harrisburg Area Community College (HACC). The targeted Midtown development site has been
designated a Governor’s Community Action Team priority location, and it is within the City’s Enterprise
Zone.

GreenWorks Development budgeted $15 million for the completion of Campus Square. Wohlsen
Construction Company delivered the core and shell portion of the project, and will soon begin
construction on a portion of the tenant fit-outs. Due to the speculative nature of the overall project, the
schedule, on the owner’s side, did not require any specific demands. Also, because the project was all
new construction, occupancy concerns were not an issue for the core and shell portion of the project.
Furthermore, once tenant fit-out begins, and the first tenants move in, continued construction will
result in occupancy concerns.
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As with any project, specifically projects urban in nature, there were numerous safety concerns because
of the active public sidewalks and street. GreenWorks Development expressed how the Wohlsen
Construction Company did an excellent job managing the site to lower any concerns regarding safety.

It was important to the owner to maintain a high level of budget and quality control; and consequently,
were both achieved to satisfaction. Furthermore GreenWorks Development felt it was very important to
the overall success of the project that it be awarded with, at a minimum, a LEED Silver certification. Not
only was the goal met, but extra efforts contributed to the structure being awarded a LEED Gold rating.
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Project Delivery System

Owner
GreenWorks
Developement, LLC

T

Architect
Ganflec Architects &
Engineers, Inc.

Civil/Site Design

Kairos Design Group,

LLC and Edward G.
Black & Assoc.

Structural Engineer
Gannett Fleming, Inc.

CM & Design/Build MEP|

Commissioning Agent
Foreman Group
(Tom McCune)

Solar
Design/Equipment
groSolar

L . =] Wohlsen Construction L, .
Company
Mechanical Electrical Contractor
Contractor

McClure Company | T
(Shane Homan)

G.R. Sponaugle, Inc.
(Scott Carabini)

Plumbing Contractor
Enginuity, LLC -
(Jeremy Roush)

Sprinkler Contractor
Fritz Fire Protection
Co,, Inc.

(Jon Fritz)

Cost + Fee

Finishes

GEM Wall & Ceiling
CB Flooring, LLC

LaPorte Painting, Inc.

Steel Contractor
Woolf Steel, Inc.

Concrete Contractor
Wohlsen

Construction
Company

Figure 2 — Project Organization Chart

The project delivery method for the Campus Square project was design/build, with Wohlsen
Construction Company as the construction manager at risk. A GMP contract was developed with
GreenWorks development, and Wohlsen assisted mainly with the MEP design/build portion of the
project. This contract type was chosen because of the ability to expedite the construction process, as
well as maintain a higher level of cost control.

Communication Line / No Contract

A GMP contract between GreenWorks and Wohlsen was the best solution to delivering a successful
project because it allowed for a shorter design period before construction could begin. Furthermore,
Wohlsen was able to start procuring subcontractors and initializing contracts while the design for later
phases of the project were still being finalized. Similarly, a GMP contract also enabled Wohlsen to
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initiate and purchase long LEED items such as steel and transformers, which would assist in avoiding
schedule growth and cost escalation.

Wohlsen awarded subcontract contracts mostly through a lowest-bidder process. However, in some
instances, Wohlsen was not always confident in some of the low-bid subcontractor’s performance
capabilities to perform the work to the owner’s standards and expectations. Each contract was a lump
sum contract type. Payment and performance bond were required for all design/build contractors, as
well as contracts over $500,000. The low-bid contracts Wohlsen had with their subcontractors assisted
in keeping overall costs down, as well as helped deliver the project to the owner with the best possible
value.
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Critical Industry Research
Exterior Wall Systems and Building Envelope Study

Background Information

Energy efficiency in buildings has become a very important facet in the construction industry, not only as
a means of sustainability, but also as an important way of reducing energy consumption and costs. With
rising energy costs, it is critical to deliver a well designed and constructed building. A building’s envelope
is a critical aspect of energy efficiency and sustainability, as thermal losses though the exterior of a
building can be very costly, and make for an uncomfortable space to work and live in. GreenWorks
Development incorporated a more efficient exterior wall assembly as a means to mitigate thermal loss,
as well as sustainability implications. Although the system used was more expensive than a standard
masonry veneer assembly, the owner was willing to pay more upfront, with the thought of savings in
operational costs attributing to a faster payback period.

Goals

The goal of this analysis is to research emerging technologies and trends associated with building
envelopes, specifically exterior wall assemblies, as well as the constructability impacts associated with
these technologies.

Methods

= Conduct literature reviews and professional articles associated with building envelope
technologies

= Research systems which have proven to be thermally efficient

= Analyze systems which could be implemented on Campus Square

= Understand constructability constraints of different exterior wall systems

= Develop conclusions about the importance and impacts of efficient exterior wall systems

Resources

=  Professional journals and articles on the topics of building envelopes
=  Whole Building Design Guide (www.wbdg.org)
= ToolBase Services (www.toolbase.org)

=  Wohlsen Construction

Expected Outcome

Through this analysis, | hope to become more familiar with the importance of high performance exterior
wall systems, as well as emerging trends and technologies on this topic. Also, it will be important to
realize constructability issues of implementing difference systems onto Campus Square. Furthermore, |
hope to discover potential systems which may be applied to Campus Square in order to propose an
alternative system which would make the building an even more efficient and sustainable structure.
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General Considerations for Exterior Wall Systems

Perhaps the most important aspects which can affect an envelope system are the impact of air and
moisture through the assembly. Understanding how material selection, design, and construction relate
to the long-term durability and performance of a building enclosure is paramount. Moisture travels from
high temperatures to lower temperatures, from a higher pressure to a lower pressure, and from areas of
higher moisture content. However, these can be affected by interior and exterior air pressure
differences, moisture loads, and material vapor pressure differences. The location, source, and
prevention of air and moisture through an assembly must be realized during the design and construction
process in order to properly deliver a durable building.

An effective building enclosure should also include a continuous and defined air barrier that is rigid
enough to survive wind loading and air pressures across it, durable enough to remain intact throughout
construction, and installed in such a way that it is continuous between building elements. In a mixed-
humid climate, a wall assembly should not incorporate an air barrier material that also has vapor
retarder properties. Depending on where the air barrier is placed in the assembly it has the potential to
hamper drying to the interior in warmer months and to the exterior in colder months. In other climates
(cold, hot-humid) it is not desirable to have the air barrier material have vapor retarder properties if it is
to be placed on the cold side of the wall, since this can create a moisture problem during drying. Figure
3 below demonstrates potential air and moisture infiltration paths.
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Figure 3 —Air and Moisture Transfer Diagram
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A moisture problem generally occurs when the building element susceptible to damage (such as rot,
corrosion, and microbial growth) is exposed to air, and allowed to remain "wet" at a level that is above
its safe storage capacity for moisture for an extended period of time. This can occur when a building
element is exposed to direct and repeated rainwater penetration, or is otherwise inhibited in some way
from effectively "drying" due to improper design and/or construction. If left untreated, these materials
will then create a condition inside the wall assembly that is prone to mold development and other
moisture related damages. Many thermal and moisture problems can be prevented with proper
installation of a wall assembly. Joints, cracks, penetrations, and other areas on the wall surface where
air and moisture barriers are compromised must be properly sealed and designed for. These
problematic areas commonly occur around windows, doors, panel and wall joints, flashing locations,
MEP rough-in locations, and termination points.

Campus Square’s Exterior Wall System

Campus Square implemented a cavity wall as the primary exterior wall system throughout all faces of
the building. This common exterior wall type and method of construction is fairly popular in many
regions of the United States. This is due to the redundancy of this type of wall assembly to resist
rainwater infiltration, as well as its routine construction sequence. The cavity wall system used for
Campus Square relies upon a concealed air space and drainage plane to effectively resist moisture
penetration, as well as improve upon the thermal performance of the building enclosure where the
cavity acts as an insulator. Figure 4 below demonstrates a typical cavity wall assembly.
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Cavity walls, such as the one used for Campus Square include an exterior cladding element; in this case a
brick veneer, to act as the main defense against the majority of outside weather conditions penetrating
through the wall. A drainage and air space backs the brick veneer, which is designed to collect, control
and drain moisture penetration which passes through the exterior cladding. This space is passively
ventilated in order to prevent moisture from traveling into “dry” sections o the wall assembly through
penetrations. Furthermore, the cavity space is backed by a Tyvek® drainage plane which serves as a
barrier within the wall assembly between “wet” and “dry” sections of the wall. This material prevents
condensation and mold growth within the dry space of the assembly. It is important that this layer have
well sealed areas where penetrations occur in order to reduce moisture penetration. Finally, the
insulating layer, which is located behind the DensGlass® sheathing, protects against thermal infiltration
between the inside and outside temperature gradient. Figure 5 on the following page depicts the cavity
wall assembly installed on Campus Square. Exterior insulation (outside of the sheathing) was not
implemented on Campus Square, and may have resulted in better thermal properties through the
assembly. Instead, batting insulation was placed between the metal studs.
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Figure 5 —Campus Square Exterior Wall Assembly

Cavity Wall Constructability Concerns

Cavity walls offer an array of aesthetic designs, material selections, as well as versatile construction
methods and tolerances for various building types. The different assembly options for cavity walls can
produce effective thermal and moisture barriers; however construction methods of this wall type can
severely reduce the efficiency of the system, resulting in costly deficiencies. It is also important to
understand that improperly designed/ constructed cavity wall systems can be costly to properly repair
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after construction is complete. Throughout installation of the cavity wall system, it is important to
maintain an effective envelope quality assurance program in order to ensure each wall element is
properly designed for, and installed to specification standards. Similarly, it is critical that joints and
penetrations along the wall face be properly sealed to prevent additional thermal and moisture leaks.
Because this is true, flashing locations along the exterior wall must be installed carefully.

If moisture is able to leak into the “dry” space of the building, it can result in corrosion of steel elements,
as well as mold growth, which may remain undetected before the issue become evident. Repairing these
deficiencies can result in negative aesthetic impacts, as well as interfering with the use of the space.
Similarly, pressure-equalized, "rain screen" cavity wall systems, place the primary drainage plane, and
principal air barrier in the same plane between the wet and dry zones of the wall assembly. Rain screens
diminish the forces attempting to drive moisture into the wall. There are two types of rain screens:
simple rain screens and pressure-equalized rain screens (PER). Examples include brick veneer cavity
walls, furred-out clapboard walls, and drainable EIFS.

However, the principal advantages of the rain screen system, which is to prevent a negative air pressure
differential from occurring across the exterior wall assembly (a condition that can "draw" rainwater
through the enclosure and into the building), can also be extremely difficult to effectively achieve in the
field. This constructability issue can be attributed to the complicated detailing required at penetrations
through the air barrier and drainage plane; including the attention to detail and workmanship needed to
correctly seal the penetrations to prevent undesired inward airflow through the assembly.

Alternative Exterior Wall Systems

Barrier Wall

Another commonly used exterior wall system is the barrier wall, which implements a weather-tight
outermost exterior wall surface and construction joints to resist moisture and thermal infiltration. A
barrier wall system, if effectively installed, can improve upon the thermal performance of the building.
Due to the reduced amount of penetrations through the air and moisture barrier, thermal bridging is
mitigated. This wall type is commonly associated with precast concrete spandrel panels, certain types of
composite and solid metal plate exterior cladding systems, and early generation exterior insulation and
finish systems (EIFS). Barrier walls are often considered a more cost-effective and preferable alternative
to cavity and mass wall assemblies. Figure 6 on the following page compares a cavity wall system with a
barrier wall assembly.
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Figure 6 —Left: Barrier Wall Diagram; Right: Cavity Wall Diagram

Barrier Wall Constructability Concerns

Barrier wall systems only offer a single line of defense against moisture penetration due to the lack of
cavity/drainage space. Also, they require more sophisticated design and constructability efforts,
including workmanship in the field. Furthermore, barrier walls require a high degree of maintenance in
order to keep the design performance of the assembly. Because this is true, any defect in design,
installation, or workmanship can result in immediate moisture and thermal penetrations through the
wall. In order to reduce the amount of field installation and construction, barrier walls offer the ability
for prefabrication. The controlled environment of the prefabrication manufacturing process assists in
reducing constructability issues such as moisture and thermal leaks through seam and penetrations.
However, joints will still exist where each panel is connected when installed on-site; thus, close
supervision and quality control is essential in ensuring construction is performed to design
specifications.

Exterior Insulation and Finish Systems (EIFS)

A potential finish material which could be applied to Campus Square is EIFS. The EIFS systems can be
implemented in both drainable or barrier systems, accomplishing a traditional masonry brick exterior.
Because Campus Square is aesthetically confined to the historical design requirements of the area, not
all wall systems will be applicable as a potential substitution. Although EIF systems can be more costly
when compared to a traditional masonry fagade, if installed properly, can provide improved thermal
properties and efficiency.
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EIFS is available in two basic types: a barrier wall system or a wall drainage system. Barrier EIFS wall
systems rely primarily on the base coat portion of the exterior skin to resist water penetration.
Therefore, all other components of the exterior wall must either be barrier type systems or be properly
sealed and flashed to prevent water from migrating behind the EIFS and into the underlying walls or
interiors. Wall drainage EIFS systems are similar to cavity walls; they are installed over a weather barrier
behind the insulation that acts as a secondary drainage plane. The weather barrier must be properly
flashed and coordinated with all other portions of the exterior wall to prevent water from migrating into
the underlying walls or interiors.

EIFS Constructability Concerns

As with other barrier and cavity wall systems, failure to correctly install joint sealants around
penetrations through the wall and wall seams can severely reduce the advantage of an EIFS system.
Proper flashing at the wall/roof termination point, as well as around windows is essential during
construction. Also, because EIFS is not as durable as masonry or metal cladding systemes, it is more prone
to damage. Because this is true, damage from ropes, cables, impact damage, etc. must be corrected
immediately to prevent further thermal and moisture damage to the integrity of the assembly.

