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ARCHITECTURE

8-Story Luxury Apartment Building with 2 subgrade
parking levels

Gross Square Foot Area - 421,000 SF
212 residential apartment units

Spacious outdoor courtyard with a country club style
infinity swimming pool

Private Rooftop Terrace, fitness center, library and resi-
dent’s lounge

Brick, Cast-stone and Limestone exterior fagade

LEED Silver Rating

STRUCTURAL

Cast - in - place concrete columns, slabs, beams and re-
taining walls

Unbound two way post-tensioned slabs

12” concrete retaining wall supporting infinity pool
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Woodley Park, NW Washington, DC

Owner: JBG Companies

GC: Clark Construction Group, LLC

Architect: Cooper Carry

Landscape Architect: Michael Vergason Landscape Architects
Civil Engineer: A. Morton Thomas & Associates

Structural Engineer: SK&A Structural Engineers, PLLC

MEP Engineer: Integral-Group

Delivery Method - Negotiated $85,000,000 GMP
Construction Dates - 6/2011 - 472014

= West Hevation ' |

CONSTRUCTION SCOPE
Phase 1
e Demolition of Existing Parking Garage/Lot

e Construction of pedestrian tunnel to Marriot Wardman
Hotel

Phase 2
e Residential Construction
e 2 tower cranes used for to build superstructure
e  Fraco mast climbing work platforms and swing stage
scaffolding used for exterior fagade construction
MEP SYSTEMS
2 Rooftop Mechanical Penthouses

{2) 25,000 CFM MUAU’s and (1) 2,450 GPM Cooling
Tower

WSHP’s for every residential unit

CVPC Fire Suppression Piping
208/120V Service Feed

{1) 4,000A and (2) 2,500A Switchboards

Electrical room every floor
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Executive Summary

Over the course of 2013 and 2014 academic year the following four analyses were performed for the
Wardman West Residential Project located in Northwest Washington, DC. The main theme throughout
these analyses was the implementation of an architectural precast concrete wall panel system in lieu of
the lagging existing brick veneer wall system construction. The intended results of this proposed change
was to save the owner money and accelerate the project schedule.

Analysis 1: Prefabrication of Brick Exterior Skin

This analysis investigated the use of architectural precast concrete wall panels in lieu of the building’s
existing hand-laid brick veneer wall system. The ultimate goal of this analysis was offer the owner
schedule and cost savings with the lower material cost and faster erection and installation time
associated with architectural precast concrete panels. The erection of the precast concrete wall panels
would allow the building’s wall system to be completed 88 days faster and reduce the overall building
enclosure schedule by over a month at 31 days. The implementation of precast concrete wall panels
would also save the owner approximately $737,000 with a total cost of $3.4 million, an 18% reduction in
cost from the existing brick veneer wall system’s total cost of $4.1 million, and furthermore, a 4.8%
reduction in the overall cost of the building’s exterior enclosure.

Analysis 2: SIPS

A SIPS or Short Interval Production Schedule was developed for both for the original exterior brick work
and for the erection of the proposed architectural precast concrete wall panels from the first analysis.
Each scope of work will include a SIPS matrix schedule used to track the completion of construction
zones and also a revised project schedule. The brick SIPS significantly improved the workflow of
construction by optimizing manpower, which resulted in reducing the schedule by 12 days to 133 days,
compared to the original brick work duration of 145 days. The APC Wall Panel SIPS also saved time to
the project schedule by reducing the overall estimated duration for panel erection at 57 days down to
54 days.

Analysis 3: Safety Evaluation

To effectively evaluate the safety concerns associated with the erection and installation of precast
concrete wall panels, an in-depth scoring comparison was performed with traditional brick masonry
installation, as well as the creation of an Activity Hazardous Analysis. While, precast concrete wall panel
erection resulted in a higher risk construction activity, both brick and precast wall panels have a
significant amount of safety concerns when performed. With the help of this scoring comparison
breakdown; the required training, inspections, PPE and concerns are identified. Also, the Activity Hazard
Analysis specifically created for precast concrete wall panel erection and installation, would also benefit
safety coordination on the project and ensure site safety is maintained.

Analysis 4: General Contractor Implementation Study for APC Wall Panels

The fourth analysis performed was a study investigating the implementation of architectural precast
concrete wall panels as building enclosure system. The study resulted in an in-depth guide for general
contractors on product selection, project team responsibilities and logistics. The practicality of the study
allows it to be used as a tool for general contractors to reference when deciding on or coordinating the
use of architectural precast concrete wall panels on a project. Overall, the implementations study
would be beneficial to the general contractor, Clark Construction, on the Wardman West Residential
Project if the building’s exterior brick veneer walls were substituted with architectural precast concrete
wall panels proposed in the first analysis.
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Project Background

Wardman West Residential a is new construction building located in the Woodley Park neighborhood of
Northwest Washington, DC, located only block from the Woodley Park-Zoo Metro station. This JBG
Companies owned project is an eight-story mid-rise luxury apartment building. It features 212 high-end
apartment units with 288,500 square feet of residential space and a two story below grade parking
garage with 272 parking spaces. The building will also include a fitness center, clubroom lounge, library,
outdoor courtyard with a country club style infinity swimming pool and landscaped rooftop terrace.

The project delivery method for Wardman is a Design-Bid-Build with a negotiated guaranteed maximum
price contract. Clark Construction Group, LLC was awarded the construction of building as the general
contractor for a total cost of $88 million including the over 421,000 gross square feet of work, resulting
in a per square foot cost of $209. This high cost per square foot can be attributed to building’s high end
luxurious exterior facade and residential unit finishes.

The construction schedule for Wardman is approximately 23 months long, with construction starting
June 16, 2011 and substantial completion set for March 14, 2014. The building’s eight-story structure is
made entirely of cast-in-place concrete and two-way post-tensioned concrete slabs. The building’s
exterior skin consists of hand laid brick, prefabricated Indiana limestone and cast-stone. The
construction phase of exterior skin masonry is a driving force for the project’s schedule and will be the
main focus of this thesis proposal, specifically the exterior brick masonry. The total duration for the
exterior skin construction of the building is approximately one year spanning 252 working days. The
below Figure A shows a rendering of Wardman West looking at the Northeast corner of the building.

Figure A: Rendering of Wardman West Residential. Courtesy of JBG Companies.
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Existing Conditions

Located in the heart of Northwest Washington, DC only a block away from the Woodley Park/Zoo Metro
Station, The Woodley’s site is accessed by Woodley Road off of the 2700th block of Connecticut Avenue.
The existing conditions result in a very compact site with a boundary converging close to the existing 10
- story Marriot Wardman Hotel. A temporary site road was built to access the site’s East, North and
West staging areas allowing for material deliveries and limited on-site traffic and parking. The site’s only
gate was located across from Woodley Road’s intersection with 27th Street; this made deliveries a key
scheduling and logistical challenge with large trucks and tractor trailers needing to park along Woodley
Road, often interfering with pedestrian traffic feeding in and out of the existing Woodley Park Hotel
Complex.

Project Delivery

The Woodley’s delivery method was unique in the fact that it was a negotiated GMP bid at
approximately $85 million between Clark Construction and JBG Companies. This allowed Clark to
procure many repeat subcontractors helping to build relationships for future work. An interesting
aspect of the project's delivery method is the use of Third Party Exterior Skin Consultants by both Clark
and the architect Cooper Carry to maintain checks and balances during construction, due to JBG holding
very stringent quality control requirements for the buildings very intricate and expensive fagade. Figure
B below illustrates the project delivery and contract system used for the construct of Wardman West.

Figure B. Project Delivery and Contract System Chart
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Schedule

An interesting aspect of the project schedule was that it was actually bid out in two phases. Phase 1
being the demolition of the existing parking garage and lot along with the construction of a pedestrian
tunnel connecting to the existing Marriot Wardman hotel. Phase 2 was the actual construction of the
residential building starting in early June of 2011 and needing with substantial completion by early
March of 2014.
building was a continually lagging activity that was a critical path activity due to interior finishes being
dependent on the building being water and air tight. A complete project schedule for the construction
of Wardman West is shown below in Figure C.

It is worth noting that the masonry activities to construct the exterior skin of the

Figure C. Wardman West Residential Project Schedule
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The total cost for the project was budgeted at $88,083,000 or $209.22 per square foot. This total cost
includes all sitework and excavation as well as the construction of the two sub-grade parking garage
levels and mezzanine fitness center. Figure D below shows the project cost breakdown.

Figure D. Wardman West Project Cost Breakdown

Project Cost Breakdown

Cost

Cost/SF

Construction Cost $80,916,000 $192.20
Total Project Cost $88,083,000 $209.22
Building Systems

Structure $11,065,000 $26.28
Mechanical $9,947,000 $23.63
Electrical $6,740,000 $16.01
Enclosure $15,297,000 $36.34
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Building Systems Summary

Architecture

The design of Wardman West Residential features a cast-in-place concrete structure with a brick and
stone exterior facade. The structure includes eight above grade stories sized at approximately 35,000 SF
with a total of 212 high-end luxury apartment residencies, as well as three below grade parking garage
levels with a fitness center and 272 parking spaces. All residential units include hardwood floors,
kitchen aid architect series appliances, raised panel wood carpentry and stone, stone countertops and
balconies. For select units a landscaped and heavily shaded private-rooftop terrace will be accessible.
The site will include an expansive outdoor courtyard with landscaped walking paths, featuring a country
club style swimming pool with an infinity edge. The buildings ground floor will also include a library,
residents lounge and club room. Figure E below shows a rendering of the building’s rooftop terrace
looking east.

Figure E. Rendering of Rooftop Terrace. Courtesy of JBG Companies

Building Enclosure

The exterior facade of the building requires extremely intricate masonry construction calling for three
main veneer materials: brick, cast stone and limestone. The prefabricated cast stone and limestone
pieces are anchored with engineered stone anchors adhesively attached to rigid insulation between sill
joints. The brick is anchored with masonry tiebacks 16" OC vertically and horizontally, with a 4" pintel
tying the brick veneer to the sheathing through elf drilling fastened tie back plates. Two forms of
scaffolding were utilized for masonry construction of the building’s exterior facade. Swing stage
scaffolding was used on the south elevation due to a lack of ground staging area and the remaining
North, East and West elevations using FRACO Climbing Work Platforms, allowing for a drastic reduction
in scaffold installation time, in turn accelerating the already slow paced exterior masonry schedule.
Excavation of the building’s spread footings and two sub-grade parking levels required a soldier pile &

lagging support system for its pit.
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Demolition

Wardman West Residential’s site required demolition of an existing multi story parking garage and the
pavement of its surrounding parking lot. The sites existing conditions also called for the removal several
retaining walls, elevated concrete walks, service gates and booths, vegetation and underground utility
lines. Materials removed during demolition were predominantly concrete and asphalt
pavement. Asbestos abatement was performed for the existing parking garage and contracted out to
ACM Services, Inc. by JBG Companies.