Precast Concrete Spandrel Panels

Wohlsen Construction performed nearly all the concrete work for Campus Square. This helped reduce
costs in paying for installation fees from subcontractors. However, precast concrete panels may reduce
construction duration, accelerating the building envelope construction time. Precast concrete wall
systems allow a wide variety of colors, finishes and architectural shapes. Precast concrete can be used in
environments that allow the use of conventional cast-in-place concrete, which benefits Wohlsen’s self-
perform concrete advantage. In addition, precast concrete may be made in a controlled environment,
improving quality, and erected in an environment that would not allow site casting of concrete.
Applicable precast concrete panel types for Campus Square include cladding or curtain walls, load-
bearing wall units, and shear wall.

Precast cladding or curtain walls are the most common use of precast concrete for building envelopes.
These types of precast concrete panels do not transfer vertical loads but simply enclose the space. They
are only designed to resist wind, seismic forces generated by their own weight, and forces required to
transfer the weight of the panel to the support. Common cladding units include wall panels, window
wall units, spandrels, mullions, and column covers. These units can usually be removed individually if
necessary.

Load-bearing wall units resist and transfer loads from other elements and cannot be removed without
affecting the strength or stability of the building. Typical load-bearing wall units include solid wall
panels, and window wall and spandrel panels.
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Precast concrete shear wall panels are used to provide lateral load resisting system when combined with
diaphragm action of the floor construction. The effectiveness of precast shear walls is largely dependent
upon the panel-to-panel connections. Panel-to-panel connections, as well as construction joints, as with
the previously mentioned systems, must be designed considering structural, thermal, and panel
movement.

Mass Wall Systems

Different from cavity wall systems, where the wall assembly hosts a wall cavity and through-wall flashing
to collect moisture to the building exterior, mass walls incorporate a combination of wall thickness,
storage capacity, and bonds between masonry units and mortar to resist thermal and moisture
penetration. These systems are usually more expensive, and therefore, less common in application
because of material and installation costs. Furthermore, moisture penetration through mass walls
systems is more difficult to track and repair due to the nature of the assembly. Evaporative drying across
this type of wall assembly can result in efflorescence, deterioration of interior cement finishes, and
organic growth on the interior and/or exterior wall surfaces. These problematic features not only
degrade the aesthetic appeal of the wall, but also can lead to severe moisture damage if not remedied.

Rain protection of mass walls, and understanding the rate the wall will get wet, the amount of moisture
it is capable of storing, and the drying rate become important design considerations, as exceeding the
safe storage capacity for long periods of time may create long term moisture problems for the
surrounding materials that might come in contact with the mass wall. Cavity walls operate similar to
barrier walls in that they rely on the materials used to resist moisture and water penetration. However,
unlike barrier systems, they tend to be more prone to infiltration due to the amount of absorption that
occurs through the porous mortar and masonry units. Figure 7 below demonstrates moisture
infiltration, as bulk rainwater penetrates through the mass wall assembly.
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Figure 7- Mass Wall Moisture Penetration
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Mass Wall Constructability Impacts

The installation of the brick veneer system of Campus Square consumed approximately eight weeks
before it was complete. The incorporation of a mass wall system using masonry block would probably
result in an even longer installation duration. Because this is true, implementing a mass wall would not
be a practical substitution to the as-built assembly. Furthermore, due to the amount of on-site
construction this wall takes, it can be assumed that a lesser quality of construction may occur. This
degradation may result in a poorer performing envelope, resulting in higher operational costs.

Emerging Issues- Hybrid Exterior Wall Systems and Emerging Technologies

In recent years, technological advancements in the design and manufacture of building enclosure
materials, components and systems, together with an increasingly refined understanding of
air/moisture transfer and the behavior of wind-driven rain on the building enclosure have lead to the
development of several hybrid and sustainable exterior wall systems. The following wall systems could
act as possible additions to Campus Square, in an effort to further enhance the sustainable features and
efficiency of the building.

Hybrid wall systems typically include design features and individual building elements that are intended
to improve or enhance the long-term durability and performance of the building enclosure, and are
often adapted in response to issues and concerns that are unique to a particular geographic area and/or
climatic region in which a building or structure is to be designed and built. Many of these hybrid systems
have varying short and long-term costs, maintenance burdens, durability, and modified performance
areas of the building enclosure.

Trombe Walls

A trombe wall system is made of dark-colored masonry, stone, or concrete which have the ability to
absorb and store energy from the sun. The advantage of implementing this system is to reduce
mechanical heating and cooling costs throughout the year. Installed on a south facing wall, which
experiences the most sun exposure of any direction, the thermal massing element is fronted with
glazing which allows sunlight to pass through into the wall. Throughout the day, sun heats the south
face of the wall and warms it. The heat is released back into the interior occupied space when the sun is
no longer shining. Ideally, an appropriately-sized overhang is necessary to block out the high summer
sun when heat gain is unwanted, yet still allow the low winter sun to penetrate through the trombe
wall. As the sun heats the wall, causing heated air to rise in the air space, the heated air is directed into
the building through vents at the top of the wall, passively drawing cooler air into the vents at the base
of the wall to be heated in turn. At night, dampers close off the walls, preventing reverse thermo-
siphoning (cold air from the cavity falling and entering the building at night), while heat stored in the
mass walls is released throughout the space at this time. In summer, the walls are vented at night,
allowing for passive cooling. Thermal mass has a lower initial temperature than the surrounding air and
acts as a heat sink, therefore cooling the room. Figure 8 on the following page captures the basic idea
and application of a trombe wall system.
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Figure 8 -Trombe Wall Heating and Cooling Diagram

A trombe wall system could be implemented along the south face of the Campus Square building.
However, due to the tight property line to adjacent buildings, the effectiveness of this system would be
limited. Neighboring buildings may prevent too much shading onto Campus Square, preventing winter
solar radiation to actively penetrate the wall space. Therefore, additional solar studies would need to be
performed in order to justify the installation of a trombe wall system.

Dynamic Buffer Zone Systems

A Dynamic Buffer Zone (DBZ) performs the function of the air barrier in a building envelope, which
protects the exterior fagade from exposure to interior air moisture. The DBZ system creates conditions
in an existing or purpose built air space (DBZ cavity) located within an exterior wall that effectively
separates the interior and the outdoor environments. Conditions within the DBZ cavity that need to be
controlled are air pressure, moisture content, and temperature.

To effectively prevent exfiltration of humid interior air through the building envelope during cold
weather, the air pressure of the DBZ cavity is maintained slightly higher than the interior air pressure.
Theoretically, the cavity air pressure needs only to be nominally higher than that of the interior space to
prevent air leakage from the interior. During winter conditions, outdoor air will have a low moisture
content which makes it an ideal air supply for the DBZ cavity. The requirement for pressurization of the
DBZ cavity will ensure that interior humid air will not leak outwards into the building envelope. If any
leakage of air from the cavity to the outside occurs, the low moisture content of the DBZ air will
eliminate the threat of condensation within the building envelope.
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There are two possible modes of operating the DBZ system. The first option is known as a "balloon"
system where air is pumped into the cavity with no intentional exhaust air. That is, when the pressure
inside the cavity drops below a specified lower limit, fans are activated to pressurize the cavity to the
specified upper limit. The air inside the cavity will then leak out through the cracks of the exterior wall
and through any imperfections in the interior wall finish until the lower prescribed pressure limit is
reached, after which the process will repeat itself. The alternate mode is the exhaust system. This
system entails supplying a continuous flow of air into the cavity and intentionally exhausting air from it
so that the pressure within the cavity is maintained at a predetermined level. How and where the air is
exhausted is dependent on a number of factors that are largely determined by the particular building
involved.

The exhaust mode of operation allows for a great amount of versatility to the DBZ system. By controlling
the flow rate and the initial temperature of the DBZ air, the system can act as both an air barrier and as
a dynamic insulation system that can provide greater thermal efficiencies when compared to the same
envelope without airflow.

Additional advantages of the exhaust DBZ system are its ability to promote drying of the masonry
following rain penetration, to allow airborne contaminants to be contained in a space and controlled,
and to increase the temperature of interior finishes of the exterior wall by supplying warm DBZ air. This
will eliminate drafts associated with uninsulated walls and will increase thermal comfort.

In addition to walls and roofs, the DBZ system can also incorporate windows. Additional thermal
comfort and condensation control can be provided by increasing the interior surface temperature of
windows, allowing higher indoor humidities. This system can also eliminate the need for convection
units below windows that are used to mitigate cold drafts.

Outdoor air is an ideal source for the DBZ air because of its low moisture content during winter
conditions. Since winter outdoor air temperatures are much cooler in northern climates, some heat
must be added to the DBZ air before it is introduced into the cavity. Although the temperature of the
cavity air supplied is not important when dealing with the prevention of air exfiltration, it is important
from the perspective of thermal comfort, surface condensation, and operating costs.

Buildings which are humidified and pressurized often suffer from wall or roof cavity condensation due to
imperfect air sealing, higher indoor humidity and an air pressure difference. Air pressure differences
may occur from stack effect, fan pressurization or wind. Efforts to upgrade the air tightness of building
envelopes to prevent condensation have not been entirely successful. Furthermore, ventilation design
produces ever increasing indoor building pressure conditions. For these reasons an alternate technology
such as a DBZ system, which can control construction cavity condensation effectively, without the
necessity of perfect design or perfect construction is gaining understanding and market acceptance for
many types of buildings, including high and low-rise office buildings.
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Double-Skinned Fagades

A Double Skin Facade is a system consisting of two glass skins placed in such a way that air flows in the
intermediate cavity. The ventilation of the cavity can be natural, fan supported or mechanical. Apart
from the type of the ventilation inside the cavity, the origin and destination of the air can differ
depending mostly on climatic conditions, the use, the location, the occupational hours of the building
and the HVAC system implemented. The glass skins can be single or double glazing units with a distance
up to 6ft. Often, for protection and heat extraction reasons during the cooling period, solar shading
devices are placed inside the cavity.

The solar properties of the Double Skin Facade do not differ from the Single Skin Facade. However, due
to the additional skin, a thermal buffer zone is formed which reduces the heat losses and enables
passive solar gains. During the heating period, the preheated air can be introduced inside the building
providing natural ventilation with retained good indoor climate. On the other hand, during the summer
overheating problems were mentioned when the fagcade was poorly ventilated. Different configurations
can result in different ways of using the facade, proving the flexibility of the system to different climates
and locations.

Double Skin Fagades for office buildings were developed mostly in Europe in order to arrive at increased
transparency combining acceptable indoor environment with reduced energy use. The main
disadvantage of this system is that in countries with high solar gains the air temperatures inside the
cavity are increased during periods with warm weather, leading to overheating problems. The thermal
discomfort leads to higher energy consumption for cooling, in turn, leading to lesser energy efficiencies.
The Double Skin Facades are systems that highly depend on the outdoor conditions (solar radiation,
outdoor temperature, etc) since they allow the outside conditions to influence the indoor climate. Thus,
it is obvious that each Double Skin Facade has to be designed for a certain building location and facade
orientation otherwise the performance of the system will not be beneficial.

Different panes and shading devices result in different physical properties. The interior and exterior
openings can influence the type of flow and the air temperatures of the cavity. All together these
parameters determine the use of the Double Skin Fagade and the HVAC strategy that has to be followed
in order to succeed in improving the indoor environment and reducing the energy use. It is necessary for
the design approach to be overall considering the facade as an integrated part of the building and
detailed enough in order to determine all the parameters that will lead to a better performance. Figure
9 on the following page demonstrates the functionality of a double-skinned fagade system.
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Figure 9 —Double-Skinned Fagade System

As mentioned in the description of this system, a double-skinned fagade depends greatly on the existing
conditions of the building, as well as its location. The implementation of this system on Campus Square
could potentially be realized, however, further mechanical analysis, as well as solar studies would need
to be performed.

Conclusions and Recommendation

The incorporation of sustainability in Campus Square is evident in GreenWorks efforts to build a LEED®
Gold building. Additional sustainable systems could indeed be incorporated into Campus Square as
means to advance the building to a LEED® Platinum structure. The aforementioned exterior wall types
and envelope systems are a few potentially applicable methods which could be used to accomplish that
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feat. However, extensive analysis would need to be performed in determining the associated costs and
payback periods of each system. Although these systems may prove beneficial to the structure, the
limitations of the physical site location may impede upon application due to the dependence of thermal
efficiencies on non obstructed solar gains. In short, perhaps under a different site location, with more
exposure on the faces of the building, these systems may be more appropriate. However, the south face
of Campus Square is backed with more buildings, masking much of the wall from sun exposure. The
construction management depth analysis will focus more on a prefabricated wall system as a substitute
for the as-built methods.
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Construction Management Depth Analysis

Prefabricated Exterior Panels: Construction Sequence, Cost, and Schedule Impacts

Background Information

The exterior walls for Campus Square were constructed implementing a 4.5” masonry brick veneer with
metal stud backing. The exterior walls were all constructed on-site over the course of approximately 11
weeks, including the curtain wall systems. The exterior masonry veneer took longer to complete than
the original proposed duration of four weeks, which lengthened the overall duration of the project.

During preconstruction, Wohlsen Construction along with GreenWorks Development had initially
proposed implementing a pre-fabricated wall system in order to accelerate the schedule. However, this
idea was value engineered out early in the conceptualization of Campus Square due to the lack of tenant
interest at the time, and associated costs of prefabrication.

05/29/2009 08:17 am

Figure 10 —Installation of the Exterior Wall System

Goal

If GreenWorks Development was able to secure tenants for Campus Square early in the preconstruction
phase of the project, a prefabricated system could have been ideal in order to accelerate the schedule,
and begin leasing out the building. The goal of this analysis is to determine the construction schedule
and cost impacts of implementing a prefabricated exterior wall system on the Campus Square project.

Methods

=  Consult with manufacturers of prefabricated wall systems to determine appropriate systems
which may apply to Campus Square.
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=  Consult with Wohlsen Construction project manager for construction sequence considerations
and cost impacts, as well as feasibility of proposed system.

=  Determine cost impacts to General Conditions and building shell

= Determine construction sequence changes, and project duration changes

= Develop new construction schedule and costs analysis for the proposed prefabricated system

Resources

=  TEAM Panels International

=  KERR Interior Systems Ltd. & Composite Building Systems Inc.
=  Manitex Crane Guide

= Wohlsen Construction

=  Microsoft Project

= R.S. Means Cost Data

Expected Outcome

By implementing a prefabricated system for the fagade of the building, | expect an accelerated enclosure
duration once the superstructure is erected. Furthermore, the prefabricated system will allow for
interior work to commence sooner due to the envelope of the building being completed sooner.
However, this method will result in a higher CSF for the prefabricated wall assemblies, and will also
result in a crane needed onsite to erect the panels. Overall, the wall panels will have a higher direct cost
than the method implemented, however savings will occur in General Conditions costs, as well as
schedule duration.

Actual Construction Sequence

Construction of the exterior facade was conducted entirely onsite. The sequence implemented,
following the completion of the superstructure and cast-in-place concrete decks, was to essentially
install each material used in the exterior wall assembly by wall face. Lifts were used in installing framing,
sheathing and windows, which were followed with an adjustable scaffolding system during the brick
veneer installation. Figure 11 below depicts the exterior facade during construction.

05/08/200909:11 am
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Scaffolding was erected, beginning with the west elevation, continuing counter-clockwise around the
building. However, the east face of the building was left incomplete to allow for material access
locations until enough material was stockpiled to complete the interior of the building. The brick veneer
took approximately 8 weeks to complete, and the entire building shell was completed in approximately
3.5 months. A scaffolding sequence plan for the brick facade can be seen in the Figure 12 below. The
curtain wall system was completed a few weeks later in order to allow for additional material access
areas to the upper floors, after the east wall was completed.

s Scaffolding Placement Sequence

Location 1 (2 week duration)

I | ocation 2 (2.5 week duration)

F
\ l i I | ocation 3 (2.5 week duration)

I | ocation 4 (1 week duration)

Figure 12- Scaffolding Installation Sequence

A

e

L S -

Proposed Construction Sequence

For this analysis, interviews were conducted with TEAM Panels International and KERR Interior Systems
Ltd. & Composite Building Systems Inc. (prefabrication manufacturers), as well as Wohlsen
Construction, in order to formulate an appropriate construction sequence for the installation of the
prefabricated wall panels.

The completed wall panels will be brought to the material storage and lay-down space located off of
Susquehanna Street, south of the construction site. Once the superstructure is completed, and the slabs
on deck are set, installation of the wall panels can begin. The panels will be loaded onto flatbed trailers
at the storage locations, and then transported to the construction site in their appropriate sequence.
For logistical simplicity, the 150-ton hydraulic truck crane used for steel erection will be implemented
for the installation of the wall panels as well. The construction sequence used for the installation will be
similar to the method used during the actual steel erection of Campus Square; where the on-site
delivery rate of the panels will coincide with the daily installation rate for a crew. A crew can install
approximately six wall panels per day, which includes attaching each wall panel to the superstructure of
the building. Therefore, approximately four trailers will be required to make on-site deliveries of the

36| Page



Campus Square Building
Harrisburg, PA
Final Thesis Report
Andrew Martin | Construction Management | Advisor: Dr. Chris Magent

panels per work day. Additional time will be built into the schedule in order to allow for the multiple

crane deployment locations.

Installation of the panels will begin on the northwest corner of Campus Square, working
counterclockwise toward the northeast corner. Each wall will begin with the installation of the first floor
panels, completing each floor before moving to the next. The tight confines of the site, as well as
interference from existing overhead power lines, limit the ability of crane movement around the
perimeter of the site. Figures 13 and 14 depict the panel installation sequence. A small amount of the
exterior brick facade will need to be completed before the panels can be installed. This is due to the
slope of the site, specifically located along the north, south, and west walls. The brick fagcade will need to
be installed up to the base of the first floor base elevation marker; this work will be complete from
October 8 through November 4 (additional time is permitted due to the critical path of the project).

Panel Installation Sequence
I 1- NW Corner (4 Days)
2- SW Corner (4 Days)
I 3- SE Corner (3 Days)
I 4- NE Corner (4 Days)

I 5- East Wall: Construction
Entrances (1 Day)

Figure 13-Panel Installation Sequence

ID  |Task Name Duration | Qtr 4, 2008
Oct [ Nov
1 |Prefabricated Panels Installation 15 days v v
2 Sequence 1- NW Corner 4 days 10/22 T— Sequence 1- NW Corner
3 Crane Movement to Sequence 2 0.5 days i 10/27 g Crane Movement to Sequence 2
4 Sequence 2- SW Corner 4 days 10/28 @@ Sequence 2- SW Cotner
5 Crane Movement tO Sequence 3 05 days 10/31 [°] Crane Movement to Sequence 3
6 Sequence 3- SE Corner 3 days 11/3 @@ Sequence 3- SE Corner
7 Crane Movement to Sequence 4 0.5 days 1175 g Crane Movement to Sequence 4
8 Sequence 4- NE Corner 4 days 1116 GRS Sequence 4- NE Corner

Figure 14- Panel Installation Schedule
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The following figures highlight each of the prefabricated panels to be installed, as well as coinciding
sequence number. The red box indicates an area of Campus Square which will not be prefabricated, and
will require on-site construction. This particular location, as with any red boxed area in the following
figures, indicates construction entrances and/or areas of on-site construction unless otherwise noted.

The north wall will also require a unique installation sequence due to the presence of the three story
curtain wall system, as well as multiple construction entrance locations. The panels will be installed in
the sequence listed below in Figures 15, leaving an opening at the location of the curtain wall system on
all three floors. This opening will also act as another construction material access location for the upper
floors until the curtain wall system is installed after the completion of sequence 4. Once the curtain wall
system is complete, the building envelope will be essentially complete besides the access areas on the
east side. After sequence 4 is complete, interior work may begin.

Figure 15- North Elevation: Panel Sequences 1&4
Image provided by Wohlsen Construction

T W .
METAL QO

Figure 16-West Elevation: Panel Sequences 1 & 2
Image provided by Wohlsen Construction
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. L. # t

Figure 17- South Elevation: Panel Sequences 2 & 3
Image provided by Wohlsen Construction

Figure 18- East Elevation: Panel Sequences 3,4,&5

Image provided by Wohlsen Construction

Installation of the east elevation will require additional coordination during construction. This wall will
have construction entrances for materials along each floor. Panels ‘A’ through ‘D’ will not be installed in
the same instances as the other wall faces. Instead, these particular panels will be stored in the material
storage locations, and will be installed during sequence 5, once all appropriate interior materials have
been delivered within the building. The locations of these openings mimic the construction methods
used for Campus Square during the exterior fagade installation. This concept can be better observed in
Figure 19 on the following page.
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Figure 19-East Elevation Construction Entrance Locations

The 150-ton truck crane will be deployed in four locations during the installation of the panels; this is
due to the limited mobility the crane has within the confines of the site. The crane will be located at the
four corners of Campus Square based upon which sequence is currently being executed. Figure 20 below
depicts the placement of the cranes, as well as delivery points for the panels.

Crane and Trailer Locations
Campus Square Site

Trailer Storage

Crane Locations & Swing
Sequence 1

Sequence 2

Sequence 3&5

Sequence 4

On-Site Trailer Locations

Figure 20- Crane and Trailer Locations

Vehicular traffic will need to be limited along streets when a panel sequence is being conducted. The
most critical of the adjacent roads to Campus Square are Reily Street and 3™ Street due to their heavy
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traffic patterns. During Steel erection, it was possible to keep all directions of traffic active; however,
with the limited mobility once steel is erected, it will be necessary to close the sections of road the crane
is on. Fortunately, Reily Street will be able to remain open at all times because no crane is ever placed
on that road due to the existing overhead power lines limiting the crane swing.

Schedule Impact

The construction duration of the building shell will be substantially modified in order to compensate for
the prefabricated panels. Overall, the building’s shell construction duration will be shortened by
approximately 6 weeks. This reduction can be attributed to the lack of on-site exterior wall construction,
as well as earlier start times for related activities. Furthermore, the prefabricated panels will result in an
earlier start time for interior work to begin because the building envelope will be secured earlier than
the original construction duration. Figure 21 below compares the building shell phases of construction
for the original construction schedule with the proposed methods. Having the building secure, and
envelope complete, is perhaps the most important milestone change when compared to the original
schedule because it allows for interior work to begin which encompasses the majority of construction

time.
ID [Task Name Duration ‘ Start | Finish | Qtr 4, 2008 [Qtr 1. 2009 [||
Sep ] Oct | Nov ] Dec | Jan | Feb
1 |As-Built Building S hell 77days Wed10/15/08  Thu 1/2909 77 days @ . $
2 Pour Slabs on Deck Scays Wed10/15/08 Tue 10/21/08 15 days @ Pour Slabs on Deck .
3 Exterior Wall Framing 10 days Wed 10/22/08  Tue 11/4/08 ' 10days s Exterior Wall Framing
4 Exterior MEP Rough Ins 10 days Wed 10/22/08  Tue 11/4/08 10 days e Exterior MEP Rough Ins
5 CMU for stairs and elevator 10 days Wed 10/22/08  Tue 11/4/08 o 10days mmmmm CMU for stairs and elevator sha{l
6 Exterior Sheathing 10 days. Wed 11/5/02  Tue 11/18/08 . | 10days (s Exterior Sheathing
7 Elewvator Installation 20 days| Wed 11/5/08  Tue 12/2/08 I I 20 days ey Elevator Installallion
8 Dryvit Application Scays  Fri11/14/08 Thu 11/20/08 : : 5days @@ Dryvit Application :
9 Install Roof Sheathing/Shin 15 days Fri11/21/08  Thu 12/11/08 . H 15 days ey Install Roof Sheathing/Shingles
10 Exterior Brick 50 days Fri11/21/08  Thu 1/29/09 . . 50 days ey Excterior Brick
11 Install Windows 10 days  Men 12/22/08 Fri 1/2/09 . B 10days i Install Windows
ID  [Task Name Duration Start Finish | Aug 08 | Sep 08 | Cet 08
13 120 [ o7 3 [ 1017 [ 24 3 | 7 [14 ]2 2] 5 |12
1 |Proposed Bullding Shell 45 days Fri81/08| Thu10/:2/08 45 days @ =y
2 Exlerior MEP Rough Ins 10 days Frig'1/08  Thu 8/14/08 10 days = Exterior MEP Ruugh Ins '
3 Pour Slabs on Deck 5 days Frig/15/08/  Thu 8/21/08 : 5days ummam Pour Slabs on Deck
4 Install Rocf Sheathing/Shingles 15 days Fri 8/22/08|  Thu 9/11/08 15 days = Install Roof SheathlngShmgles
5 Pre-Fab. Panels Instal. 15 days Frig/22/08,  Thu 9/11/08 . 15days (s Pre-Fab. Panels Instal.
6 CMU for etairs and clevater shaft 10 days Fri g/22/08 Thu 9/4/08 10days (mmmamm CMU for stairs and elevator shaft
7 Elevator Instal. 20 days Frio's/08  Thu 10/2/08 . 20 days { ) Elevator Instal.
8 Curtain Wall Installation 5 days Frioi2/08  Thu 9/18/08 5days g Curtain Wall Installation

Figure 21- As-Built vs. Prefabrication Building Shell Schedule

Implementing the proposed construction sequence for the prefabricated wall panels will ideally reduce
the overall construction schedule by approximately 9 weeks. The shortened schedule reflects time saved
from the building shell phase, through the end of the project due to earlier activity start times when
compared to the original schedule. Modifications to the schedule can also be seen with the inclusion of
on-site masonry which will need to be performed before the first floor panels can begin. For the
complete project schedule, see Appendix A of this report.
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In comparing the reduction in preconstruction time with the original schedule, it is somewhat difficult to
convey how much time will truly be reduced. Campus Square was not mobilized until nearly a year after
preconstruction efforts began, mainly due to the owner’s decision to delay construction due to the lack
of tenant interest. Ideally, a preconstruction time of three to six months could have been achieved if
anchor tenants were secured early into the building’s conception and design. TEAM Panels suggested a
conservative manufacturing time of approximately eight to ten panels could be constructed each day,
following a design duration of a few weeks. Therefore, a reasonable preconstruction/procurement time
for the 76 panels needed would be approximately seven weeks, including design.
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Cost Impacts

The basis of implementation of the prefabricated wall panels would weigh entirely on an early tenant
interest, which would make the high upfront costs of prefabrication more financially feasible due to an
earlier payback duration.

The direct construction cost savings can be seen primarily in general conditions, specifically Wohlsen
staffing costs. Overall, a general conditions savings of $154,691 will be achieved due to the reduced
schedule duration. Figure 22 below compares the original general conditions with the proposed

schedule duration. The complete general conditions comparison table may be found in Appendix B of

this report.

Staffing $693,730
Administrative Facilities and Supplies $50,150
Safety $7,000
Cleanup $129,255
Jobsite Work Requirements $144,450
Permitting $66,686
Bonds and Insurance $105,488
Total General Conditions Cost $1,196,759
| Descripton | Cost |
Staffing $589,671
Administrative Facilities and Supplies $43,150
Safety $4,400
Cleanup $106,324
Jobsite Work Requirements $126,350
Permitting $66,686
Bonds and Insurance $105,488
Total General Conditions Cost $1,042,069

Figure 22- As-Built vs. Prefabrication General Conditions Costs

Substituting the as-built exterior walls for the prefabricated panels will result in a direct cost increase of
approximately $585,200. The increase in cost is due to high square foot costs associated with
manufacturing and installing the panels, as well as the requirement of a large crane on-site during
installation. Figure 23 on the following page compares the as-built exterior wall construction costs with
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the proposed panel system. Cost values were compiled with the assistance of Wohlsen Construction and
TEAM Panels.