Structure

Wardman West Residential’s entire below grade and above grade structure is composed of cast-in-place
concrete for all slabs, columns, foundation walls, shear walls and retaining walls. Parking levels P3 and
P2 have a 5” thick normal weight 5000 psi slab-on-grade. The upper most parking level P1 and its
Mezzanine, as well as the buildings first floor, have a 8" thick 5000 psi normal weight flat slabs with
10’x10°x5 %’ drop panels. Floors 2 through 7 have 7 %" two way post-tensioned 5000 psi normal
weight concrete slabs with the 8th floor calling for a thicker 10" two way post-tensioned slab at the
same type and strength to accommodate its higher floor to floor height. The roof slab is also a two way
post-tensioned 5000 psi normal weight concrete slab system but at a slightly thinner thickness of
9”. The two rooftop mechanical penthouses are supported with light gauge bearing walls calling for 6”
deep 18 gauge metal studs 16" OC. Their respected roof systems are supported by light gauge trusses
spaced 4’-0” OC. The building’s shear walls enclosing all elevator pits and stairwells are all 12" thick
made of 6000 psi normal weight concrete for floors P3 through the first floor and 5000 psi normal
weight concrete for the 2nd floor up to the roof.

Mechanical

Two mechanical penthouses sit atop the building’s roof level servicing the buildings Cooling and Heating
Water-to-Air System. The smaller north penthouse houses one of the two 25,000 CFM MUAU’s which
services half of the buildings water source heat pumps sized from 200 to 1500 CFM in corridors and
apartment units. Located in the south penthouse is the other MUAU and a 2,450 GPM Cooling Tower,
which cools all of the buildings water source heat pumps. There are also two 270 GPM gas boilers, one
in each penthouse, which service the two MUAU’s and WSHP’s.

Electrical

The buildings main service feed comes from PEPCO by three main duct banks with 4 #750AL 4”C
feeders which is stepped down into three 208/120V main switchboards, with two sized at 2500A feeing
3000A main busses and the other at 4000A feeding a 4000A main bus. From these three main busses
36 panel boards sized at either 100A or 225A feed the building’s apartment units’ and other spaces'
panel boards.
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Depth 1: Prefabrication of Brick Exterior SKin

Problem Identification

One of the major potential problems during the construction of the Woodley was the lagging brick
masonry construction for the building’s brick exterior fagade. Brick accounts for 52% of the building’s
exterior skin envelope at approximately 76,225 SF of the total 147,450 SF. Windows were installed prior
to exterior skin masonry, which eliminated brick from the construction schedules critical path. But brick
masonry work was running behind schedule and becoming a risk to project completion. Brick masonry
is typically a slow moving construction activity for any building’s exterior due to the high level of
craftsmanship and physical intensity of putting the material in place. Many building projects in the
Washington, DC metro area, in particular residential apartment buildings and high-rises, call for brick
exterior facades in their designs. Consequently, this demand for brick masonry has become a major
challenge in general for project teams to maintain their construction schedules with the known
problems of keeping the activity up to speed.

Analysis Goals

To effectively solve the problem of running behind schedule due to brick masonry construction this
depth will analyze the use of prefabricated architectural precast concrete panels in lieu of the building’s
current hand-laid brick wall system. The ultimate goal of this analysis is offer the owner schedule and
cost savings with the lower material cost and faster erection and installation time associated with
architectural precast concrete panels. Detailed cost savings and schedule acceleration analysis will be
performed to provide this benefit to the owner.

In addition to schedule acceleration and cost savings, this analysis will also aim to provide a better
quality product for the building’s exterior skin through the architectural precast concrete panel chosen.
The product chosen should provide a more sustainable lifespan than traditional brick masonry with
superior thermal energy performance characteristics, while also not deterring from the intended
architectural aesthetics of the owner and architect. To achieve a suitable match for the look of the brick
color used for the hand-laid brick masonry an appropriate face brick or thin brick product will be chosen
to accompany the precast concrete panel product selected.

Site logistics will also be analyzed to determine if current crane sizes and locations are sufficient for the
weight of panels and pick locations associated with erection and installation. Constructability will be
examined as well to determine if a structural redesign is necessary through performing a structural
analysis breadth. This breadth will analyze the new gravity loads placed on the building’s foundation
through the use of the precast concrete panels and determine if a concrete slab or foundation redesign
is necessary. Constructability will also be examined by performing a mechanical breadth testing the
thermal energy performance of the selected architectural precast concrete panel product in comparison
to the current brick wall system of the building. This will ensure the aforementioned superior quality
intended through the chosen panel product during the selection process.
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Process

Preliminary Research

1. Architectural Precast Concrete Benefits

Aesthetics

When considering a precast concrete panelized system for a building’s exterior envelope there are
virtually an unlimited amount of options with unique aesthetic treatments to achieve a desired
appearance. In particular, architectural inset thin-brick precast panels can create the specific
appearance that an owner desires, while providing added benefits that masonry design and construction
cannot. Thin-brick manufacturers often have close relationships with local precast concrete suppliers
providing the advantage to owner or architect of being able to closely match an exterior brick masonry
design with a thin brick color and texture. From a material cost standpoint, thin-brick is much cheaper
than using a full face brick veneer and when prefabricated it provides significant economic advantages.

Using a thin-brick face significantly reduces the long scheduling needed to complete the intense labor of
hand-laid brick while eliminating the cost and removal of mortar waste. Figure 1.1 shows an
architectural precast concrete panel featuring a thin-brick facing. The prefabrication process of the inset
thin-brick allows for a high-quality product that is evenly spaced without the associated imperfections
with tradition masonry. Thin brick allows for materials to be used more efficiently, avoids problems
with incorrect installation of weep holes, eliminates inconsistent labor and craftsmanship, weak mortar
joints, and the effects of efflorescence. The prefabrication process also eliminates the need for on-site
inspections which are taken are performed at a precast concrete plant. This ensures that a superior
product arrives on site, eliminating masonry quality control and any incurred costs.

Figure 1.1. Thin-brick precast concrete panel. Courtesy of PCI.
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Product Quality & Durability

As mentioned before there are advantages to the prefabrication process used when casting concrete
panels in the closed environment of a plant. Factory controlled conditions offer the elimination of
adverse on-site weather conditions, while providing temperature control for concrete curing,
computerized factory batching and rigorous quality control that cannot be matched using on-site
construction. Figure 1.2 illustrates this quality control process. Usually precast concrete plants will also
be subject to semi-annual unannounced extensive quality audits by third party engineering firms as part
of quality control protocol. In addition to this in-house inspection, precast concrete suppliers must also
be certified based on Precast Concrete Institute (PCl) standards.

Architectural Precast concrete panels also require relatively low maintenance compared to traditional
brick masonry. Panels require caulking only every 15 to 20 years to maintain the required level of
performance, which is minimal upkeep in comparison with brick mortar joints. Precast concrete panels
will also continue to gain strength, resulting in long-term cost savings and sustainable building value to
an owner. When using panels for a building envelope there is a reduction of locations for moisture
penetration, helping to prevent damage to interior finishes due to mold. Both solid and insulated
sandwich (a 3”-2”-3” system where two concrete wythes enclose a layer of rid insulation) panels usually
have the option of a pre-finished interior surface that can even be painted which eliminates the need for
backup framing.

Figure 1.2. Precast plant quality control. Courtesy of PCI

Energy Performance

Precast Concrete panels offer the distinct advantage of having a high thermal mass which results in a
high insulating value. This characteristic can also be enhanced with the use of a built in layer rigid
insulation, usually between 2” and 3”, present between the two precast concrete wythes of the panel,
this system is also known as a “sandwich” high performance panel. These insulated precast concrete
panels often generate greater thermal gradient performance R-Values than that achievable with
traditional masonry walls of equivalent thickness. On a greater scale, precast concrete panels can
potentially reduce peak HVAC loads and minimize the total heating and cooling load on a building. Peak
hours have been shown to shift to later hours of the day, reducing energy costs. The stated high thermal
mass property of precast concrete also allows the material to absorb the heat gains produced by
occupants and equipment on the inside of a building.
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Cost Savings

There are many opportunities for cost savings when using precast concrete panels as far as material and
construction efficiency. Precast concrete can imitate the appearance of more expensive masonry
materials such as marble or limestone, resulting in significant cost savings. Veneers like the
aforementioned thin brick can also be built into the exterior face of panels replacing full faced blocks of
stone or brick. This lowers the cost of material while also eliminating on-site masonry labor, which
consequently will accelerate a construction schedule.

As mentioned, precast concrete panels are prefabricated in closed factory-controlled environments
where harsh weather conditions do not impact construction. By eliminating the effect of adverse
weather during the fabrication process, panels can be erected year round and even during the cold
winter months. By increasing efficiency through the erection and installation process in the field
construction can fast tracked benefiting tight project schedules.

Schedule Acceleration

One of the most apparent benefits to using precast concrete panels is the speed of construction and the
potential schedule acceleration that can be achieved. The design process takes less time due to the
repetitive nature and lessened amount of detail required for a panelized system. PCl has standardized
design for precast concrete, including wall panels, allowing quick and less complex detailing from a
structural standpoint. Precast subcontractors often have experienced in-house engineering services
that if brought on early during the coordination process can implement design expertise that will avoid
potential problems in field that can delay construction.

The fabrication process for precast concrete panels can start long before exterior masonry construction
can ever begin in the field. Production of panels can even start as early as permitting and foundation
work allowing erection and installation to commence during the construction of a building’s
superstructure or immediately after its completion. The erection process itself is also exponentially
faster than traditional masonry construction allowing a project team to meet watertight milestones for a
building’s exterior much more quickly. One of the unique features of the insulated sandwich panels is
the option of having finished interior wall that can be “paint ready”, avoiding the cost and time of
furring and hanging drywall. Another schedule acceleration advantage to the finishing process for
precast concrete panels is the wide variety of colors and textures of architectural veneer that can cast
into the panels during fabrication at the plant.
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Product Selection

1. Existing System Analysis

To effectively select an architectural precast
concrete panel product the current brick wall
system used for the building must be
understood. Starting from the exterior the
building, Glen Gery 52-DD Standard bricks (2-
1/4” by 3-5/8” by 8”) were laid using a
running bond set in a 3/8” grapevine mortar
joint (reference Figure 1.4) with tieback
anchors 16" on center. Flamingo Brixment
Type “N” Portland Cement and Hydrated
Lime blend was used for mortar. Weep holes
were located at the bottom course of brick,
such as, any brick ledges, relieving angles,
and loose lintels. A 2” by 10" mortar net was
also located at relieving angles and loose
lintels to catch mortar droppings and to allow
moisture to pass through the weep holes

, : (reference Figure 1.5) and drain out through
the masonry cavity. A drip edge was set directly on the L6x8x3/8 relieving angles protruding 1/4” past
the face of the brick beneath it, using Air-Bloc 31 MR compatible Henry Blueskin Thru-Wall Flashing. A
3" Dow Styrofoam Scoreboard EPS was used for rigid insulation in front of a permeable air barrier
system that separated the 5/8" exterior gypsum sheathing. This gypsum sheathing was then fastened to
4” x 1 5/8” 18 Gauge Cold-Formed Metal studs at 16" on center. An exterior mock-up of the existing
wall system can be seen in Figure 1.3 above. These main components of the brick masonry wall design
can be referenced in the wall section and typical relieving angle details found in Appendix A.1.