Exterior Wall Assembly S 600,000
Pella® Windows S 80,000
TOTAL $ 680,000
SF COSTS $ 25.56
[ refabricatonCows ]
Unit Cost (SF) Installation Cost (SF) Cost
Prefabricated Panels S 37 S 10 S 1,250,200
Unit Cost (WK) Duration (WK) Cost
Truck Crane Costs S 5,000 3 S 15,000
Panel SF (Approx.) TOTAL $ 1,265,200.00
26600 SF COST S 47.56

Figure 23- As-Built vs. Prefabrication Construction Costs

Overall, the prefabricated exterior wall panels will result in a substantially higher square foot (SF) cost
for the building shell; however, the higher upfront costs would be mitigated by the overall strategy of a
faster construction schedule.

Conclusions and Recommendation

The proposed construction sequence has several distinct advantages over the actual construction
sequence implemented during the construction of the building shell of Campus Square. First, reducing
the project duration reduces Wohlsen Construction’s risk on the project, including risk of accidents and
construction delays. Furthermore, the construction method decreases the amount of craftsmen on-site
during active construction which reduces safety risk, as well as eliminates the need of exterior
scaffolding during the installation of the brick veneer. Second, the proposed sequence allows the
building shell to be completed approximately 6 weeks earlier, securing the exterior envelope, which
enables the interior work to begin earlier. Most importantly, the time saved during preconstruction, as
well as the earlier completion date, allows GreenWorks Development to begin leasing the spaces in
order to begin profiting from their investment.

Although the prefabrication does have many benefits in delivering a faster, more quality building, it does
come with problematic logistical and financial hurdles. The proposed construction sequence does
require a crane to remain on-site past the steel erection phase. Additionally, the crane must move
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multiple times during the panel installation, working around tight site confines, as well as overhead
power lines. These added mobility limitations increase the possibility of accidents, or other construction
related damages. Throughout the installation of the panels, a high degree of logistical and safety
planning must be implemented in order to ensure the safety of the public, as well as the construction

workers.

The most significant of the disadvantages related to the proposed methods, is the substantially higher
upfront cost for the prefabricated panels. The total cost addition for the prefabricated system will be
approximately $1,110,509, which is $430,509 higher than the original. This cost includes the general
conditions reduction, and reflects the time savings during construction. It is important to note that the
concept behind implementing the proposed methods would only occur if GreenWorks were able to
secure tenants early during conceptualization/preconstruction, and required an accelerated
construction schedule.

Prefabrication is an excellent strategy in order to reduce construction duration, and deliver a higher
quality building due to the ability to control construction environments during manufacturing. Although
the method does come with a higher price tag, as well as safety considerations due to the confines of
the site, prefabrication would be a successful and profitable alternative for GreenWorks to implement in
order to quickly construct and lease out Campus Square.
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Mechanical Breadth Analysis
Thermal Performance of Exterior Wall Systems

Background Information

Campus Square hosts a sizable curtain wall system along North 3™ Street which spans four stories, and is
about one third the square footage of that face of the building. Furthermore, the building implements a
brick facade and storefront system throughout the remaining faces of the building. Furthermore,
GreenWorks Development chose to install a high performance building envelope for Campus Square,
including energy efficient materials such as Energy Star® rated Pella® windows, low-e glazing, a white
TPO built up roof system, as well as a more quality exterior wall assembly. All of the aforementioned
sustainability efforts were port forth in order to establish a more energy efficient envelope, as well as
LEED® implications for the building’s gold certification.

As discussed in previous analysis sections, a proposed prefabricated exterior wall system would replace
the as-built wall assembly as the primary exterior wall envelope. The two wall systems differ in materials
used, as well as construction methods; where the proposed prefabricated system would be constructed
out of EIFS exterior insulation and simulated brick stucco, with doors and windows installed.

Early during preconstruction, GreenWorks and Wohlsen decided to eliminate on the of the curtain wall
systems from the east side of the building along 3™ Street. Although glazing benefits daylighting efforts
within the building space, it degrades thermal efficiency. Through this value engineering effort
approximately $20/SF was reduced in the facade price, additionally, savings may occur through thermal
savings in operating costs. Figure 24 below highlights the location of the eliminated curtain wall system.

Figure 24 — Additional Curtain Wall System Location
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Overall Goals

The goal of this analysis is to research, measure, and compare the thermal efficiency and moisture
infiltration of the different envelope systems, including the proposed prefabricated wall system
described in the structural breadth of this report. U-values will be obtained, and heat loss will be
calculated comparing the different enclosure systems. The heat loss data, ideally, will demonstrate the
thermal advantages of the proposed wall assembly over the as-built condition. Furthermore, a similar
comparison will be made of the choice by Wohlsen and GreenWorks to value engineer out a large
curtain wall system located on the east side of the building, similar to the one installed on the north
side. Conclusions obtained from the analysis will compare energy efficiencies of each assembly.

Methods

=  Perform literature review of submittals related to envelope materials

= Determine thermal ratings of all materials and assemblies used in envelope systems through the
use of the Heat, Air and Moisture Building Science Toolbox software

= Perform take-offs of measurements of materials

= Analyze thermal efficiency and heat loss of wall assemblies and glazing

= Compare systems, and determine any energy efficiency benefits of prefabricated systems versus
those constructed onsite based on performance.

Resources

= Heat, Air and Moisture Building Science Toolbox

=  Mechanical and Electrical Equipment for Buildings (Textbook by Benjamin Stein)
=  Submittal Log for Campus Square (Division 8- Doors and Windows)

=  Wohlsen Construction Company (Project Manager for Campus Square)

Expected Outcome

Although the proposed prefabricated system will result in a higher upfront cost due to manufacturing
and installation as indicated in other sections of this report, the added thermal efficiency should assist in
reducing operational costs in heating and cooling. Due to the controlled environment of the proposed
system’s construction, a higher level of quality can be achieved. However, the higher thermal efficiency
will be proportional to the increased CSF. The improved exterior wall assembly will reduce thermal
penetration into the space of the building, reducing the amount of heating and cooling load the building
will experience throughout its lifecycle.

The high efficiency masonry assembly used on Campus Square will prove to be above standard, and the
decision of the project team to VE out an additional curtain wall system along Reily Street will prove to
be beneficial in thermal savings. Although the curtain wall system is aesthetically pleasing and allows for
increased daylighting, the system will prove to be thermally inefficient and less sustainable.
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Heat Loss Analysis

Calculation of design heat loss is an estimation of the worst likely hourly heat flow from a building to the
surrounding environment. This value is used to size heating and cooling systems; the greater the design
heat loss, the larger the required heating system capacity. Design heat loss is not the highest heat loss
that may occur, rather it is a reasonable maximum heat loss based upon design outside air
temperatures. For this analysis, heat loss data will be used to compare the above grade, exterior wall
systems of Campus Square, with the proposed prefabricated panels.

In order to determine heat loss through each wall assembly, the resistance (R-Value) of each material in
the assembly must be identified. Resistance indicates how effective any material is an insulator. The R-
Value is measured in hours needed for 1 BTU to flow through 1 ft? of a given thickness of material when
the temperature difference is 1°F.

The U-Factor expresses the steady-state rate at which heat flows through architectural envelope
assemblies. U-Factor is the overall coefficient of thermal transmittance expressed in terms of
BTU/hft?°F. U-Factors are calculated for a particular assembly by determining the resistance (R-Value) of
each material, then adding these resistances to obtain a total resistance. However, it is important to
realize that each material’s U-Factor within the assembly is proportional to the overall square footage of
the envelope system. Therefore, the U-Factor is the reciprocal of the sum of R-Values:

U=1/3R

Compared to other elements of the building envelope, wall U-Factors are fairly straightforward. There
are minimal complications associated with computation such as ground contact, crawl spaces, or attic
spaces. However, one of the largest impacts on wall analysis is incorporating thermal bridging; where
framing interrupts insulation. Therefore, an averaged insulated value and uninsulated value must be
obtained. This concept also applies to determining average values for wall penetrations such as windows
and doors; compiling such values into an area-weighted resistance and U-Factor of the wall assembly.

The design sensible heat loss through all types of above-ground elements of the building envelope can
be calculated as follows:

g=(U)(A)(At) for each element

U= U-factor for a given envelope component
A= Surface area of the envelope component
At = the design temperature difference between inside and outside air
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Existing Exterior Wall Assembly

Through the use of the Heating, Air and Moisture Building Science Toolbox software (H.A.M), a
cumulative R-Value of the exterior wall assembly could be obtained. This method had to be performed
twice in order to compensate for thermal bridging. Therefore, an R-Value for both insulated, and
uninsulated wall sections were calculated to be 20.51 and 3.86, respectfully. A dramatic difference
between the two values can be attributed to the metal studs coming in contact with metal screws and
other poor insulating material which adhere the layers of the assembly together. When poor insulators
come in contact, they allow the outside temperature to flow through them, creating a thermal pathway
in the assembly. Figure 25 below shows the calculated R-Value of the existing wall assembly.

CLIMATE CONDITIONS
Winter Summer
TOOL NO. 1 Temp(*F]RH(%) l'emp(*F RH(%)
RVALUE ANALYSIS indoorl 70 J 2 | [ 75 JL 5 |
Outd g [ 58 | [ 91 | 64 |
MATERIALS : City Harrisburg, PA :
|air film (int). 3/4 in. *|  Help | START/CLR
. — gy WALL SECTION & R
| Deleta | M | fiovasdnl B Congort TEMPERATURE GRADIENTS |
I l 1601 —z nfir—1—. r1860
: | Ext.) | | J (int.)
_Calc | araph | print | watyb | T00LBOX || 4401 T2 " 1ao.
Layerl  Generic Material | Thick. | Rval. || 120 et 120 |
1 air film {ext), 3/4 in. 0.75 017 L | |
2 brick (TTW). 4in. 4,00 0.64 o =. ey
3 cavity. 1/2in. 0.50 0.52 80 | | - 80
4 poly film, { 6mil) 0.01 0.12 o | | e
5 fibreboard shtg., 7/16 in. 0.43 1.08 v
6 steel stud, 5-1/2in. 551 012 40 g | - 40
7 aluminum foil, 0.001 in. 0.00 0.01 heceeed |
8 gypsum bd.. 5/8in.. (#1) 0.63 0.48 20 L i r20
9 paint (#1). (12mil) 0.01 012 0 i i1 - o
10 air film (int). 3/4 in. 0.75 0.64 i 1
n 20 408 3 10 =20
12 { inches )
Total or (Layer 0) 11.08 3.86
- Standard Wall - WiderWall |
This software is licensed to: PENNSYLVANIA STATE UNIVERSITY
CLIMATE CONDITIONS
Winter Summer
TOOL NO 1 Temp(*F)RH Femp(*F RH(%
) Indoor| 70 | 25 [EEL
RVALUE ANALYSIS o 5 5] Eor e
MATERIALS City [Harlisbulg. PA T|
air film (int). 3/4 in. * Help |sTART.vcu1
F) WALL SECTION & F)
| Mo | Convert TEMPERATURE GRADIENTS
h | o | wai | ol * &) — fint) 1%
| Grapl | Walllyb | T 140- — | | —' 1140
Layerl  GenericMaterial | Thick. 1200 ] F120
1 air film (ext), 3/4 in. 075 | e |
2 brick (TTW), 4in 4.00 ey ;_i U
3 cavity. 1/2in. 0.50 80+ G | k80
4 poly film, ( 6mil) 0.01 = ) ’ Len
5 fibreboard shig.. 7/16 in. 0.43  ro |
6 Dbattins.. 5-1/2in. 5.50 407 oy | 40
7 aluminum foil. 0.001 in. 0,00 el |
8 gypsum bd..5/8 in.. (1) 063 200 r20
9 paint (#1). (12mil) 0.01 0- H Lo
10 air film (int). 3/4 in. 0.75 i
L W 5 408 2 ¢ =
12 {inches )
11.08
- * Standard Wall ~ Wider Wall
This software is licensed to: PENNSYLVANIA STATE UNIVERSITY

Figure 25-Existing Wall Assembly R-Value Analysis
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Glazing and Windows Analysis

In order to correctly determine the heat loss through the exterior wall assemblies of Campus Square, a
U-Value needed to be determined for the glazing used on the curtain wall system and the storefront
windows and doors, as well as the Pella® windows. During the submittal process of preconstruction,
performance results of the glass used were included. With these U-Values, the square footage of these
materials was incorporated into the heat loss calculations in order to determine a total heat loss for all
faces of the building. It was important to effectively determine these values due to the extensive heat
loss through these particular materials. Figure 26 below highlights the test results obtained during the
submittal process.

PPG Industries Performance Glass Caleulatar Caleulated Center-of-Glass Thermal
and Optical Properties Based on NFRC 100-2001 Environmental Design Conditions

| Detalls fer Double Glazing as Specified _-:I
[ Ouldoor Glass Lite || 1i2" (8rom) Caribia |
| Bas Cavity Dimension | 462" (12mm}) 1
| GasFil | Air ]
| Indoos Glass Lile |[_ 114" (Brmm) Sungate 500 on Clear (Surace #3) |
Calloulated Thermal and Optical Praperties
1 Vales (K¥alues) ’ {Kz:.lf:tt:;ﬂm} (whirermf:} [Bﬁ?ﬂ?‘ui:fﬁr:ﬂ
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Figure 26 — Glazing Thermal Properties
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Proposed Prefabricated Wall Assembly

Similar to the as-built wall assembly, the H.A.M software was utilized in determining a cumulative R-
Value of the proposed exterior wall assembly. Likewise, this method had to be performed twice in order
to compensate areas of metal stud and cavity space. Therefore, an R-Value for both metal stud, and
cavity wall sections were calculated to be 19.79 and 20.66, respectfully. The proposed wall assembly
implements an EIFS exterior finish which acts as an exterior insulator, which thermally outperforms the
material currently used. Also, the manufacturing methods used to adhere the materials together
mitigate thermal bridging through the metal studs. Because this is true, the proposed assembly has an
improved, more balanced U-Value over the original design. Figure 27 below shows the calculated R-
Value of the proposed prefabricated wall assembly.
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Figure 27- Proposed Wall Assembly R-Value Analysis
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Results

Once the take-offs were tabulated, determining the square footage of each material used throughout
the different exterior wall assemblies, the heat loss for Campus Square could be calculated using the
heat loss equation mentioned earlier in this analysis section. As hypothesized, the prefabricated wall
assembly thermally outperforms the as-built condition. This is attributed to better insulating materials,
as well as a more effective wall assembly. As Figure 28 summarizes below, the prefabricated panels
reduce the heat loss through the exterior wall envelope by 13.5% in the summer, and 13% in the winter.
These values represent the inclusion of all exterior doors, windows, glazing, and brick/EIFS assemblies.
The reduction in heat loss through the exterior walls will not only result in a more thermally efficient
and sustainable building, but will also reduce operational costs in heating and cooling. The complete
heat loss calculation data may be observed in Appendix D of this report.

‘ Exterior Wall Heat Loss (Q) Comparison Table \

Summer Winter Summer Winter Summer A % Summer Winter A % Winter

90100.89 357092.64 77965.69 310827.18 12135.20 13.5% 46265.46 13.0%
Figure 28 — Heat Loss Comparison Data

Value Engineering Impact

As previously mentioned in the background information section of this analysis, GreenWorks and
Wohlsen opted to eliminated a 3-story curtain wall system along the east side of the building. This was
mainly done to reduce the facade square foot cost. However, savings can also be seen in the added
thermal performance of the as-built assembly. Figure 29 below demonstrates the heat loss comparison
of the proposed prefabricated panels with the originally proposed curtain wall system along Reily Street.
A dramatic difference is observed in thermal performance if the curtain wall was added, compared to
the proposed prefabricated panels. The data compares the heat loss differences between the as-built
system and the prefabricated panels; as well as the difference between the prefabricated system and a
curtain wall addition in the same region of the building.

‘ East Side Heat Loss Comparison of Prefabricated System & Curtain Wall Addition \

Q (Summer) Q (Winter) Q (Summer) Q (Winter) Q (Summer) Q (Winter)
10719.10 40866.56 8613.93 32840.60 14602.24 61722.24
Percent Difference 19.6% 19.6% -69.5% -87.9%

Figure 29 — Heat Loss Comparison Data

Conclusions and Recommendations

By comparing the heat loss data of the varied envelope systems used in the exterior wall assembilies, as

well as the proposed system, it is evident that a prefabricated wall system is thermally advantageous
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over the as-built condition. The proposed assembly will assist in reducing operation costs throughout
the year, as well as assisting in a quicker payback period due to the heating and cooling savings. Perhaps
the most critical advantage of the prefabricated assembly is the implantation of EIFS on the exterior of
the building. EIFS acts as an insulator, as well as accomplishes the aesthetic design considerations of
Campus Square. When constructing exterior wall systems, it is important to avoid excessive glazing
and/or wall penetrations, as these will reduce the thermal effectiveness of the envelope system.
Furthermore, the proposed assembly mitigates thermal bridging through the wall, which is one of the
larger contributors to thermal loss. A more in-depth study of the thermal properties, including heat gain
analysis, may further demonstrate the advantages of implementing the proposed methods.
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Structural Breadth Analysis
Structural Redesign of Exterior Wall Panel Connections

Background Information

Campus Square’s exterior wall assembly was constructed using a non load-bearing masonry facade
system with metal stud backing, as well as a sizable curtain wall system on the north side of the building.
The exterior walls were all constructed on-site, requiring scaffolding during masonry installation, as well
as large numbers of craftsmen in order to complete the work. Using a prefabricated wall system will not
only simplify the construction of the walls, but will also reduce the amount of workers on-site, mitigating
safety risks. However, if a prefabricated wall system is implemented on exterior of the building, the
structural connections which fasten the prefabricated panels to the steel structure would need to be
designed. Campus Square currently supports the brick veneer with steel angles anchored in the
composite deck system. Figure 30 below, illustrates the current steel angles used to support the
masonry facade system. Properly designing the connections would be critical in ensuring the proposed
prefabricated system is structurally anchored to the superstructure.

B 05/27/200912:14 pm I‘. 05/08/2008 08:11 am

Figure 30 — Masonry Facade Steel Support Angles

Overall Goals

The goal of this analysis is to understand the connection design used for the current facade, and then
redesign the connection detail in order to facilitate a prefabricated system. Furthermore, the connection
locations along the wall system will need to be determined in order to efficiently design the quantity of
connections needed. Proper spacing will be very important in the overall design because each
connection point will require on-site craftsmen joining the walls to the structure, as well as adding to
the amount of time it will take to install each panel.
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Methods

= Understand current structural design of exterior masonry system

=  Contact structural engineer of Campus Square about potential solutions of redesign
=  Conduct literature review of prefabricated system

= Determine proposed prefabricated wall assembly and associated dead loads

=  Establish schematic structural design of connections

= Analyze loads and determine proper connection spacing and connection type

Resources

= Dietrich Metal Framing (Connection Manufacturer)

=  Wohlsen Construction Company (Project Manager for Campus Square)

=  Structural AE faculty

=  TEAM Panels International (Prefabricated Panel Manufacturer)

= KERR Interior Systems Ltd. & Composite Building Systems Inc. (Prefabricated Panel
Manufacturer)

= Mechanical and Electrical Equipment for Buildings (Textbook by Benjamin Stein)

= AISC Design Guide 22, Table 2-1

= ASCE 7-05, Chapter 2: Combination of Loads

Expected Outcome

The new structural connection will be more complex than the original steel angles currently used to
support the facade. The new connections will need to be stronger in order to support the added dead
load of the entire wall assembly, compared to just the brick veneer. The added loads may involve
additional reinforcing along the edges of the structure.

Existing Exterior Wall System

Campus Square was constructed using a high performance, brick veneer exterior wall system with
galvanized steel stud backing for the exterior walls of the building. The wall assembly was implemented
in order to achieve a higher thermal performance to reduce operating costs, as well as sustainability
implications toward the building’s LEED® Gold certification for core and shell. Supported by the
foundation, as well as galvanized steel angles, the 4” brick veneer is typical throughout the facade of the
building, with the exception of a small area along the entrances on the north side, which was made of an
architectural stone. The 3/8” steel angles used to support the brick facade were connected to the edge
of the concrete slab using a fillet weld connected to the 3/8” steel angle located along the slab edges.
The angles also provide a moisture cavity between the sheathing and brick, as well as room for

construction tolerances.
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Each slab-on-deck is supported by the steel superstructure which acts as the main structural system for
the building. The composite slab system overhangs the steel girders, requiring additional 2-way
reinforcing at the slab’s edge in order to resist the unsupported load. Additionally, the slabs are
supported by a 3/8” bent plate attached to the steel girders.

The exterior wall assembly is rests on each slab, spanning the entire elevation for each floor, connecting
once again at the bottom edge of slab of the next floor level. 14 and 16 gauge C-channel 6” metal studs
are used as the primary framing material throughout the exterior of the building, coupled with 6”
batting insulation with foil backing. 7/16” DensGlass® sheathing was attached to the exterior framing
around the building. DensGlass® gypsum sheathing features a moisture-resistant core and enhanced
fiberglass mats, instead of paper facings, to resist the effects of moisture exposure during and after
construction. The drawings below, in Figure 31 depict the typical exterior wall assemblies and structural
connections along the slab edges.

@ BeAM OR (G
GIRDER
3 5/8" DIA ERECTION BOLT AT
N = 4-0" MAX. PROVIDE SHORT
N = SLOTTED HOLE IN BENT PLATE SEE PLANS . coe
- TO ALLOW FOR ADJUSTMENT  4'_g '~6" MAX #4812 0.C. TOP BARS UNO
o [ - 5 / IN PLANS OR SECTIONS
i <= el |- FER I,
T == WELLED WiRE \ /18312 T OF SPECIFIED YIELD STRENGTH
= REINFORCEMENT — . OF REINFORCING STEEL
. le = _T 5 1/2" UN.O.
JIE ,\_ (SEE PLAN)
} 7\>fl 3/8" THICK
COMPOSITE SLAB ,
~SEE_PLAN FOR 2"\ BENT PLATE
ORIENTATION SEE PUAN =] WIN
FOR SIZE 244
extyen AT B"
/A \TYPICAL EDGE_OF SLAB DETAIL
URETHANE S002 / SCALE: 1" = 1'-0”
MILLWORK U
ATTACHED TO
FACE BRICK (TYP)
=—g BEAM
ol | —
e . |
@ 4" FACE
BRICK (TYP)
i S B
T.OS, EL
SEE PLAN
ﬂ-. ", GALVANITED
LEX4X3
COMTIMUGUS
[
28l /7 \RELIEVING ANGLE DETAIL
Lo 5103,/ SCALE: 17 = 1'-07
Figure 31-Typical Exterior Wall Details & Section Drawings
SECTION ) 56| Page
SCALE:  1/2=1-0" \&0y/




Campus Square Building
Harrisburg, PA
Final Thesis Report
Andrew Martin | Construction Management | Advisor: Dr. Chris Magent

Proposed Prefabricated System

After consulting with prefabricated wall manufacturers, including TEAM Panels International and KERR
Interior Systems Ltd. & Composite Building Systems Inc., different wall assemblies were reviewed which
could be implemented for Campus Square. It was important to identify complete panelized wall
assemblies which could be manufactured in full, and installed on-site with the smallest amount of on-
site installation. Furthermore, for the purposes of this report, the proposed system needed to be
thermally more efficient than the as-built system, as discussed in the mechanical breadth of this report.
Also, the proposed wall assembly needed to contain similar building materials as the original in order to
meet aesthetic and sustainable requirements of Campus Square. By incorporating a prefabricated wall
system for Campus Square, certain quality advantages may be achieved over the as-built methods due
to the controlled environment of prefabrication. Such advantages include retaining aesthetic integrity
and value by Eliminating problems relating to shrinkage, rotting, corrosion and cracks in the finishes; as
well as pre-punched knockouts in the steel members, which decreases the time required from the other
trades. Prefabrication also has LEED implications which are ideal for Campus Square and GreenWorks
Development’s sustainability mission. With respect to the LEED program's Materials and Resources
(MR) Credits, Recycled Content, all of the cold-formed steel are produced from 90% recycled steel,
comprised of 57% post-consumer recycled content and 33% post-industrial recycled content. Panel
studs contain a high percentage of recycled steel comprised of both post-consumer and pre-consumer
recycled content. In addition, depending upon the specific project location and manufacturer
availability, opportunities may exist for credits under the Materials and Resources Credits for Regional
Materials.

The wall system chosen for the proposed prefabricated system will contain 4” EIFS exterior insulation
and simulated brick stucco. The simulated brick face will match that of the original design, but will
provide for an improved insulating material over traditional batting insulation. The same 16" typical
(unless noted otherwise on the drawings) stud spacing may also be kept the same in order to reduce the
amount of framing required. Each panel is sized to span the typical bay width according to the panel’s
location. Utilizing this prescribed method will reduce the amount panel joints, as well as on-site time in
seaming the panels together. Appendix C of this report lists the panel size and location schedule. Figure
32 on the following page shows a typical exterior wall assembly proposed for Campus Square, utilizing
the EIFS system with metal stud backing.
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Figure 32— Typical Vertical Wall Assembly and Joint Detail

Proposed Structural Connection

For the purpose of this analysis, connections will be sized for a typical bay along the east side of Campus

Square. The procedures and calculations used will mimic those which would be used to size the

connections of the panels to the superstructure throughout the other elevations of the building. The bay

which will be analyzed will be that of Panel #5, of erection sequence-4. This panel is located on the

second floor of Campus Square, along 3" Street. In order to determine the proper connection type to be

used, gravity loads or dead loads, along with wind loads must be determined. With these values, the

loadings onto the connections can be calculated, and sized appropriately. Figure 33 on the next page

highlights the panel which will be analyzed.
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Figure 33— Panel #5, Erection Sequence-4; Located Along 3" Street
Drawing provided by Wohlsen Construction

P (15

The AISC Design Guide gives a common design assumption for an EIFS wall system (including gypsum
sheathing, metals studs, and hardware), listing a gravity load of approximately 10 PSF. Using ASCE 7-05,
an allowable load can be determined using strength design. Along with a dead load, a wind load will also
need to be included into the design of the connections. Figure 34 lists the net wind uplift loads for
Campus Square. Panel #5 will experience a net wind uplift of 26 PSF according to the diagram.

woe e

26 PsF

/ T\ NET_WIND UPLIFT DIAGRAM
S001

Figure 34-Net Wind Uplift Diagram
Drawings provided by Wohlsen Construction
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Dietrich Metal Framing produces a series of connections used to attach curtain wall systems and wall
sections to the superstructure. Using a QuickClip™ (QC-Series ™) in order to connect the proposed
prefabricated wall sections to the steel and slab-on-deck of Campus Square, will provide the means to
accomplish the proposed methods. The product allows for vertical building movement, restricts lateral
movement, and provides up to 3” of horizontal standoff. Because the panels span each floor height, the
wall sections will be attached at each 16” stud spacing at the floor and ceiling levels. Figure 35 below
demonstrates how each steel stud will be attached the QuickClip™. Because the clips are installed
vertically in line with another, it will negate a turning moment in design considerations.

Figure 35— QuickClip™ (QC-Series™)
Left: Floor-to-Deck Connection (Typical). Right: Ceiling-to-Beam Connection (Typical).
Image courtesy Dietrich Metal Framing

Load Calculations
Chapter 2 of ASCE 7-05, Section 2.4 Combining Nominal Loading Using Allowable Stress Design, an

allowable stress load can be determined using equation 5:

D+H+F+(Wor0.7E)

Where:

D= Dead Load
H= Load due to lateral earth pressure, ground water pressure, or pressure of bulk materials

F= Load due to fluids with well-defined pressures and maximum heights
W= Wind Load
E= Earthquake Load
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Equation 5 is used because this will result in the maximum design loading, ensuring worst case loading is
met. The variables “H”, “F”, and “E” will not be needed in this calculation because those design elements
do not contribute to the loading conditions of the proposed connections. Therefore:

D + W = 10PSF + 26 PSF = 36 PSF

Each steel stud will be placed at 16” O.C., resulting in (for this specific panel) an approximate tributary
area of 20.31 SF.