Figure XX. Exterior Mock-Up courtesy of Clark

Construction

Figure 1.4. Grapevine Mortar Figure 1.5. Weep Hole
Joint courtesy of Clark courtesy of Clark
4

\
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2. Product Selection

charboncast” i s

CarbonCast Insulated Architectural Cladding

The CarbonCast Insulated Architectural Cladding, Figure 1.6. CarbonCast Insulated Architectural
patented by AltusGroup, was chosen as the Cladding. Courtesy of AltusGroup

product to be used for the precast concrete wall
panel system. AltusGroup is comprised of a group
of the precast concrete industries largest
manufacturers and the C-GRID carbon fiber grid
developer Chomarat North America.
AltusGroups’s focus is to develop CarbonCast
technology and make it available to across North
America. CarbonCast technology has allowed
AltusGroup to produce a precast concrete panel
that weighs 40% than that of a typical 6" thick
solid precast concrete panel.

The CarbonCast insulated architectural cladding
panels consist of two concrete wythes that are thick separated by a layer of EPS, XPS or Poly Iso rigid
insulation, which is similar to most insulated “sandwich” wall precast systems. However, the innovative
C-GRID carbon fiber grid creates a shear connector between the two concrete wythes, which allows the
panel to act as a structurally composite piece of concrete with wythes having a minimal thickness of 1
%". A vertical and horizontal panel section can be referenced below in Figure 1.7 and 1.8 and other
details including: miter corner connections, butt corner connections and butt joints can be found in
Appendix A.2.

Figure 1.7. Vertical Section Detail. Figure 1.8. Horizontal Section Detail.
Courtesy of AltusGroup Courtesy of AltusGroup
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C-GRID is a non-corrosive epoxy coated composite grid made of cross-laid and superimposed carbon
fiber, making its tensile strength over four times higher than steel by weight. This C-GRID technology
also allows eliminates almost all thermal transfer allowing the rigid insulation to reach its full R-value of
8 or greater. Below some of the main benefits to CarbonCast technology are listed:

e Reduced load on building superstructure/foundation

e Lower transportation cost — lighter panels allow more panels to travel on one flatbed load
offering better fuel consumption

o Smaller cranes can be used to pick and erect CarbonCast panels due to their lightweight design
e Lower carbon footprint
e Aesthetic Versatility

e Meets ASHRAE requirement for continuous insulation

As mentioned above CarbonCast insulated wall panels provide wide range of aesthetic options.
Architectural facade elements such as window headers and sills, cornices, bullnoses and reveals can be
cast into the concrete during the fabrication process of the panels. Embedded veneers such as thin brick
or simulated limestone or granite can also be used instead of full blocks to reduce raw material usage.
Another beneficial characteristic of CarbonCast Insulated is that it can be specified to have a prefinished
interior concrete wythe that undergoes a steel trowel treatment allowing it to be smooth and durable
surface ready for drywall or paint covering.
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3. Thermal Energy Performance Study (Mechanical Breadth)

To ensure that the CarbonCast Insulated Architectural Cladding product selected had a thermal
performance that meets the specifications required for the existing brick wall system a thermal energy
performance study was performed. This thermal performance study consisted of calculating R-Values
and a condensation analysis for the existing brick wall system and the proposed CarbonCast product.

H.A.M. (Heat, Air and Moisture Toolbox) a Quiroette Building Science Software product was used to
calculate preliminary R-values and perform the condensation analysis. Figure 1.9 below illustrates the
climate conditions used for the Washington, DC area and Figure 1.10 shows the H.A.M. results for the
existing brick wall system, followed by Figure 1.11 showing the CarbonCast product

R-Value Analysis

Figure 1.9. H.A.M. Simulation Climate Conditions

CLIMATE CONDITIONS
winter Summer
Temp(°F) RH{26) Temp("F} RH(%)
Indoor| 70 |[ 25 | | 75 | 50 |
Outdoor| 15 || 70 | | 95 | 57 |
City |washington. DC -

Figure 1.10. Existing Wall System H.A.M. R-value Simulation Results
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! ! 5 poly film. { 4mil) 0.00 0.12
E}J‘gt ;!7 A - 80 6 gypsum bd.. 5/8 in_. (¥2) 0.63 0.46
o O = il e ow
i - g -
. 3 9 |gypsum bd., 6/8in.. (#1) 0.63 0.46
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0. = Lo 13.30 19.11
0 4 8 12
| —=\Winter — Summer |
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Figure 1.11. CarbonCast H.A.M. R-value Simulation Results

(°F) WALL SECTION & (°F)
TEMPERATURE GRADIENTS
160 =171 —._ 160
140 - = @ 140 , : :
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78 . 6 |concrete wall. 4in. 4.00 058
60 1 f1: - 60 7 poly film. { 4mil) 0.00 0.12
1§ 8 gypsum bd. 5/8 in., (#1) 0.63 0.46
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20{ glia.] Z, 10
A | 11
0 .. L o 12
L 1 Total or (Layer 0) 12.63 18.24
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20 0o 4 1200 13“ 2
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Results for the preliminary R-value comparison using H.A.M. show that the R-value for the CarbonCast
product is slightly lower at 18.24 than the existing wall system’s value at 19.11. This lower R-value for
the CarbonCast product selected is a rough estimate for the actual R-value of the products wall section.
The software has constraints where a limited amount of materials can be selected with pre-determined
R-values. For instance, a minimum of 4 inch concrete wythes were available for selection, whereas, the
actual product has 1.75 inch concrete wythes. Also, only a 3 inch rigid simulation material with an R-
value of 15.41 could be selected when the actual CarbonCast product as a 2” XPS rigid insulation board
with a 16.8 R-value. To more accurately perform this thermal gradient R-value comparison, the two wall
systems’ actual R-Values were hand calculated and totaled in the tables on the following page, shown in
Table 1.1 and Table 1.2.
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INIEIPLEVE [FINAL REPORT]

Table 1.1. Existing Wall System R-value Calculations

Thickness | Density k C R-Value
(in.) (Ib./ft’) | (conductivity) | (conductance per Inch
or 1/k) Thickness

| Ext. AirFilm | ______
56-68 15-.18
______
______
______
______
[ Int. AirFilm |

] ______
14.25 19.094
2

Table 1.2. CarbonCast R-value Calculations

Thickness Densit k C R-Value R-Value

(in.) y (conductivity) | (conductance per Inch
(Ib./ft’) or 1/k) Thickness

Ext. AirFilm | _-____
120 5.6 6.8 15-.18 .09
_-____
150 10-20 .08-.14 245
_-____
150 10-20 .08-.14 245
_-____
[ Int. AirFilm | _-____

_-____
U-Value (1/3R-value)
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Based on the results from the above R-Value tables the CarbonCast product came closer to having a

thermal performance R-Value that meet the existing brick wall systems approximate R-Value of 19.
Although the CarbonCast product’s R-Value was slightly lower than the existing system at 18.9, the
architectural benefits of using a thinner wall system at approximately 8.125 feet compared to the
existing system’s 14.25 feet thickness, increases the overall square footage of apartment units and
potentially has cost savings benefits.

Condensation Analysis
H.A.M. was also used to simulate condensation in both winter and summer climate considerations for

the existing brick wall system and the proposed APC wall panel system. The simulation software created
vapor pressure gradients per the two respected wall systems. Figure 1.12 and Figure 1.13 below show
the winter and summer condensation simulation analysis results for both wall systems.

Figure 1.12. Existing Wall System H.A.M. Condensation Analysis

Winter Climate Conditions Summer Climate Conditions
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=}
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= o
0.45 ' g 0.45 0.90 | |Y2P— 4 0.90
7
0.30 m | . 0.30 0.60 Z 0.60
0.15 Ei /i 2‘;’?,'?, 045 0.30 '% 030
0.00 :|E|:——§E E35:I/| 000 0.00 | =l : 0.00
0 4 8 U2 e 0 4 8 Y12 6
[ ..No Condensation.... | [ ....No Condensation.... |
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Figure 1.13. CarbonCast Product H.A.M. Condensation Analysis

Winter Climate Conditions Summer Climate Conditions
) WALL SECTION & VAPOR ) WALL SECTION & VAPOR .
(in.Hg (in.Hg PRESSURE GRADIENTS (in.Hg
1.35 2.70 - ___ . 2.70
1.20 2.40 @ @ 2.40
1.05 2.10 4] 2.10
0.90 1.80 1.80
0.75 1.50 aLl | 1.50
0.60 1.20 1.20
0.45 0.90 _ 0.90
0.30 0.60 0.60
0.15 0.30 0.30
0.00 M- | 0.00 MUK = L 0.00
0 4 8 1240 16 0 4 8 12 16
[ ...No Condensation.... | | ...No Condensation.... |

Both wall systems performed well under the H.A.M. condensation simulation for both winter and
summer weather conditions. Neither wall system resulted in a dew point or condensation point where
the saturated vapor pressure gradient and the partial vapor pressure gradient meet. There is always
some amount of water vapor in the atmosphere, and this amount of water vapor will typically be
different on the inside of a building from that on the outside. This results in a water vapor drive across
the boundary between the two locations. For these reasons it is important to design and select exterior
wall systems that take into account subtle differences in atmospheric conditions, in particular the
correct placement of a vapor retarder to capture for block moisture from entering into a building. Vapor
retarders should strategically be placed at the anticipated dew or condensation point within in a wall or
the location where the saturated and vapor pressure gradients come closest to intersecting.

Complete H.A.M. simulation results can be referenced in Appendix A.3.
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4. Design Considerations and Installation
Architectural precast concrete panels are connected to a buildings structure through either a spandrel-
column system or a stacked gravity load system. A spandrel and column design or non-stacked system is
a more flexible approach that allows for more shape flexibility and complexity, allowing greater story
heights to be covered because panels are not stacked. However, this design system incorporates
smaller panels at a greater amount which can incur a higher cost, as well as a more demanding
expensive connection design. Gravity loads are also transferred to columns or slabs and not to footings,
consequently if a buildings superstructure needs to be re-designed to accommodate these addition
loads it can potentially add further cost fluctuation.