Load of each stud, based on calculated tributary area:
Stud Tributary Area * Dead Load = 23.31 SF * 10 PSF = 233.10 LBS

Based off of the above value, 16 gauge, 33 ksi steel studs will be appropriate for the prefabricated wall,
as designed by the manufacturer. Also, a 10 gauge, 33 ksi QuickClip™ will be able to support the
tributary area of each stud. Figure 36 below depicts allowable loads for each QuickClip™

Allowable Loads for the 10 Gauge, 33 ksi QuickClip™

Min Thickness | Yield Strength Allowable
Stud Type/Flange Width Stud Gauge = Fy (ksi) Load (Ibs)

20 0.0329 33 277

18 0.0428

Cs) /1695 16 0.0538 =0 =

L 14 0.0677 23 754

’ 50 837

- 33 837

12 0.0966 50 az7

Figure 36- Allowable Loads for 10 Gauge QuickClip™

Each QuickClip™ will need to be welded to each stud, and fastened to either the concrete deck or steel
beam. The Hilti™ powder-driven fasteners will to be designed for allowable shear and tension. In order
to determine these values, the wind load must be incorporated into the shear stress.

Wind Load Shear:

Tributary Area * Wind Load = Wind Load @ Center of Tributary Area
20.31 SF * 26 PSF = 528.06 LBS
(Wind Load @ Center of Tributary Area)/2 = Shear @ Each Connection
528.06 LBS / 2 = 264.03 LBS
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The Hilit™ fasteners will need to be embedded into the 4000psi concrete deck to a depth of 1-1/2”,
based off of the calculated allowable shear force. Figure 37 below lists the shear and tension forces for

the Hilti™ fasteners in normal weight concrete.

Allowable Hilti* Powder Driven Fastener Design Values
in Normal Weight Concrete (Ib)
Fastener | Shank Min 2000 psi 3000 psi 4000 psi
Type Diameter| Embed. | Shear | Tension | Shear | Tension | Shear | Tension
5/8" — — — — — —
. 3/4" 95 70 110 90
DN 145 1" 140 90 160 120
1-1/2" | 230 165 280 190
DS 177" [ 1-7/16" | 250 150 285 205

Figure 37- Allowable Hilti™ Fastener Design Values In Concrete

Shear and Tension through the steel beam also needs to be compared to the manufacturers design
values to ensure the loads can be supported by the QuickClip™. Tension at the beam will be calculated
because the fasteners will be installed at the bottom of the beam, directed upwards.

Tension at the

steel beam:

Tributary Area * Dead Load = 233.10 LBS

The tension value obtained does not exceed any design value listed in Figure 38 below; therefore, it will

satisfy all beam types of Campus Square.

Allowable Hilti* Powder-Driven Fastener Design Values in Structural Steel (Ibs)

Fastener Shank 1/8" Steel 3/16" Steel 1/4" Steel 3/8" Steel
Type Diameter | Shear Tension Shear Tension Shear Tension Shear Tension
X-EDNI 145" 230 110 425 455 620 800 680 810
DS 77" = = 795 390 625 620 780 780

Figure 37- Allowable Hilti™ Fastener Design Values In Structural Steel

Lastly, the weld locations along the QuickClip™, which bonds the steel stud to the clip needs to be
compared to allowable weld design values as listed by the manufacturer. As Figure 38 depicts, a 1” fillet
weld connecting the clip and the 16 gauge stud will exceed the design conditions.
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Allowable Weld Design Values
(Ibs) per inch of weld

Welds
Gauge Fy (ksi) Fillet Flare
Groove
18 23 482 405
16 721 510
14 762 641
14 50 907 641
12 33 1087 915
12 50 1294 915
10 33 1328 1118
10 50 1581 1118

Figure 38- Allowable Weld Design Values

Conclusion and Recommendation
The QuickClip™ connectors provide an excellent solution in attaching the prefabricated panels to the
superstructure of Campus Square. They allow for construction tolerances in the field in their design by
providing stand-off. Also, the clips can be manufactured and attached to the panels before they are
delivered on-site. This will allow for less on-site welding which is costly, and allows for added risk during

installation.

The redesign of the exterior wall system also eliminates the concrete slab overhang past the edge of the
steel beams. This will ultimately reduce the amount of concrete needed during the pour of each floor,

saving money in material costs, as well as time for installation.

Further study could be performed in determining the deflection differences the proposed panel system
will have on the steel, compared to the as-built wall system. The original wall design created a
distributed load along the concrete slab edge. However, the proposed system will incorporate point
loads along the beams and the concrete slab. It can be assumed that because the prefabricated system

will have a lesser dead load on the structure, deflection issues may be negated.

Prefabrication of the exterior wall system will result in carefully design details, construction joints, and
sizing each panel due to the importance of mitigating gaps along the panels. Defects in the design and
improper installation methods will result in a lesser performing system.
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Appendix A — Proposed Project Schedule

Please see next page.
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ID  |Task Name Duuration Start Finish Qtr 2, EUD? Qtr 3, 2007 Qir 4, 2007 Qtr 1, 2008 Cir 2, 2008 Qir 3, 2008 Ofr 4, 2008 Ctr 1, 2009 Otr2, 2
Mar  Apr | Jun | Jul | Aug | Sep | ©ct | Wov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Cct | Mov | Dec | Jan | Feb | Mar | Ap- |
1 PROJECT DURATICN 439 days Mon 6/4'07 Thu 2/5/09| ROJECT DUHATI'DN — 439 days
2 Pre-Construction 330 days Mon 6/4'07 Fri @5/08 Pre-Construction “ 330 days
3 Pre-Construction/ Design 130 days Mon &4/07  Fri 11/30/07 -Construction’ Design = 130 da)rs
4 Demolition & Tank Removal 10days  Mon 1071/07  Fri 10112/07 Deleltan & Tank Removal E 10 days
5 Finalize Drawings 60 days ~ Mon 10/8/07 Fri 12/28/07 : Finalizz Uram'lngs = ED days
& Sample Well Drill Testing Sdays  Mon 101507 Fri 1011907 Sample Well Drill Testlng @ 5days
7 Bidding/Finalize GMP 20 days.  Mon 12/31/07 Fri 1/26/08 : Blddlng.-'Flnallze GMP = 20 days
8 Review and Sign GMP 10days| Mon 1/28/08 Fri 2/8/08 Review and Slgn GMP @@ 10days
] Submittals 60 days  Mon 1/28/08 Fri 4/18/08 Suhmllbals = 60 days
1C Motice to Proceed 0 days Fri 2/8/08 Fri 2/8/08 28 @ Notice to Pro-need
I Subcontracts 10days  Mon211/08  Fri 2/22/08 Subcontracts (g 10 days!
12 Aquire Permits 20 days|  Mon 211708 Fri 37/08 Aqune Permits S 20 da]rs
12 Elevator Procurement (12 wesks) 60 days  Mon 2/11/08 Fri &2/08 Elevatur Procurement |f12weeksj = 60 days
14 Steal Procurement (16 weeks) 80 days  Mon 211/08 Fri 5/30/08 Steel Procurement t16week5] [ —— 11 davs
1€ Prefabricated Panels Procurement (7 weeks) 35 days Mon &6/2'08 Fri7/18/08 Prefabrlcated Panels Procurement (7 weeks) = 35 days
1€ Release Transformer (30 weeks) 150 days  Mon 2/11/08 Fri &/5/08 Release Transformer t‘.wweeksJ — 150 days
17 Construction Z39days Mon 310:08 Thu 2509 - Construction — 230 days
18 Shiework/Rough Grading 46 days  Mon 31008 Mon 51208 SHework Hougn Gracing -— 45 cay s
1€ Mobilization 3days  Mon310/08 Wed312/08 Mobilization @ Sdmrs
2C Erosion Control Mcasures 2 days Thu 312/02  Mon 3/17/08 Erosion C:ontrol Measures g 3 days
21 Geothermal Well Crilling 20days| Tue 318/08  Mon 41408 Geothermal Well Drilling = 20 days
2 Footer Excavation 10days, Tued15/08  Mon 4/28/08 Footer Excav aﬂon &= 10 days
2 F'R/P Concrete Piers 10days  Tued/15/08  Mon 4/28/08 F/R/P Concrete Plelrs = 10 days
24 Geothermal Piping 10days  Tued/15/08  Mon 4/28/08 Geothermal Pipil:'lg &= 10days
2 Install New Utilities 10days  Tued4/29/08  Mon 512/08 Install New Ut:iliﬁes &= 10days
2E Pour Footers 10days| Tue4/29/08 Mon 5/12/08 Pour F{%rolers & 10days
27 Relocate Utilities 10days  Tued4/29/08  Mon 512/08 Relocate Ut:iliﬁes &= 10days
2| Basement Constructicn I days  Tue 42008  Mon &'%08 Basement Consin.lctmn e 30 da‘, 5
2 Basement Walls Sdays  Tue 4/29/08 Mon 5/5/08 Easement Walls @ 5days
ac Backfil Foundation Walls 5 days Tue 56/08  Mon 512/08 Backfill Foundatlun Walls g 5 days
<3l Stone Prep S days Tue 571308 Mon 5719/08 Stone Frep @ 5 days
2z MEP Rough Ins 15days. Tue&13/08 Mon &/2/08 MEP Rough Ins g 15 days
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ID |Task Name Duraticn Start Finish Qtr 2, 2007 Citr 3, 2007 Qtr 4, 2007 Qtr 1, 2008 Qtr 2, 2008 Qtr 3, 2008 Citr 4, 2008 Qtr 1, 2009 otra, 2
Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr |
23 MEF/S Finishes and Connections 5days Tue 6/2/08 Mon 6/9/08 : : : MEP/S Finishes and Connections g 5 days : : .
24 Steel Erection 53 days  Tue 610081 Thu 8/21/08 Steel Erection _ 53 da]rs:
35 Set Steel Columns/Beams 10days ~ Tue &10/08  Mon 6/23/08 Set Steel %:olumns‘Beams (] 1D days :
el Final Connections/ W elds 3days Tue&/24/08  Thu &/26/08 Final Et:on nections/'Welds g 3 days
37 Erect Bar Joists 10 days Fri @/27/08  Thu 7/10/08 I Erect Bar Joists = 10 days
28 Set Metal Decking'Pour Stops 10 days Fri#/11/08  Thu 7/24/08 Set H(:! tal Decking/Pour Stop:s & 10 days
B Instal Brick Masonry to 1st Elev. Mark 20 days Fri 7/2508  Thu 8/21/08 Instal Bricl% Masonry to 1st Elev. I:'u'Iark s 20 days
40 Set Stairs 5days Fri 7/25/08  Thu 7/31/08 : Set s:tairs @ 5days :
4 Steel Inspection 5 days Fri 8/1/08 Thu 8/7/08 Steel Insp;-eciion @ 5Sdays :
42 Building Shell 45 days Fri81/08) Thu10/2/08 Buildingj Shell ~ 45 days
43 Exterior MEP Rough Ins 10 days Frig1/8  Thu &14/08 Exterior MEP Rou:gh Ins g 10 days
44 Pour Slabs on Deck 5days Fri 81508  Thu &21/08 Pour Slab:s on Deck @ 5days
45 | Install Roof Sheathing/Shingles 15 days Fri &/22708  Thu 9/11/08 Install Roof Sheathil:'lg.-'Shingles B 15 éla]rs
46 Pre-Fab. Panels Instal. 15 days Frig2208  Thu %11/08 Pre-Fab. P:anels Instal. g 15 élays
47 CMU for stairs and elevator shaft 10 days Fri 8/22/08 Thu 9/4/08 CMU for stairs and ek:avalor shaft @@ 10 dal:ys
48 Elevator Installation 20 days Frig's/d8  Thu 10/2/08 Ele\ra:tur Installation = 20 days
49 Curtain Wall Installation 5 days Fri@12/08  Thu 918/08 Curtainj Wall Installation @ 5 jda‘;rs
50 First Floor 44 days Fri 8/22'08 Wed 10/22/08 EFirst Floor — 44 days
51 MEP/S Raugh Ins Overhead 10 days Fri 8/22/08 Thu 9/4/08 MEP/S Rough In:s Overhead @@ 10 dal:ys
52 Metal Stud Framing 5 days Fri &22/08  Thu 8/28/08 Metal S;ud Framing @ & daysi
53 MEF Rough Ins Sdays Fri /22708  Thu &28/08 MEF:* RoughIns @ 5 daysi
54 Hang Door Frames 2 days Fri 8/29/08 Mon 8/1/08 Hangj Door Frames Zdayjs
55 Hang Drywall Sdays  Tue@208  Mona/8iog Hang Drywall @ 5 days
56 Tape/Finish Drywall 5 days Tue 9908  Mon 915/08 Tap:e-'Finish Drywall @ 5 t:iays
57 Painting 5days Tue &30/08  Mon 10/6/08 | Painting i 5 days
B Ceiling Grid Sdays  Tue 107/08 Mon 10/113/08 Ceiling Grid: @ Sdays
59 MEP/S Finishes & Connections Sdays  Tue 10/14/08  Mon 10/20/08 MER-'é Finishes & Connectiolils @ 5days
&0 Flooring Sdays Tue10/114/08 Mon 10/20/08 I Flourililg @ Sdays
&1 Hang Doors 2days Tue 10/21/08 Wed 10/22/08 . Hang Dc;ors j 2days
62 Second Floor 47days  Fri9/508 Mon 11/10/08 iSecond Floor '_' 47 days
63 MEP/S Raough Ins Overhead 10 days Frig/&/08  Thu 9/18/08 MEP/S Floug:h Ins Overhead @ 11:3 days
64 Metal Stud Framing 5 days Frig’58  Thu 911/08 I'u'Ieta:I Stud Framing @ Sd:a}rs
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ID  |Task Name Duration Start Finish Qtr 2, 2007 Ctr 3, 2007 Qtr 4, 2007 Qtr 1, 2008 Qir 2, 2008 Gitr 3, 2008 Qitr 4, 2008 Qitr 1, 2009 Qtra, 2
Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Now | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Mov | Dec | Jan | Feb | Mar | Apr |

G5 ML Nough Ins 10 days rri VS0 Thu 210/00 ! . : : ' MEP Rough Ins @@ 10 days : -
=] Hang Door Frames 2 days Frig1208  Mon 915/08 H%ﬂg Door Frames g 2 r;la]rs
&7 Hang Drywall 5 days Frig108  Thu 925/08 l Hang Drywall g ! 5 days
2] TapeFinish Drywall 5 days Fri&/2e/08  Thu 10/2/08 Tap-e Finish Drywall i 5days
Painting Sdays  Fri10/17/08 Thu 10/23/08 Palntlng @ Sdays
70 Ceiling G Sdays  Fri 10/24/08  Thu 10/30/08 : Ceiling Grid g 5days
71 MEF/S Finishes & Ccnnections Sdays  Fri10/31/08  Thu 11/6/08 MI:EP.-'S Finishes & conne;ciic-ns @ 5Sdays
72 Flocring Sdays  Fri1031/08  Thu 11/6/08 : Flémring B Sdays
T3 Hang Doors 2 days Fri 117708 Mon 11710/:08 Hdng Doors g 2 days
74 Third Floor 47 days Fri 91908 Mon 11/24'08 Third Floor — 47 days
75 MEP/S Rough Ins Overhead 10 days Fri 919/08  Thu 10/2/08 MEP/S Hough Ins Overhead = 10 days
76 Metal Stud Framing 5 days Fri919/08  Thu 92508 I.!etal Stud Framing @ .5 days
77 MEP Rough Ins 10 days Frig108  Thu 10/2/08 | MEP Rough Ins = 10 days
78 Hang Door Frames 2days Fri 926/08  Mon 929/08 Hang Door Frames E 2days
79 Hang Drywall 5 days Fri1va08  Thu 10/9/08 Hang Drywall : ﬂ 5 days
a0 TapaFinish Drywall Sdays  Fri10M1008  Thu 101608 Tape/Finish Drgrwa!l @ 5days
a1 Painting Sdays  Fri10/31/08  Thu 11/6/08 Pe;inting B Sdays
az2 Ceiling Grid 5days Fri 11/7/08  Thu 11/13/08 Ceil:ing Grid @ 5 days
a3 Instal Panel Sequence 5: A-D 1day| Tue1111/08 Tue 11/11/08 Instal Panel Sequenne 5:A-D [ 1day
a4 MEF/S Finishes & Ccnnections Sdays  Fri11/14/08  Thu 11/20/08 MEP S Finishes & connectlons @ 5days
a5 Flooring Sdays  Fri11/14/08  Thu 11/20/08 " Flooring & 5days
26 Hang Doors 2 days Fri 11/21/02  Mon 11/24/08 Il-Iang Doors g 2 d:ys
a7 Fourth Floor 50 days Fri10/%08 Thu 1211/08 Fourth Floor — 50 da‘;rs
as MEF/S Rough Ins Overhead 10 days Fri1/308  Thu 10/16/08 MEP/ S Huugh Ins Overhead - = 10 days
23 Metal Stud Framing 5 days Fri10/2/08  Thu 10/9/08 Metal Stud Framing ,i 5 days

B MEP Rough Ins 10days  Fri10/208 Thu10116/08 MEP Rough Ins = 10days
=] Hang Door Frames 2days  Fri10M1008 Mon 10/113/08 Hang Door Frame:s. @ 2days

B Hang Drywall 10days  Fri10/17/08 Thu 10/30/08 Hang Drw.i'all @3 10 days
93 TapeFinish Dnywall Sdays  Fri1031/08  Thu 11/6/08 Tape/Finish [irywall B Sdays
=2 Falnting 5 days Fri11/21/08  Thu 11/27/08 : Painting @ 5 daysé
a5 Ceiling Grid Sdays  Fri11/22/08  Thu 12/4/08 Celllnn Grid @ 5 da\'
96 MEP/S Finishes & Ccnnections 5 days Fri12/5/08 Thu1211/08 MEP/S Finishes & Connections g 5 days
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é

ID  [Task Mame Duraticn Start Finish Qtr 2, 2007 Otr 3, 2007 Qtr 4, 2007 Qtr 1, 2008 Qtr 2, 2008 Citr 3, 2008 Cir 4, 2008 Qtr 1. 2009 Qtr2, 2
Mer | Apr | May | Jun | Jul | Aug | Sep | Ocl | Wov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Ocl | hov | Dec | Jan | Feb | Mar | Apr |
o7 Flocring 1 day Fri 12/5/08 Fri 12/5/08 ! : ' ' : ' Flooring 1 1 day :
Q8 Hang Doors 2days  Mon 128008  Tue 129/08 Hang Doors § 2 da:grs
e | Closeout 40days Fri121208  Thu 2509 Closeout '_' 40 days
100 Electrical Inspection 2days Fri1212/08  Mon 1215/08 Eler;irical Inspection g 2 {iays
o1 | HWVAC Testing and Balancing 10days  Fri1212/08 Thu 1225/08 HVAC Tesiir:lg and Balancing @@ :‘ID days
102 Plumking/Sprinkle: Inspection 2days  Fri1212/08 Mon 121508 thbing.-'Spl:inlder Inspection g 2 {;ays
108 | L&I Elevator Inspection Sdays  Fri1212/08 Thu 1218/08 L&l Ele:fvamr Inspection @ S%la]rs
104 Final Cleaning 10days|  Fri1226/08 Thu 1/8/09 | Final Cleaning = 10 days
105 | Punch List Items 20 days Fri1/3/08  Thu25/09 Punch List Item:s G 20 days
106 Final Inspection/CO 2days Fri1/amga Mon 112/09 Final Inspection-'Cli) @ 2days
107 | Tuneraver to Owner Odays Moni112/@  Mon 1412/09 1.-'1i2 & Tunerover to (.'rwner
Project: Campus Square Schedule_Pre Task e Milestone o Folled Up Task ey Riolled Up Progress External Tasks ] Group By Summary ===
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Campus Square Building

Harrisburg, PA
Final Thesis Report

Andrew Martin | Construction Management | Advisor: Dr. Chris Magent

Appendix B — General Conditions: As-Built vs. Proposed

Supervision/Project Management

Customer Captain/VP 17 | HR $175 $2,975
Project Executive 57.8 | HR $175 | $10,115
Director of Field Operations 174.25 | HR S150 | $26,138
Director of Safety 204 | HR S50 | $10,200
Project Manager 1926.95 | HR $100 | $192,695
Project Superintendent 2281.4 | HR $100 | $228,140
Project Engineer 263.5 | HR S75 | $19,763
Job Foreman 467.5 | HR S75 | $35,063
Project Assistant 986 | HR S50 | $49,300
Project Accountant 205.7 | HR S65 | S$13,371
Contract Administrator 15.3 | HR $125 $1,913
Subtotal | $589,671
Administrative Facilities and Supplies
Contractor's Office Set-Up 1| EA $2,500 $2,500
Job Office Expenses 11 | MTH $250 $2,750
Furniture 1| EA $1,000 $1,000
Copy Machine 11 | MTH $100 $1,100
Personal Computers 11 | MTH $100 $1,100
Local Area Network/Data 11 | MTH $100 $1,100
Telephone - Setup 1| EA $150 $150
Monthly Telephone Bills 11 | MTH $100 $1,100
Cell Phone Bills 11 | MTH $100 $1,100
Jobsite Storage - Fence/Barriers 11 | MTH $1,200 | $13,200
Drawings and Specifications 11 | MTH $200 $2,200
Photographs 11 | MTH $50 $550
Motor Vehicle Expenses (Gas/Maint.) 11 | MTH $500 $5,500
Postage and Shipping 11 | MTH $250 $2,750
Travel Expenses 11 | MTH $500 $5,500
As-Built Drawings 1| EA $1,000 $1,000
Engineering Instruments/Supplies 11 | MTH $50 $550
Subtotal | $43,150
Safety
Job Safety Expenses 11 | MTH $200 $2,200
Safety Materials 11 | MTH $100 $1,100
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Campus Square Building

Harrisburg, PA
Final Thesis Report
Andrew Martin | Construction Management | Advisor: Dr. Chris Magent

Fire Protection (Extinguishers) 11 | EA $100 $1,100

Subtotal $4,400
Clean-up
Periodic Clean-up (Laborer) 2346.4 | HR $35 | $82,124
Construction Cleaning 1]LS $11,000 | S$11,000
Dumpster Service 11 | MTH $1,000 | $11,000
Waste management Consultant 11 | MTH $200 $2,200

Subtotal | $106,324
Jobsite Work Requirements
Fences/Barricades 10 | MTH $500 $5,000
Sighage 1/LS $5,000 $5,000
Misc. Tools & Equipment 10 | MTH $3,000 | $30,000
Drinking Water 10 | MTH $100 $1,000
Protect Floors & Walls LS $8,000 $8,000
Patch FP LS $5,000 $5,000
Elevator Protection LS $1,500 $1,500
Temporary Heating/Cooling (for job office) 11 | MTH $400 $4,400
Monthly Electric Bill (for job office) 11 | MTH $100 $1,100
Fuel/Oil (misc.) 3 | MTH $200 $600
Temporary Toilets 11 | MTH $S500 $5,500
Temporary Water / Electric (for construction activities) 11 | MTH $250 $2,750
Temporary Heat 3 | MTH $200 $600
Construction Site Access 1/LS $2,500 $2,500
80' Pettibone 9 | MTH $2,200 $19,800
60' Man Lift 7 | MTH $1,800 | $12,600
Contractor Parking Lot 1/LS $11,000 | S$11,000
Laydown Space Preparation 1|1LS $10,000 | $10,000

Subtotal | $126,350
Permitting Cost
Building Permit $65,256
Street Cut Permit $1,430

Subtotal | $66,686
Bonds and Insurance
Liability Insurance $88,456
Mercantile Tax $17,032
Subtotal | $105,488

Total General Conditions Cost $1,042,069

70| Page




Campus Square Building

Harrisburg, PA
Final Thesis Report
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Supervision/Project Management

Customer Captain/VP 20 | HR $175 $3,500
Project Executive 68 | HR $175 | $11,900
Director of Field Operations 205 | HR $150 | $30,750
Director of Safety 240 | HR S50 | $12,000
Project Manager 2267 | HR $100 | $226,700
Project Superintendent 2684 | HR $100 | $268,400
Project Engineer 310 | HR $75 | $23,250
Job Foreman 550 | HR S75 | $41,250
Project Assistant 1160 | HR S50 | $58,000
Project Accountant 242 | HR S65 | $15,730
Contract Administrator 18 | HR $125 $2,250
Subtotal $693,730
Administrative Facilities and Supplies
Contractor's Office Set-Up 1| EA $2,500 $2,500
Job Office Expenses 13 | MTH $250 $3,250
Furniture 1| EA $1,000 | $1,000
Copy Machine 13 | MTH $100 $1,300
Personal Computers 13 | MTH $100 $1,300
Local Area Network/Data 13 | MTH $100 $1,300
Telephone - Setup 1| EA $150 $150
Monthly Telephone Bills 13 | MTH $100 $1,300
Cell Phone Bills 13 | MTH $100 $1,300
Jobsite Storage - Fence/Barriers 13 | MTH $1,200 | S$15,600
Drawings and Specifications 13 | MTH $200 $2,600
Photographs 13 | MTH $50 $650
Motor Vehicle Expenses (Gas/Maint.) 13 | MTH S500 $6,500
Postage and Shipping 13 | MTH $250 $3,250
Travel Expenses 13 | MTH $500 $6,500
As-Built Drawings 1| EA $1,000 $1,000
Engineering Instruments/Supplies 13 | MTH S50 $650
Subtotal | $50,150
Safety
Job Safety Expenses 13 | MTH $200 $2,600
Safety Materials 13 | MTH $100 $1,300
Fire Protection (Extinguishers) 31 | EA $100 $3,100
Subtotal $7,000
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Clean-up
Periodic Clean-up (Laborer) 2933 | HR $35 | $102,655
Construction Cleaning 1|LS $11,000 | $11,000
Dumpster Service 13 | MTH $1,000 | S$13,000
Waste management Consultant 13 | MTH $200 $2,600
Subtotal | $129,255
Jobsite Work Requirements
Fences/Barricades 12 | MTH $500 $6,000
Signage 1/LS $5,000 $5,000
Misc. Tools & Equipment 12 | MTH $3,000 | $36,000
Drinking Water 12 | MTH $100 $1,200
Protect Floors & Walls LS $8,000 $8,000
Patch FP LS $5,000 $5,000
Elevator Protection LS $1,500 $1,500
Temporary Heating/Cooling (for job office) 13 | MTH $400 $5,200
Monthly Electric Bill (for job office) 13 | MTH $100 $1,300
Fuel/Oil (misc.) 4 | MTH $200 $800
Temporary Toilets 13 | MTH $500 $6,500
Temporary Water / Electric (for construction activities) 13 | MTH $250 $3,250
Temporary Heat 4 | MTH $200 $800
Construction Site Access 1/LS $2,500 $2,500
80' Pettibone 11 | MTH $2,200 | $24,200
60' Man Lift 9 | MTH $1,800 | $16,200
Contractor Parking Lot 1|LS $11,000 | $11,000
Laydown Space Preparation LS $10,000 | $10,000
Subtotal | $144,450

Permitting Cost
Building Permit $65,256
Street Cut Permit $1,430

Subtotal | $66,686
Bonds and Insurance
Liability Insurance $88,456
Mercantile Tax $17,032

Subtotal | $105,488
Total General Conditions Cost $1,196,759
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Appendix C - Prefabrication Panel Take-off Dimensions

Panel Sequence #] Length (ft) | Height ()| SF | [Panel Sequence # | Length (f)| Height (fe) | SF__

Panel Sequence #] Length (ft.)| Height (ft.) | _SF__|

Length (fe) | Height (ft)| SF

| Panel Sequence #] Length (ft)| Height (ft.)| _SF__
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Appendix D — Heat Loss Calculations and Assembly Take-off Values