A stacked system does not apply gravity to a buildings structure only applying lateral pressure, wind and
potential seismic loads through the panel connections to a building’s slabs and columns. This technique
often will offer a more typical appearance and shape of an exterior masonry building envelope. The
fabrication and erection process is also usually cheaper and faster due to a more repetitive sequence.
The overall gravity load applied to the building’s foundation does however have to be considered when
using a stacked-system to verify if a foundation re-design is required.

Figure 1.14. Series 4500 Slotted Insert. Figure 1.15. Series 6000 Slotted Insert.
Courtesy of JVI Courtesy of JVI

[ INSERT | ULTIMATE | ULTIMATE | AVAILABLE | T INSERT | ULTIMATE | ULTIMATE | AVAILABLE
TYPE PULL OUT SHEAR ADJUSTMENT | TYPE PULL OUT SHEAR ADJUSTMENT

| CAPACITY | CAPACITY | b | CAPACITY | CAPACITY | .
| 4525 | >13,4001bs. | >20,000bs.|  2-7/8" 8025 | >13,4001ks. | 2000015 438
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For both a spandrel/column or stack design system precast panels require certain lateral attachment
hardware to tie into a building’s superstructure. Examples of PSA slotted inserts from JVI, a
manufacturer approved by AltusGroup for use with CarbonCast products, are shown on page 12 in
Figure 1.14 and Figure 1.15. A full catalog for the JVI PSA Slotted Inserts can be referenced in Appendix
A.4. PSA slotted insert devices are adjustable lateral tieback connection devices cast into precast
concrete panels. Slotted inserts are connected at a rate of two per floor for each panel, which is
illustrated in Figure 1.16 below. In locations where the next panel cannot be connected directly to a
buildings slab, inserts can be used to connect the panel to panel as shown in Figure 1.17 below.

Figure 1.16. Panel-to-panel connection. Courtesy of Virginia Stone, LLC
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Figure 1.17. Lateral connection locations. Courtesy of PCI

[ ] [ ) Column cover options
{b) ]
o o o
Ve oV
Y v
(a) Wall Panel
Veooy|
¥ Bearing Connection bl
® Tieback Connection
(d) Spandrel Panel
Ve ¢ Optional oy
for long panels
] [ [ ]

Kevin R. Kroener | Depth 1: Prefabrication of Brick Exterior Skin



Logistics & Workflow Sequence

1. Transportation Logistics

The delivery process for precast concrete panels is a very crucial aspect of transportation logistics.
Precast concrete panels are shipped to a construction site on either flat bed or low deck trailers. Panels
are erected right from the A-Frame of a flatbed or low deck trailer by a tower or mobile crawler crane. A
low deck trailer is shown in Figure 1.18 below. Panels have built-in anchoring devices which allow this
immediate pick process to happen. Before delivery to a construction site can even be considered, local
transportation regulations must be taken into consideration. Most precast panels that are 12’ wide by
40’ long (which will be the maximum size used for this analysis) can be delivered without any special
permits. Panels greater than 13’-6” wide by 50’ long usually will require tilt frame trailers, requiring
special permits and escorts. One of these special tilt frame flatbed trailers is shown in Figure 1.19
below.

Figure 1.18. Low-deck trailer Figure 1.19. Tilt-frame flatbed trailer

Panels will not be stored on site due to the lack of space for staging and delivery present on Wardman
West’s construction site. This is common practice for the typical tight constraints of residential
construction projects in a metropolitan area such as Washington, DC. On-site safety and potential
hazards to damaging panels also contribute in choosing not to store panels on site. When taking into
account that typical erection rates for panels range from 6 to 8 pieces a day, day to day delivery and
erection will provide a more efficient work flow by eliminating a buildup of un-erected panels stored on
site.

One of AltusGroup’s recommended members and manufacturers is Oldcastle Precast Building Systems,
who manufacture and supply the Insulated Architectural Cladding Product selected for this analysis.
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Oldcastle is conveniently located in Edgewood, Maryland which is the closet location for a CarbonCast
manufacturer in respect to Washington, DC. Figure 1.20 on the following page displays the shipment
route from Oldcastle’s plant to Wardman West's site in Northwest Washington, DC.

Figure 1.20. Panel Delivery Route

| 140 S
Libertytown : (o7 > Cockeysville
26 g Perryman
Franklinville Reistérstown 20 Y
i Kingsville oy
Linganore - =4 4
Woodville Owiings Mills githerville River
Eldersburg Towson{ a1 | Perry Hall f
o f 4 % Proving Ground
Mount Airy Rikesville Parkville Whitepflarsh Station S R VegH
27 Randallstown 3 . G”’f‘;;‘-‘d’-"
Lisbon Lach G Middle River "%
ochearn (151 = o
West Friendship ] I . Essex Iskarid
Damascus W Ba tl m O r = Back
Ellicott City ~ Catonsville Dundalk ‘giver Hatt
Waller
e i z; Baltimore parads Edgemere lsland
279 Highlands
32| Columbia fidge | “.Pumphrey. G5
fermantown o Ferndale [
Montgomery Village ey Ashton _Fulton Jessup' o Glen Burnie
eca Gaithersburg se \ Green Haven
vern
ek — o Fort South.Gate Rock Hall
pie: 128 200) ‘ Meade
rk \ Cloverly (198 Yaurel Marland City Pasadena. Lake Shore
Rockville  Aspen Hill Fairland Fort _Odenton Severna ParkcMadothy C/R’f’;;:"
A o River
295 e Sevem
Wheaton River Capg St Eastern
- h ; : Arnold Claire Neck
JPotomac /. nomth Kensington Palreylls : Iland
eat Falls Silver ‘Adelphi- - Greenbelt frofion ose
i {50
. Bethgsd§ Spring College Park \ kGIenn Dale =b3aE Anrapbils i
3 ! B Sl Lan’::”;oo Bowie Riva Grasonville
Tysons Nctean B nt Hyattsville s Kent Grab Prospect
: ( ) stand /
SO P ) /“palmer Park  Mitchellville 2 )7 Istand o Bay e
Vienna . ay Kl
\ldylwood S h Islarig
Washington Koy bl
kton. Falls Church - p ; : ! food e Eostern Bay Ry
3] Merrifield R CoralHils b fictHeights T s MG
Mantua o J Suitland o /astvill 2
fax Annandale 395 Hillctest Heights s Shady Side
fth Springfield Lincolnia Alexandria€ame Springs 4

Shipping the panels from Oldcastle’s plant in Edgewood, Maryland will take approximately 1 hour and
20 minutes, not including necessary stops. The travel time and location of Oldcastle’s plant is fairly
convenient relative to the distances to other manufacturers” plants. Also, Wardman West is located in
the Woodley Park neighborhood of Northwest Washington, DC where there are regulations that restrict
construction activity to not start until 7 am. This later start to construction will give Oldcastle ample
time to deliver the panels to the site on time for erection.
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2. Delivery & Crane Logistics
On-site logistics are essential to any construction project, especially when delivering and erecting

precast concrete panels. As mentioned in the Transportation Logistics section of this report, Wardman's
on-site space is very limited, so the flatbeds carrying panels will enter the site through the Northeast
main site gate where all deliveries enter and exit the site. Once inside the site the flatbeds will either
stage along the North and East elevations where their panels will be erected by a mobile crawler crane
or they will stage in below the west courtyard where their panels will be erected by a 20 ton
Hammerhead Tower crane. This delivery and erection scheme is shown in Figure 1.21 below.

Figure 1.21. Erection Crane Use Sequence

20-ton Site Tower Crane

Precast Subcontractor

Mobile Crawler Crane
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The 20-ton tower crane will stay on site after it is finished being used for the building’s cast-in-place
concrete structure. Originally this larger of the two tower cranes was positioned within the building’s
footprint, but for the sake of this analysis the two tower cranes will be flip-flopped to allow the larger 20
ton tower crane to be positioned outside the building’s footprint so it can be used during the building
enclosure phase of construction. The original tower crane positions can be seen in Figure 1.22 below

and the new positions in Figure 1.23 on the following page, showing the superstructure phase of
construction.

Figure 1.22. Original Tower Crane Locations

Original 20-ton Peiner
—"  SK 415-20 Tower
Crane Location
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Figure 1.23. Revised Tower Crane Locations

Smaller Leibherr 200
HC Tower Crane
relocated inside
building footprint

New 20-ton Peiner SK
415-20 Tower Crane
Location

The 20 ton tower crane had to be examined further to verify if it was originally designed with a lift
capacity sufficient for erecting the largest precast concrete panels brought to size. The max panel size
specified by CarbonCast for their insulated Architectural Cladding is 14’ wide by 30’ long. However, for
this analysis a max panel size of 12’ wide by 30’ long was used. With the panels weight ranging from 38
to 65 PSF based on thickness a lower weight of 40 PSF was used for resizing the crane. So with a max lift
weight of 16,200 Ibs., the original crane capacity was not sufficient at 11,680 Ibs. with a 213’ hook reach.
To accommodate for the lack of lift capacity the crane was shortened to a 180" hook reach to increase its
lift capacity to 17,200 Ibs. This shortening of the hook length of the 20 ton tower crane was accounted
for in its relocation outside the building’s footprint. Crane design sheets and full size logistic plans used
for this resizing process can be referenced in Appendix A.5.
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3. Erection Logistics
As explained earlier in the Transportation Logistics section of this analysis, once panels are delivered to a

construction site the most efficient approach to the erection process is to stage the flat or low deck
trailers in position and to then have panels picked and lifted directly from a trailer into place on a
building’s exterior. To accomplish this process adequate site space will be needed for staging the
delivery trucks and the mobile crawler crane. Figure 1.24 below shows the designated staging space that
would be used for erection. The East and Courtyard staging locations are ideal due to their level, stable
and well-compacted soil. They are also areas built into the temporary access road which partially

encircles the site.

Figure 1.24. Erection Staging Areas Figure 1.25. Rolling Block Erection Process
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Due to panels spanning several stories at up to 30 feet in length, they cannot be simply lifted directly
from a vertical position and then into place. Rather, panels will have to delivery on either an “A” or “tilt”
frame on their vertical side and then rotated in the air during erection with rolling blocks. This process is

shown in Figure 1.25 above.
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4. Work Flow Sequence
Establishing a governing work flow sequence for an activity such as APC panel erection is absolutely

necessary to ensure there are no delays in a project’s schedule. Panels will be erected by elevation for
Wardman West, which is typical for this method of construction. Precast and Erection Subcontractors
do not favor working on different elevations simultaneously. After the 5" floor of the building finished
panel erection and installation will start on December 6, 2012. In the following section the decision to
start panel erection before the building’s concrete superstructure is complete is explained in further
detail. Knowing that the erection process will use both the site’s 20 ton hammer head tower crane and
the mobile crawler crane of the precast/erection subcontractor the sequencing of this crane use is
crucial. The tower crane will still be needed during erection to complete the concrete structure from
the 6™ floor to the roof. However, erection cannot be performed with both the tower crane and the
subcontractor’s mobile crawler crane running at the same time. The subcontractor will expect to be
erecting panels continuously with their crane is located and not agree to share erection time with the
site’s tower crane for the erection of a different elevation. Yet, the use of the tower crane must be a
priority due to not prolong its use past the construction of the buildings concrete structure which
potentially could incur additional equipment costs for the projects overall budget.