[ Wal | Type | Floor | length | Height | SF | Windows | Doors | Storefront | CurtainWall | Veneersr

1038 6/8

1236 2/8
12122/8
1613 3/8
2447 4/8

1569 6/8
1587 6/8

2058 5/8
936 1/8
12265/8
1196 5/8

13716/8
12625/8
12445/8

TOTALA 27935 2/8 4834 4/8 265 4/8 8726/8 1088 4/8 232326/8
TOTALD 2358 6/8 Total

[ Wall | Flor | length | Height | Swdlf) | OCH) | CWallF Stud LF Stud SF

" Wal | Floor | VemnerSF | Battst | Rualue | UValue | AtSummer | GtWinter | Q(summer) | Q(Winter

TOTALS 23232.74 19629.06 15312.77 58379.93
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[ StudSF | RValue | UValue | GtSummer | OtWinter | Q(summer) | Q@ (Winter) |

3603.69 14937.57 56949.48

Arca(s) | U-Velue | Atsummer | Ot Winter | (summer) | Q (Winter)

4834.20 27073.20 103216.58 TOTALS
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Area (SF) | U-Value Summer | U-Value Winter | AtSummer | ftWinter | 0 (Summer] | 0 (Winter) |

11672 644 i 133546.65

Value Engineering Analysis- East Side Curtain Wall Addition:

[ wall_|__Floor | Height (ft) Width(ft) | SF | UValueSummer | U-Value Winter | tSummer | _AtWinter | Q(Summer) | Q{Winter) ]

61722.24

Proposed Prefabricated Panel Analysis:

[ Wwall | Floor | VennerSF | BattSF_| Rvalue | UValue | AtSummer | AtWinter | Q(summer) | Q(Winter) |

TOTALS 2323274 19629.06 15201.59 57956.07
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| StudsF | RValue | UValue | AtSummer | At Winter | Q(summer) | Q(Winten) |

3603.69

Comparison Table:

357092.64

2913.54 11107.88
Summer A % Summer Winter A % Winter
707.08 6.5% 2695.73 6.1%
641.42 7.9% 2445 .40 7.4%
641.28 7.8% 2444 88 7.3%
810.50 8.1% 3090.04 1.6%
1146.58 24.0% 4371.32 23.8%
782.41 21.6% 2982.92 21.6%
782.51 22.2% 2983.31 22.2%
988.73 23.5% 3769.54 23.5%
710.63 5.9% 2709.26 5.4%
645.10 19.5% 2459.43 19.5%
644.93 18.6% 2458.79 18.6%
815.15 20.7% 3107.74 20.7%
713.09 18.9% 2718.67 18.7%
645.30 20.5% 2460.21 20.5%
645.20 20.0% 2459.82 20.0%
815.32 21.5% 3108.39 21.5%
310827.18 12135.20 13.5% 46265.46 13.0%
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Energy Consumption Comparison:

Q (kW) =Q(BTU/hr) x ( 1kW/3413 BTU/hr)

[ Wall__| __Floor | Summer | Winter | Summer kW % Winter kW %
0.2 5.5% 0.8 6.1%
0.2 7.9% 07 7.4%
0.2 7.8% 07 7.3%
0.2 8.1% 0.9 7.6%
0.3 24.0% 13 23.8%
0.2 21.6% 0 21.6%
0.2 222% 09 222%
0.3 23.5% 11 23.5%
0.2 5.9% 0.8 5.4%
0.2 19.5% 07 19.5%
0.2 18.6% 07 18.6%
0.2 20.7% 0.9 20.7%
0.2 18.9% 0.8 18.7%
0.2 205% 07 205%
0.2 20.0% 07 20.0%
0.2 21.5% 0.9 21.5%
3.6 13.5% 3.6 13.0%
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Appendix E — Dietrich Metal Framing QuickClip™ Product Data

Please see the following page for the Dietrich Metal Framing QuickClip™ Product Data.
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DEFLECTION

COMMNECTIONS

QuickClip” vertical slide
clip allows for vertical
building movement and
provides up to 3" of
horizontal standoff.

QuickClip™

-

Stud Size
Horizontal stand-off up to 3" Plus 5"

Quick installation—twist and fasten.

One-piece for right- or left-handed attachment.

Accommodates 1-5/8" and 2" flanges.

No shims or additional framing
components needed.

B Custom sizes available.
U.S. Patent No. 5, 836, 133 of BED Industries

Dietrich™ QuickClip~ vertical slide clips are used to attach
exterior curtain-wall studs to the building structure and
provide for vertical building movement independent of the
cold-formed steel framing. A QuickClip™ slide clip provides
variable standoff and eliminates the need for shims or
additional framing components. The QuickClip™ slide clip
simply twists into place and fastens to the floor/ceiling
beam. The clips restrict lateral movement, but enables the
curtainwall system to move vertically.

Alternative Products
Fast Strut” (FS12, FS15, FS24), Slide Clip (SD), FastClip”

Product Dimensions

Length: Stud size plus 5" (127mm)

Width: 2-1/2" (63.5mm) tail, 4" (101.6mm) overall.
Flange Support Tabs: 1-1/4" (31.7mm) x 15/16" (23.8mm)

Material Specifications

Installation

Gauge: 10 gauge (118 mils)

Design Thickness: 0.124 inches (3.155mm)
Coating: G60 (Z180) hot-dipped galvanized
Yield Strength: 33 ksi (230 MPa)

Insert QuickClip™ into open end of C-stud at a diagonal
and slide to horizontal support. Twist clip to horizontal
position engaging tabs. Plumbyalign stud and fasten clip to
horizontal support as determined by others.

ASTM: A 653/ A 653M

QuickClip™ (QC-Series™)

DMF Thickness Stud Weight/Piece Packaging
QC3 10 118 0.1242 3.155 3-5/8 0.940 0.426 50
Qc4 10 118 0.1242 3.155 4 1.160 0.526 50
QCe6 10 118 0.1242 3.155 6 1.460 0.662 50
QC8 10 118 0.1242 3.155 8 1.770 0.803 40

34 request a quote online @ dietrich *COIN The place to stop...before the building starts!™"



Curtain Wall/Bypass

(,5°U2S-D0) . dID}PIND

Allowable Loads for the 10 Gauge, 33 ksi QuickClip™ Typical Gonstruction Details
- Min Thickness | Yield Strength Allowable
Stud Type/Flange Width Stud Gauge (s =0 () Load (Ibs)
20 0.0329 33 277 [ srmrcme
18 0.0428 33 469 v o
16 00538 53 476 I
| 50 722 —_—
CSJ /1.625
14 0.0677 35 /54
) 50 837
33 837 JE—
12 0.0966 50 837
20 0.0329 33 84
18 0.0428 33 151 [ ———
16 0.0538 35 166
" 50 252
csw/ 2 e
14 0.0677 35 293
: 50 444
33 702
12 0.0966 50 837 ({) STUD ATTACHMENT
Table Notes
Visit our CAD Library at
1) Tabulated values do not include the 1/3 stress increase. — -
2)  The Quick-Clip is not recommended for use in areas controlled by seismic. [e[Eliglelg] Metalframing|-com
3) Tabulated values are based on 1" of weld on each side of the Quick-Clip as shown in the accompanying drawing. to view or download construction details
Use EGOXX electrodes. in .dwg, .dxf, and .pdf formats.

4)  Allowable loads based on 2000 psi minimum concrete.
5)  For technical service call Dietrich Design Group at 1-800-873-2443.

r

IETRICH
Available for Overnight Delivery, call 866-638-1908 MET ADL FRAMING 35

A Worthington Industries Company



FASTENING
- OPTIONS

Connections can be made using a variety of fastening options.
It is critical to specify the proper fastener to ensure the proper

performance of the connections used in light-gauge (cold formed)
steel construction. The most common and widely used connection
methods include screw connections, welding connections and
powder-driven fastener connections. Each type of connection
method has various advantages and disadvantages. Therefore,
we provide data for the three most common types so you can
choose your preferred connection method.

Screw Connections

Self-Drilling Screws are externally threaded fasteners with the ability to drill their own hole and
form, or “tap; their own internal threads without deforming their thread and without breaking
during assembly. These screws are high-strength, one-piece installation fasteners and are used if the
connection is multiple thicknesses of 33 mil steel or thicker. One of the more common self-drilling
screws is a #10-16 x 5/8 HWH SD, which indicates a 10 diameter shaft, 16 threads per inch, 5/8
length, hex washer head self-drilling screw.

Allowable Screw Design Values (Ib)

G Fy (ks) #8 Screws (.16" Dia) #10 Screws (.19" Dia) #12 Screws (.21" Dia) 1/4" Dia Screws
Shear Pullover | Pullout Shear Pullover | Pullout Shear Pullover | Pullout Shear Pullover | Pullout
20 33 129 154 56 140 231 66 147 309 73 158 309 84
18 33 191 201 73 208 301 86 219 401 96 234 401 109
16 33 267 252 91 293 378 109 308 505 120 329 505 137
16 50 267 382 139 373 573 165 467 765 182 499 765 208
14 33 267 317 115 373 476 137 435 635 151 465 635 173
14 50 267 481 174 373 722 207 533 962 229 693 962 262
12 33 267 453 164 373 680 195 533 906 216 693 906 246
12 50 267 686 249 373 1030 296 533 1373 327 693 1373 373
10 33 267 553 201 373 830 238 533 1107 263 693 1107 301
10 50 267 838 304 373 1258 361 533 1677 399 693 1677 456

Assumed screw head diameter is 3/8".
Screw ultimate shear capacity is based on Buildex DATA as a minimum. o ;
FastClip™ Deflection Screw

- . Average Ultimate Shear 2400 |bs
FastClip Deflt.ectllonWScrews. . NASPEC 2001 ASD Factor of Safety | 3.0
Many of the Dietrich™ deflection clips Average Allowable Shearload 800 Ibs

include our proprietary FastClip™

fastener that has been specifically The load value listed is for single shear. There maybe
other controlling shear failure modes specific to the

deSign_ed to provide fric’[i?”jfree application (e.qg. pull-through from slot, bearing failure)
deflection. These fasteners eliminate . which are to be considered seperately in the design of

drag, binding or resistance that can that perticular application.
often occur with common fasteners.

6 | \ o[Sliglela] netalframing| «com



Welded Connections

Fillet welds are used to make lap joints, corner
joints and T-joint connections. As the illustration
suggests, the fillet weld is roughly triangular in
cross-section, although its shape is not always
a right triangle or an isosceles triangle. Weld
metal is deposited in a corner formed by the
fit-up of the two members and penetrates and

Fillet welds

A Flare V groove weld is commonly used to join
two rounded or curved parts.

NOTE: For graphical clarity, the weld illustrations
do not show the penetration of the welded material.
Weld penetration is critical in determining the
quality of the weld.

Allowable Weld Design Values

fuses with the base metal to form the joint. (Ibs) per inch of weld
Flare welds, including Flare Bevel and Flare V, ) Welds
are used to join rounded or curved pieces. Gauge | Fy(ks) | ooy Flare
Flare V Groove
A Flare Bevel groove weld is commonly used 2C8> 33 *;’; *;*
- ; ; 1 33 4 405
to join a rounded or curved piece to a flat piece. Flare Bevel e = 606 510
16 50 721 510
. 14 33 762 641
Powder-Actuated Connections (e oS fodo |
o 12 33 1087 915
Powder-actuated or low velocity driven-fasteners are commonly used to attach cold-formed steel 12 50 1294 915
framing members to concrete or structural steel supports. Drive pins are used for permanent 10 33 1328 1118
attachments and are the most common type used for cold-formed construction. 10 50 1581 1118
*Based on E60XX electrodes.
Allowable Hilti* Powder-Driven Fastener Design Values in Structural Steel (Ibs)
Fastener Shank 1/8" Steel 3/16" Steel 1/4" Steel 3/8" Steel 1/2" Steel 3/4" Steel
Type Diameter | Shear Tension Shear Tension Shear Tension Shear Tension Shear Tension Shear Tension
X-EDNI 145" 230 110 425 455 620 800 680 810 605 850 545 500
DS 77" — — 795 390 625 620 780 780 810 560 — -

Shear values shall be checked against allowable bearing design values. The minimum value shall be used for design.
Tension values shall be checked against pullout or pullover values and the minimum value used.
Reference Hilti North America Products Technical Guide 2001 section 3.2.3.

Allowable Hilti* Powder Driven Fastener Design Values

in Normal Weight Concrete (Ib)

Fastener | Shank Min 2000 psi 3000 psi 4000 psi 6000 psi
Type |Diameter| Embed. | Shear | Tension | Shear | Tension | Shear | Tension | Shear | Tension
5/8" — — — — — — 60 45
" 3/4" 95 70 110 90 125 110 95 75
XDNI 145 1" 140 90 160 120 185 155 195 130
1-1/2" 230 165 280 190 335 215 = =
DS 177" | 1-7/16" | 250 150 285 205 330 275 — —
Shear values shall be checked against allowable bearing design values and the minimum value used.
Tension values shall be checked against pullout or pullover values and the minimum value used.
Reference Hilti North America Products Technical Guide 2001 section 3.2.3.1
Allowable Hilti* Bearing Against Sheet Steel Design Values (Ibs)
Pin Gauge and Yield Strength (ksi) of Connected Part
Diameter 20 18 16 14 12 10
33 33 33 50 33 50 33 50 33 50
0.145" 179 233 292 443 368 558 526 796 642 972
0.177" 218 285 357 541 450 681 642 972 783 1187

*Hilti is a registered trademark of the Hilti Aktiengeseilschaft Corporation.

Minimum Fastener Spacing and Edge Distances:

Light-Gauge Steel
N\ e ol

Minimum Slab
Thickness:

T

4
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Powder Driven Fasteners in Concrete

Minimum Fastener Spacing and Edge Distances:

Light-Gauge Steel\

}4;1 .5"4)‘ 5" ‘4

Powder-Driven Fasteners in Steel
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