Figure 1.26. Crane Use Schedule Sequence

12/6 <~ Above Grade Strucutre - 5th Floor Complete Precast/Erection Sub Mobile Crane
Site Tower Crane

v
—El Jd- APC Panel Erection - Courtyard, SW & South

v

S ; d Above Grade Structure - 6th Floor to Roof Penthouses

3/7 < Above Grade Structure - Top Out

‘=== APC Panel Erection - East, North, NW

Knowing these constraints, erection will start on the South, Southwest and Courtyard Elevations using
the site 20-ton tower crane. However, the construction of the concrete structure will not be interrupted
by erection and installation of precast panels though the use of a second shift. Also, panel erection for
these South, Southwest and Courtyard elevations will have to be sequenced and wrapped multiple times
if necessary to not work ahead of concrete floors and columns reaching their full design strength. Once
these elevations are completed using the tower crane the remaining East, North and Northeast
elevations will then be erected by the precast/erection subcontractor’s mobile crawler crane. Figure
1.26 above shows the sequencing used for crane use.
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Schedule and Cost Analysis

1. Schedule Acceleration Analysis

The greater speed in which precast concrete panels can be erected compared to traditional exterior
masonry construction is quite substantial. A comprehensive breakdown of all major activities involved
in the scope of the exterior envelope had to be considered to effectively analyze the schedule
acceleration obtained by using architectural precast concrete panels. This breakdown can be seen
below in Table 1.3, where all exterior envelope activities and their associated durations are shown,
except for the proposed architectural precast concrete panel duration. Notice that brick work for the
rooftop mechanical penthouse structures was not included in the overall brick masonry duration. This
brick work for the penthouses was not considered for the use of architectural precast concrete panels;
therefore, it was kept separate from the original brick work when analyzing potential schedule
acceleration.

Table 1.3. Existing Building Envelope Duration Breakdown

Activity Duration
(Work Days)

Sheathing 13Feb2013  11jui2013 106

14Feb2013  12Jul2103 106
E7 & Mviar2013  27Sept2013 145
Penthouse Brick 13 Aug 2013 9 Sept 2013 20
Brick Washdown & Balcony Fronts [P ERTPPRe R I ER G

Total Exterior Skin Duration ____[FEC T T T TR

Table 1.4 below shows the duration and schedule acceleration for the use of architectural precast
concrete panels in comparison to the original brick masonry construction. To determine the overall
duration for the precast panels a productivity rate of 6 pieces erected per work day was used with an
average panel square footage of 200 SF. Using a total of 69,212 SF for the area covered by panels a total
duration for panel erection was calculated to be approximately 57 days, which resulted in 88 total days
being accelerated, a 61% decrease in the overall duration of the original brick masonry.

Table 1.4. APC Panel Duration & Schedule Acceleration

Activity Duration
(Work Days)

APC Wall Panels 13Feb2013  8Jun2013 57

Schedule Acceleration (compared to Brick duration) 88
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Although significant schedule acceleration resulted with the implementation of architectural precast

concrete panels, without re-sequencing of the project schedule the new method’s faster pace of
construction could not be used an overall improvement to the construction of Wardman West
Residential. Originally, the project’s schedule installed all windows prior to installation of exterior
masonry to insure the watertight milestone of July 19, 2013 was met. This was vital to ensure that
interior finishes would start on schedule at the end of July. Because windows cannot be installed until
after precast concrete panels are erected and installed the total duration of window installation would
push the project schedule past this watertight milestone and actually delay the schedule instead of
produce a reduction in overall schedule. However as long as delivery lead times are taken into
consideration, the use of precast panels allows erection and installation to start before the buildings
concrete superstructure is fully complete and topped out.

The buildings 5" floor slab was set to be completed on December 6, 2012, which is an adequate point at
which precast panels can start to be erected. This earlier start for panel erection will allow window
installation to start by February 26 2013 and end in time to meet the watertight milestone of July 19,
2013. The below Table 1.5 shows these revised start and finish dates for enclosure activities and the
overall schedule acceleration for the exterior skin phase of construction. The overall duration for
construction of the building’s exterior envelope is longer at 207 days but by starting erection of panels
during the construction of the buildings superstructure, there is an earlier finish date for the entire
building envelope on September 23, 2013. This earlier finish date results in a total schedule acceleration
of 14% at 28 days or approximately one month. A complete original, as well as new schedule using the
precast panels and re-sequencing scheme can be referenced in Appendix A.6

Table 1.5. APC Wall Panel Revised Duration Breakdown

Activity Duration
(Work Days)

APC Wall Panels ___

26 Feb 2013 19 July 13

Penthouse Brick 21 Aug 2013 17 Sept 2013
Balcony Front Brick ___

Revised Ext. Skin Total Duration ___

Schedule Acceleration w/ Earlier
Finish Date
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2. Cost Savings Analysis
In addition to schedule acceleration, one of the major goals of this analysis was to produce cost savings
to ultimately save money for the owner and increase the amount of savings sharing possible for Clark.
Table 1.6 below shows the cost breakdown for Wardman West’s original brick masonry system. In this
table you will notice that in addition to brick; backup, sheathing and insulation are incorporated into the
overall cost for the system. With the CarbonCast insulated “sandwich” panel chosen this backup,
sheathing and insulation will not be necessary if the precast panels are used; therefore, this line item
must be included to show a potential reduction in cost. Limestone was also included for this reason.
The limestone headers, jambs and sills present through the building’s exterior skin will be cast into the
APC panels using a finished concrete similar in appearance to that of the limestone.

Table 1.6. Existing System Cost Breakdown

Backup, Sheathing and Insulation $55,834

$246,375
Limestone
Total $4,114,339

The total cost of the original brick masonry system and its additional scope was approximately $4.1
million. A per square foot cost of $40/SF was used for APC panels based on rough pricing information
from Gate Precast. Table 1.7 below shows the cost breakdown for the proposed APC panels. Notice
that brick for the rooftop mechanical penthouses was not part of the APC panel scope of work and was
included in this cost breakdown for comparison. The total cost of new APC panel system was
approximately $3.4 million resulting in a saving of 18% at $736,866. For a more detailed breakdown of
the line items including square foot pricing, reference Appendix A.7.

Table 1.7. APC Wall Panel System Cost Breakdown

Amount

Architectural Precast Concrete Panels (including attachment hardware)
Penthouse Brick $205,905

$110,588
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Constructability

1. APC Panel Structural Feasibility & Redesign Study (Structural Breadth)

To ensure that architectural precast concrete panels were structurally feasible as a substitute for the
existing brick wall system; applied wind loads, seismic loads and lateral attachment details were
evaluated. The evaluation of the lateral forces applied by wind and seismic loading was performed to
help determine suitable hardware for lateral attachment of panels to the building’s concrete frame.
Below the wind and seismic loads are summarized, but complete procedures, calculations and code
references can be found in Appendix A.8.

Building Location — Washington, DC

Building Code — IBC 2006 / ASCE 7-05

Wind Loads

To determine the effect of wind loading, the building was considered enclosed. The building was also
classified as rigid per Section 6.2 of ASCE 7-05 with a natural frequency of 1 HZ. Based on these
conditions, Method 2 — Analytical Procedure as defined in Section 6.5 of ASCE 7-05 was used for
developing wind loads.

Table 1.8 below shows the wind evaluation factors determined used Method 2 — Analytical Procedure
(ASCE 7-05, Section 6.5.3)

Table 1.8. Method 2 — Analytical Procedure Wind Evaluation Factors

Fator  |voriable] value | _____ Code |
Basic Wind Speed (mph) --_

Wind Importance 1.0 Section 6.5.3, Table 6-1 and Table 1-1 for

Building Occupancy Category Il
Wind Directionality _-

Velocity Pressure Exposure Coefficient K, 1.04 Section 6.5.3, Table 6-3 based on Exposure
Category B from Section 6.5.6.3

2 T T

Internal Pressure Coefficient +/- Section 6.5.11.1, Figure 6.5 for enclosed

GGy 0.18 buildings
External Pressure Coefficient (Ieeward) Section 6.5.3, Figure 6-17 for Zone 5 wall edge

zone and building height > 60 ft

Velocity Pressure
qh = 0 00256 KthtKliVZ (lb/ tz)
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The most extreme wind exposure condition was used for the Method 2 — Analytical Procedure, at the
edge of the panel and at the top of the building. The panel’s maximum dimensions for height and width
were assumed to be 30 feet and 12 feet. These dimensions resulted in the entire surface area of the wall
edge panel having to withstand the heightened wind pressure in the Zone 5 region. Based on Section
6.5.12.4.2 for Components and Cladding and a building height h > 60 ft., maximum wind pressures were
then calculated on the edge panels.

For windward exposure:
P = g, x (+6Cp) — qp % (_chi)(lb'/ft.z)
= 18.3 x (+0.62) — 18.3 x (—0.18) = 14.64 lb-/ﬂ2

For leeward exposure:
P = qp X (_ch) —qnp X (+chi)(lb./ft.2)
P =183 x (-1.1) — 18.3 x (+0.18) = 23.4 ”’-/ftZ

Based on the above, the maximum suction force on a leeward edge panel during an extreme wind event
will be: 23.4 Ib. / ft.” x 30 ft. x 12 ft. = 8,424 Ib. and will govern the design for the hardware required for
lateral attachment of the panels to the concrete frame.

Seismic Loads

To determine the effect of seismic loading on the precast wall panels, ASCE 7-05 was used for the
development of seismic ground motion values for the site and methods for calculating loads on the
structure of the building resulting from those ground motions. First seismic ground motion values were
determined based on Mapped, Site Adjusted, and Design Spectral Acceleration Parameters. Tables 1.9
through 1.11 below summarize these seismic ground motion values and their calculations.

Table 1.9. Seismic Ground Motion Values — Mapped Acceleration Parameters

5. (ohort period acceleration)  [BRRLE L L (T S I
S:1 ( 1-second acceleration) 0.05 Section 11.4.1, Figure 22-2

Table 1.10. Seismic Ground Motion Values — Site Adjusted Acceleration Parameters

F, (Site Class C) __
F, (Site Class C) Section 11.4.2 and Section 11.4.3, Table 11.4 -2

(Sms = Fg X Ss)

Sm1 Section 11.4.3
0.085
(Sm1 = Fy X S1)
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Table 1.11. Seismic Ground Motion Values — Design Spectral Acceleration Parameters

Sos
(Sps = 2/ X Swus)

S Section 11.4.4
o 0.056

(Sp1 = 2/ X Sm)

With seismic ground motion values determined the horizontal thrust force on a typical 30 ft. by 12 ft.
panel was calculated. The seismic force calculation is based on Equation 13.3-1 in Section 13.3 of ASCE
7-05, which covers seismic demands on non-structural architectural components.

The horizontal seismic deign force F; is as follows:

Where:

ap = 1.0; component amplification factor, Table 13.5-1 z = h, therefore z/h = 1.0

Rp = 2.5; component response modification factor, Table 13.5-1

I, = 1.0; component importance factor, Section 13.1.3

W, = component weight — 13ft. x 12 ft. x 40 lb./ft.% = 14,400 lb.

Based on working through the above equation, the horizontal seismic force exerted by a typical precast

panel on its anchorage system is 850 Ib. This force is only 10% of the force caused by an extreme wind
event and will not govern the design of the lateral anchorage system for the precast panel.
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Hardware Design

JVIis an AltusGroup approved manufacturer of slotted inserts for use as lateral attachment hardware for
the CarbonCast Insulated Architectural Cladding product selected for this analysis. The below JVI PSA
slotted insert was specified using the maximum suction force of 2,106 Ib. per connection point
(assuming each panel will have four lateral connection points, therefore, dividing the total suction of
8,424 Ib. by four). Using the 4500 series, which feature a 2-7/8” adjustment, insert type 4525 was
chosen with an ultimate pullout capacity of 13,400 |bs. To check if the insert would withstand the
maximum per connection suction force the ultimate pull out capacity was divided by five resulting in a
working pull out capacity of 2,680 |b. Therefore, the 4500 Series PSA Slotted Insert Type 4525 can be
specified for use at lateral attachment hardware withstanding the most extreme wind loading condition
reaching 2,106 |b. of maximum suction force. The JVI product is shown in Figure 1.27 below.

Figure 1.27. JVI Series 4500 Slotted Insert Type 4525

~ INSERT ULTIMATE ULTIMATE | AVAILABLE |
TYPE PULL OUT SHEAR | ADJUSTMENT
—CRPRCITT—] CAPACITY

4525 | >13,400 Ibs. | >20,000 1bs. | 278"
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Lateral Attachment & Spandrel Beam Redesign
A comparison of self-weight was evaluated for both the existing brick veneer wall and the architectural
precast concrete panels. Below the unit weights for both wall systems are listed below.

Existing Brick Veneer Wall System:

Brick Veneer (Standard Clay Brick) — 40 PSF
3” Rigid Insulation — 4.5 PSF

Total — 44.5 PSF
New APC Wall Panel System:

CarbonCast Insulated Architectural Cladding — 40 PSF

Based on the above self-weight comparison, the proposed CarbonCast Insulated Architectural Cladding
has a lower a self-weight than the existing brick veneer wall system. Therefore, the change to a precast
wall panel system will not result in a greater load on the building superstructure and foundation,
eliminating the need for slab and column re-design.

A spandrel system was used for attaching panels to the structure of the building, instead of the common
stacked system. Panels were vertically supported by relieving angle connected to the edge of the floor
slab as per the typical relieving angle location used for the existing condition. It should be noted that
this relieving angle will not be same product as was used for the brick veneer wall due to the greater
amount of weight it was required to support from panels spanning up to 30 feet, resulting in a total
panel weight of up to 14,400 Ib. The relieving angle will also have a prefabricating bolt connection for
the lateral attachment of the slotted insert specified on page 36.

A spandrel beam with a total depth of 16”” and width of 9" was also added to the edge of the floor slab
in each respected panel connection location. This spandrel beam provided and area for the top of each
panel to be laterally connected to the structure of the building, as well as to provide further support.
Bending and shear checks, as well as reinforcement sizing can referenced in Appendix A.10. Figure 1.28
on the following page shows a connection detail for the proposed welded connection that will vertically
and laterally support the precast concrete wall panels, which can be referenced at a large scale in
Appendix A.9
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Figure 1.27. Vertical and Lateral Welded Connection Detail
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Recommendations

Based on the results from this analysis, the switch to architectural precast concrete wall panels in lieu of
the existing brick veneer wall system should be implemented. The erection of the precast concrete wall
panels would allow the building’s wall system to be completed 88 days faster and reduce the overall
building enclosure schedule by over a month at 31 days. The implementation of precast concrete wall
panels would also save the owner approximately $737,000 with a total cost of $3.4 million, an 18%
reduction in cost from the existing brick veneer wall system’s total cost of $S4.1 million, and furthermore,
a 4.8% reduction in the overall cost of the building’s exterior enclosure.
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Depth 2: SIPS

Problem Identification

The problem for this analysis is the same problem addressed in first proposed analysis where brick
exterior skin masonry construction was a risk to the project meeting substantial completion due to the
activity’s lagging pace of production. As mentioned before brick accounts for roughly 52% of the
exterior envelope’s square footage and has construction schedule duration of approximately 6 months,
starting in March of 2013 and ending in October 2013. Finding a way to shorten the construction
schedule and increase worker productivity for this activity would be very beneficial to the success of the
project.

Analysis Goals

As stated above the intent of this analysis is to provide schedule acceleration. A SIPS or short interval
production schedule is used for this specific reason, as well as to increase labor productivity. A SIPS
breaks down a construction activity or scope of work into a greater amount of detail than a typical
project schedule. The activity or scope of work being performed is quantified and split up into multiple
construction zones to develop a more specific work sequence. These construction zones should be
approximately the same size and share a similar design so that a trade or team the same amount of time
to complete each zone. In doing this a SIPS allows for very efficient allocation of manpower, as well as
providing a simple, yet detailed schedule for trades use. This amount of detail allows tradesmen to
always know what they should be performing up to the hour or even minute at any point through the
work day. Once these zones are established productivity rates are found and used to calculate
durations for the chosen activity or the multiple activities within a scope of work.

A SIPS is typically used for projects that are highly repetitive such as precast parking garages, residential
high-rises, apartment buildings and prisons. Projects such as these with repetitive layouts or repeating
scopes of work allow for application of the construction zones stated earlier. In case of Wardman West
Residential, it will be an applicable project for a SIPS with the repetition present throughout design the
building’s exterior envelope.

A SIPS will be developed for both for the original exterior brick masonry work and for the prefabricated
architectural precast concrete panels used in the first analysis. Each scope of work will include a SIPS
matrix schedule used to track the completion of construction zones and also a revised project schedule.
These two SIPS for brick and ACP panels will then be compared and evaluated for advantages and
disadvantages to determine which scope of work benefits to most from the use of a SIPS.
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Process

Analysis of Original Schedule

To effectively develop a SIPS schedule for both brick masonry and architectural precast concrete panels
the original project schedule for the building’s exterior envelope has to be examined. First, the start and
end dates for brick construction each elevation was determined. Once, these dates were found the net
amount of workdays between the dates was calculated to find a total number of workdays associated
with the building’s brick exterior skin. Table 1.12 illustrates the elevations and durations found. Note
that brick washdown and balcony front brick detailing follows the main brick masonry construction for
each elevation. This activity must be accounted for in the overall duration but it will not be incorporated
into the overall analysis for the SIPS schedules created for brick masonry and ACP panel erection.

Table 2.1. Original Schedule Elevation Durations

| Elevation | Activity | Start | Finsh | _ Duration |
_ Washdown & Balcony Fronts 19 Sept 2013 22 Oct 2013
____
_ Washdown & Balcony Fronts 16 Aug 2013 10 Sept 2013
_ Washdown & Balcony Fronts 27 Sept 2013 22 Oct 2013
BB \Vashdown & Balcony Fronts 20 Sept 2013 15 Oct 2013
8 Mar 2013 22 Oct 2013

Total (excluding washdown & balcony fronts) ___

Based on the durations calculated in the above Table 1.12, typical elevations took on average 69.5 days
to complete, not including brick washdown and balcony front detailing. The south elevation durations
were slightly longer due to the use of swing stage scaffolding instead of FRACO mast-climbing hydraulic
platforms, which the other three elevations used to scale the building. It is also noticeable that brick
masonry was performed on the south and courtyard elevations concurrently, then followed by the east
and north elevations. This sequencing breakdown is illustrated on the following page in Figure 1.29 and
can also be referenced in Appendix B.1
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Figure 2.1. Original Schedule Brick Elevation Sequencing
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SIPS for Brick

A SIPS schedule was created for the original brick masonry work for the building’s exterior skin to
predetermine if the overall schedule for brick work could be shorted and productivity could be
increased. Before productivity rates and durations could be calculated in developing a SIPS schedule for
brick masonry construction, construction zones for the buildings elevations has to be established.

Figure 2.2 below shows the construction zone breakdown for the building’s east elevation. All
elevations with construction zone breakdowns can be referenced in Appendix B.2.

Figure 2.2. East Elevation Brick SIPS Construction Zone Breakdown
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These construction zones were established based on the locations of the site’s scaffolding. Exterior
masonry was performed primarily on FRACO mast-climbing hydraulic platforms, with exception of the
building’s south elevation where swing stage scaffolding was used. The site’s grade severely drops
adjacent to the south elevation next to existing Marriot Wardman Hotel. Due to the ground not being
flat and stable in this location swing stage scaffolding was required to perform exterior masonry work.

Below Figure 2.3 illustrates the scaffolding plan used for construction of the building’s exterior skin,
which is color coordinated with the construction zones used for SIPS. In Appendix B.3 a larger version of
this scaffolding plan can be found, as well as another additional scaffolding plan which is color
coordinated based on scaffold type and size.

Figure 2.3. Brick SIPS Construction Zone Scaffolding Plan
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Once construction zones for the building’s elevations were determined productivity rates and durations
were calculated. The below assumptions and constraints were made and considered when calculating
these duration and sequencing.

Assumptions and Constraints

e Scaffolding installation time was not included in SIPS analysis

e Wash-down and brick balcony fronts were not included in SIPS analysis

e Mortar was considered a non-critical activity that could be performed concurrently with brick
laying

e Masons were assumed for work a total of 6 hours per 8 hour workday to account for unforeseen
material and weather delays and a 1 hour lunch break

e A maximum of 5 masons working per FRACO Zone

e A maximum of 10 masons working per Swing Stage Zone

e A maximum of 20 masons working per day

e  6.55 bricks per SF (Standard Size brick at 2-1/4"" by 3-5/8" by 8”)

The productivity rates used for the brick masons were not a constant rate for every level of the building.
Clark Construction provided a typical rate of 200 bricks laid per day by one mason. Because the design
of Wardman West’s facade is more intricate than a typical brick skinned building a lower rate of 175
bricks was used. To account for the decrease in productivity as masons work at higher story-levels a
decrease of 5 bricks per floor was incorporated into duration calculations starting with the 4™ Floor.
Table XX. Below shows this productivity rate breakdown per floor level.

Table 2.2. Floor Level Brick Productivity Rates

Floor Level Productivity Rate (per mason)

175 brick/day

170 brick/day

160 brick/day

150 brick/day
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After determining productivity rates durations were calculated for each floor level per the construction

zones used for SIPS. Figure XX is a sample calculation showing how these per floor zone durations for 4"
floor of Zone E of the east elevation using three masons on a FRACO.

Figure 2.4. Sample Brick SIPS Sample Calculation

4™ Floor — Zone E (East Elevation)

Total Area — 375 S.F.

6.55 brick .
3758.F. X ———— = 2,457 brick
S.F.
brick
2,457 + (170 —— X3 masons) X 1.25 (6 hrs.of labor) = 6 days
per mason

These duration calculations were performed for every floor per construction zone using 2 to 5 masons
(except for the swing stage scaffolding for zones J through M) per zone to determine which manpower
combination of 20 masons optimized labor and ultimately reduced the schedule most efficiently. Table
2.3 below shows the total durations found each elevation. The table also shows the sequencing for each
elevation and the different phases with their associated construction zones. The Courtyard elevations
were split into two phases to make full use of the 20 mason limit to accelerate durations and the project
schedule. A total duration for brick construction was 133 days, a 12 day reduction from the original
project schedule. A complete breakdown of these durations and the manpower allocated per
construction zone can be referenced in Appendix B.4.

Table 2.3. Brick SIPS Elevation Durations and Phasing

Construction | Scaffold Type | Duration
“-
___
Fraco
___
Fraco
___
_
- 133
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Figure 2.5 below shows a portion the SIPS schedule developed for brick construction. The zone color

scheme is located below the matrix schedule in this figure. The complete SIPS schedule can be
referenced in Appendix B.5, as well as a revised project schedule in Appendix B.6.

Figure 2.5. Brick SIPS Matrix Schedule

Senior Thesis - Spring 2014 . .
Analysis 2: SIPS Wardman West Residential

Kevin Kroener

FEPSU Brick Exterior Skin SIPS Schedule

MONTH March March March March April April April April May May May

ITEM OF WORK WEEK 3/4/2013 3/11/2013 3/18/2013 3/25/2013 4/1/2013 4/8/2013 4/15/2013 4/22/2013 4/29/2013 5/6/2013 5/13/2013

DAY MTWR‘F M‘T‘W‘R‘F M|T|W|R|F M|T|W|P‘F M‘T‘W‘R‘F M‘TWRFMTWRFMTWRFMTWRFMTWRFMTWRF

South, Southwest, East
Zone J - 10 Masons

Zone K - 10 Masons

Zone L - 10 Masons
Zone M - 10 Masons

North Courtyard, West Courtyard

Zone N - 5 Masons

Zone O - 5 Masons
Zone P - 5 Masons
Zone Q - 5 Masons
South Courtyard, West Courtyard, NW
Zone R
Zone S
Zone T
Zone U
Zone v

North , Northwest

Zone W

Zone A

Zone B

Zone C

Zone D

East

Zone E

Zone F

Zone G

Zone H

Zone |

MONTH May May June June June June July July July July August

ITEM OF WORK WEEK 5/20/2013 5/27/2013 6/3/2013 6/10/2013 6/17/2013 6/24/2013 71112013 7/8/2013 7/15/2013 712212013 7/29/2013

DAY MIT (WIRI|F[M[TWR[FIM|[TWIRIFIM|TWRIFIM|TWRIF|M[T |W[RIFM[T [W[RI[F[M[T[W[RIF[MI[T|WI[RIF[MI|T |[WIRI|FM|T |WI|RI|F

South, Southwest, East
Zone J

Zone K

Zone L

Zone M
North Courtyard, West Courtyard
Zone N - 5 Masons

Zone O - 5 Masons

Zone P - 5 Masons

Zone Q - 5 Masons
South Courtyard, West Courtyard, NW
Zone R - 4 Masons

Zone S - 3 Masons

Zone T - 4 Masons

Zone U - 4 Masons
Zone V - 5 Masons

North , Northwest
Zone W - 4 Masons

Zone A - 4 Masons

Zone B - 4 Masons

Zone C - 4 Masons

Zone D - 4 Masons.

East

Zone E

Zone F

Zone G

Zone H

Zone |
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ITEM OF WORK

April 9, 2014

[FINAL REPORT]

MONTH August August August August October October October
WEEK 8/5/2013 8/12/2013 8/19/2013 8/26/2013 9/2/2013 9/9/2013 9/16/2013 9/23/2013 9/30/2013 10/7/2013 10/14/2013
DAY MT (wWR|F M (T (w[R T [WIR|F M [T |w]|r T W (R |F[M|T W (R T W (R |F M |T W[R T W R |F M T |wW(R M [T W R

South, Southwest, East

Zone J

Zone K

Zone L

Zone M

North Courtyard, West Courtyard

Zone N

Zone O

Zone P

zone @

South Courtyard, West Courtyard, NW.

Zone R

Zone S

Zone T

Zone U

Zone V

North , Northwest

Zone W - 4 Masons

Zone A -

4 Masons

Zone B -

4 Masons

Zone C -

4 Masons

Zone D -

4 Masons

East

Zone E -

2 Masons

Zone F -

2 Masons

Zone G -

2 Masons

Zone H -

2 Masons

Zone | - 2 Masons

1. Zone A .Zone N
2.Zone B .Zone O
3. Zone C .Zone P
4. Zone D .Zone Q
5.Zone E .ZoneR
6. Zone F .Zone S
7.Zone G .Zone T
8. Zone H .Zone U
9. Zone | .Zone V
10. Zone J .Zone W
11. Zone K

12. Zone L

13. Zone M
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SIPS for APC Panels
Like the SIPS for brick, first construction zones were established for the erection of ACP panels but a

breakdown of panel sizes was first developed to determine how many panels would be erected for each
of the building’s elevations. Once the panel breakdown was completed the construction zones for an
erection SIPS were established. Typically, because the erection of precast panels is a much simpler and
faster on-site construction activity than brick, construction zones consisted of entire elevations.
However, certain elevations were split into multiple zones such as the east elevation shown in Figure 2.6
below. This was done in an effort to keep the number of panels being erected per zone approximately
within a close range of 21 to 38 panels, with an average of 27 per elevation. The number of panels for
each construction zone is illustrated in Table XX on the following page. A detailed list of the panels sizes
incorporated into each elevation and construction zone can be referenced in Appendix B.7.

Figure 2.6. East Elevation APC Panel SIPS Construction Zone Breakdown

Zone Al Zone A2 Zone A3
T T Ty | SR U e Ty e S
b -Ii ‘ ,,,,,,,,,,,,,,, ) .S - - 1]} l_ :
) rieEamEe T e I e (R o e e B e <
N e v el ey ; =i .
o\ {EiE | O Rl vl G T | | Y [ T ) I [ <
Hil BE|EE WRH B Gl P e B | EQBEEOH (H G BN | B Ei EH|BE g | |
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Once the construction zones were determined durations for each zone were calculated to develop the

SIPS schedule. A productivity rate of 6 panels erected per workday was used to determine the duration
for each construction zone used the number of panels present within their respected zones. Table 2.4
below shows these durations for each construction zone and the new total duration for erection of ACP
panels using SIPS. Durations for construction zones took an average of 5 days or one work week and the
new total duration of 54 days resulted in a 3 day reduction from the original 57 day schedule estimated
for erection in the first analysis. The table below also shows the color scheme used for the SIPS matrix
schedule which is shown on the following page. Also, the type of crane used for each zone is also
illustrated in this table to verify the work sequence used for crane usage developed in the first analysis.

Table 2.4. APC Panel Elevation and Construction Zone Durations

Construction Zone Matrix # of Crane Duration
Color Panels (Days)

26  Mobile 5
Bast 22 Mobile 4
38 Mobile 7

-____
_ _ South Courtyard 29  Tower
e ] ____
_- North Courtyard 26  Tower
-____

25 Tower 5
‘Southwest 21 Tower 4
290 54
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Below Figure 2.7 shows the ACP Panel SIPS Matrix schedule created using the duration’s calculated for

each construction zone. Activities for the above grade concrete structure’s 6™ through roof levels were
also incorporated into this SIPS matrix schedule. This was done to show the sequencing process
developed in the first analysis where the erection of APC panels used the site tower crane, in addition to
the construction of the 6" through roof level concrete structure. Both scopes of work would be
performed over the same period of time, but not concurrently, due to panels being erected during a
second shift. A large full-size version of this SIPS matrix schedule can be referenced in Appendix B.8 and
a revised project schedule in Appendix B.9.

Figure 2.7. APC Panel SIPS Matrix Schedule

Senior Thesis - Spring 2014

. .
Analysis 2 SIPS Wardman West Residential
Kevin Kroener
AEPSU ACP Panel Erection SIPS Schedule
MONTH D Dy D D January January January January Febuary February February February
ITEM OF WORK 'WEEK 12/3/2012 12/10/2013 12/17/2013 12/24/2013 12/31/2012 1/7/2013 1/14/2013 1/21/2013 1/28/2013 2/4/2013 2/11/2013 2/18/2013

DAY MTWRFMTWRlFM‘T]WlRFMTWRFMTWRFMTWRFMTWRFMTWRFMTWR’FMTWRFMTWRFMTWRF
Zone G1 - South
| zone G2 - South

Zone H - Southwest

Zone F - North Courtyard

Zone E - West Courtyard
Zone D - South Courtyard
Zone Al - East

Zone A2 - East

Zone A3 - East

Zone B - North

Zone C - Northwest

6th Floor Concrete Structure

7th Floor Concrete Strucute

8th Floor Concrete Structure

Roof Concrete Structure

1. Zone Al East 10. Zone G2

2. Zone A2 East 11. Zone H

3. Zone A3 East 12. 6th Floor Concrete Structure
4. Zone B 13. 7th Floor Concrete Structure
5. Zone C 14. 8th Floor Concrete Structure
6. Zone D 15. Roof Floor Concrete Structure
7.Zone E

8. Zone F

9. Zone G1
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INIEPL TN [FINAL REPORT]

Senior Thesis - Spring 2014

. .
Analysis 2: SIPS Wardman West Residential
Kevin Kroener
AE PSU ACP Panel Erection SIPS Schedule
MONTH De D D D January January January January Febuary February February
ITEM OF WORK WEEK 12/3/2012 12/10/2013 12/17/2013 12/24/2013 12/31/2012 1/7/2013 1/14/2013 1/21/2013 1/28/2013 2/4/2013 2/11/2013
DAY MTWRFMTWR|FM‘T|W|RFMTWRFMTWRFMTWRFMTWRFMTWRFMTWRFMTWRFMTWRF

Zone G1 - South
Zone G2 - South

Zone F - North Courtyard

Zone E - West Courtyard
Zone D - South Courtyard
Zone A1 - East

Zone A2 - East

| Zone A3 - East
Zone B - North
Zone C - Northwest

6th Floor Concrete Structure

7th Floor Concrete Strucute

8th Floor Concrete Structure

Roof Concrete Structure

1. Zone Al East 10. Zone G2

2. Zone A2 East 11. 6th Floor Concrete Structure
3. Zone A3 East 12. 7th Floor Concrete Structure
4. Zone B 13. 8th Floor Concrete Structure
5. Zone C 14. Roof Floor Concrete Structure
6. Zone D

7. Zone E

8. Zone F

9. Zone G1

Kevin R. Kroener | Depth 2: SIPS I3



Evaluation

Along with creating a SIPS for schedule acceleration purposes for both brick and ACP panels, the other
intent of this analysis was compare the two SIPS and evaluate their individual effectiveness for their
respected scopes of work.

The brick SIPS significantly improved construction compared to the original schedule’s sequencing by
splitting up labor into construction zones that could be easily coordinated and tracked for productivity.
The allocation of manpower per scaffold or construction zone would allow Clark’s management and field
staff to more efficiently drive the exterior brick schedule to avoid the potential delays associated with
brick masonry work. Requiring the brick masonry subcontractor to follow the SIPS will eliminate the risk
of relying on masonry foreman to allocate manpower and give them strict progress deadlines to meet
daily. The deconstruction of brick work for the buildings elevations and the more accurate estimate of
labor productivity rates also resulted in a shorter overall duration for brick work at 133 days compared
to the original schedule’s 145 day duration.

The ACP panel SIPS like the brick SIPS would help Clark track erection progress and aid in knowing which
areas of the site would require staging for the flatbed trailers delivery panels to the site. In general the
erection of ACP panels is a much simpler and faster activity than brick masonry and does not require as
much schedule deconstruction as the brick SIPS. For this reason the APC panel SIPS is shorter with fewer
construction zones. The APC panel SIPS also reduced the original erection duration estimated in the first
analysis from 57 to 54 days.

When comparing the brick and ACP panel SIPS there are, although the brick SIPS in many benefited brick
work to a greater extent the associated inconsistencies with laying brick cannot be perfectly accounted
for when calculating durations. There are so many unforeseen delays such as weather, mortar and
fluctuating levels of craftsmanship that can change labor productivity daily that a SIPS for brick would
have to constantly be tracked and updated. Whereas, the ACP panel SIPS is a more accurate
representation of actual erection durations. The more repetitive nature of panel erection better suits
the use of SIPS than brick work, especially considering the high level of detail present in Wardman West
brick, limestone and cast stone exterior facade design.
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Recommendations

Per the results of this analysis, a SIPS (Short Interval Production Schedule) for both brick masonry and
precast concrete wall panel erection should be used on this project, based on which system decided
upon. The brick SIPS significantly improved the workflow of construction by optimizing manpower,
which resulted in reducing the schedule by 12 days to 133 days, compared to the original brick work
duration of 145 days. The APC Wall Panel SIPS also saved time to the project schedule by reducing the
overall estimated duration for panel erection at 57 days down to 54 days.
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Depth 3: Safety Evaluation

Problem Identification

Maintaining safety throughout the construction of any building is always of the upmost importance to
any owner and builder. Ensuring a safe environment and construction sequence for a less commonly
used construction method such as precast wall panel erection is especially important and an essential
goal for a general contractor. In the case of the construction of Wardman West Residential, the
congested and tight existing site created challenges as far as material deliveries, staging and scaffolding
space. Knowing this the anticipated implementation of prefabricated brick panels for the building’s
exterior skin will present the general contractor with the logistical problem of ensuring safety when
managing additional site traffic and equipment, as well as allocating more space for staging and
erection.

Analysis Goals

To effectively evaluate the safety concerns associated with the erection and installation of precast wall
panels an in-depth scoring comparison was performed with traditional brick masonry construction. This
comparison through the use of a scoring system will aim to provide the general contractor with a better
knowledge of the safety concerns associated will both construction activities, while also helping to
determine which activity is overall a safer means of construction. This analysis will also incorporate
developing an AHA or Activity Hazard Analysis for the erection and installation of precast wall panels for
the use of the general contractor to communicate the safety concerns associated with performing this
scope of work.
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Safety Evaluation Scoring System

Generally precast wall panel erection is very dangerous due to the fact that you need a crane for
erection and the pieces are very heavy increasing the risk of crush injuries occurring. On the other hand,
brick installation also brings a different set of hazards along with it. It generally takes a longer period of
time and usually requires the use of additional equipment, such as mast climbing platform and swing
stage scaffolding. To better compare the safety issues associated with these two construction activities
an in-depth safety comparison was performed through a scoring system based on these five major
safety concern categories:

Fall Protection
Equipment Inspection
Safety Training
Hazardous Materials

vk wN e

Incidents/Injuries

Each of these categories will be evaluated for both precast wall panel erection and installation and brick
masonry installation. The particular safety concerns for each category will first be noted and evaluated
and then a final score will be given for each activity per the category being evaluated. Once each
category is evaluated and scored, a final score will be totaled to compare which activity is deemed more
hazardous based on the scoring breakdown illustrated in Table 3.1 below:

Table 3.1. Safety Evaluation Scoring Criteria

Scoring Value
Safety Category is considered fairly safe with alow level of safety concern involved.

Safety Category is considered somewhat hazardous with a moderate level of safety
concern involved.

The complete safety evaluation scoring comparison is shown on the following page.
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Safety Category 1: Fall Protection

Activity Safety Concerns m Activity Safety Concerns m

Precast Brick
Wall Panel
. Masonry
Erection & .
. Installation
Installation

Safety Category 2: Equipment Inspection

Safety Concerns | Score_| Activity | Safety Concerns | Score |

Precast
Wall Panel
Erection &
Installation

Masonry
Installation
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Safety Category 3: Safety Training

Activity Safety Concerns m Activity Safety Concerns m

Precast
Brick
(WEET
. Masonry
Erection & .
. Installation
Installation

Safety Category 4: Hazardous Materials

Activity Safety Concerns Activity Safety Concerns m

Precast .
Brick
WE LT T Masonr
Erection & .y
. Installation
Installation

Safety Category 5: Incidents/Injuries

Safety Concerns | Score | Activity | Safety Concerns | Score |

Precast Brick
Wall Panel
. Masonry
Erection & )
. Installation
Installation
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Table 3.2. Safety Evaluation Scoring Results

Safety Category Precast Wall Panel Erection & Brick Masonry Installation
Installation

__
Equment Inspectlon

__
__
_ - ]
S 2. 10

The above Table 3.2 illustrates the scoring breakdown per safety category and the total scores for each
activity. Results show that precast wall panel erection and installation had a slightly higher score than
brick installation at 12 points to 10. Precast erection and installation outscored brick installation in 3 out
of 5 safety categories including: fall protection, safety training and incidents/injuries. The erection and
installation process for precast wall panels can be a very high risk activity from safety standpoint if
proper training, inspections and fall protection procedures are not met. The possible incidents, and
especially injuries, are more severe than exterior brick installation due to the fact that such large and
heavy loads are being picked through the air and then handled by precast erectors. Although, precast
erection and installation was considered a more hazardous and potentially unsafe construction activity
than brick installation the total score was fairly close with only a 2 point value difference. This almost
equivalence in safety concern for both activities is indicative of shear physicality and elevated working
conditions of both activities. Precast wall panel erection might have a higher risk for incident and/or
injury than brick installation but if proper training requirements are met and logistical concerns are
accounted, the erection and installation process, as well as overall site safety, can be maintained.
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APC Panel Erection AHA
To support overall safety procedures for the change to architectural precast concrete wall panels from

exterior brick installation an Activity Hazard Analysis was developed. AHA’s define the activities being
performed and identify the work sequences, the specific anticipated hazards, site conditions,
equipment, materials and the control measures to be implemented to eliminate or reduce each hazard
to an acceptable level of risk. AHA’s are also usually complied into a complete JHA (Job Hazard Analysis)
serving as documentation for job-site and activity specific analysis of health hazards. Figure 3.1 below
illustrates a section of the AHA developed for precast wall panel erection and installation. The AHA was
comprised of two scopes of work: installation of precast concrete wall panels and lifting (erection) of
precast concrete wall panels. A full version of the AHA can be referenced in Appendix C.1 and Appendix
c.2.

Figure 3.1. APC Wall Panel Activity Hazard Analysis

ACTIVITY HAZARD ANALYSIS
ACTIVITY: LIFTING PRECAST CONCRETE WALL PANELS

Project: AE Senior Thesis
Prepared By: Kevin Kroener
Date: 4/9/2014

Scope of Work: Precast Concrete Wall Panels

PRINCIPAL STEPS POTENTIAL HAZARDS RECOMMENDED CONTROLS
1. Select and Inspect Rigging 1.a. Damaged or unsafe rigging 1.a. & 1.b. Inspect rigging on a daily basis for safe working
conditions. Remove form service and discharge any rigging if
1.b. Under sized rigging or incorrect rigging as necessary. Competent groundman, assisted by Erection

Foreman, will select appropriate rigging for each lift.

2. Lift wall panel load 2.a. Crane malfunction or failure 2.a. Operator must perform daily inspections to ensure that
crane is in safe working condition. Inspections will also be
documented in the a crane logbook.

2.b. Improper crane setup leading to tipping or |2.b. Ensure crane is on stable and level ground per the
failure manufacturers specifications/recommendations. Proper
boom radius as specified in crane capacity chart.

2.c. Struck by hazard from crane superstructure |2.c. Barricade tail swing of crane

2.d. Swinging of loads other employees 2.d. Ensure swing path is clear.

Groundman and Erection Foreman will control area within
swing radius of crane boom with assistance from GC field
supervision. Swing path perimeter will be marked or
barricaded to prevent employees from walking beneath load.
The CAZ (Controlled Access Zone) will be set at an
appropriate distance and the Groundman and Erection
Foreman will remain alert to personnel entering restricted
areas to keep people out of the swing path.

2.e. Swinging or out of control panel load 2.e. Only one person at a time will give signals and have radio
communication with crane operator. Taglines will be used to
control loads

EQUIPMENT TO BE USED INSPECTION REQUIREMENTS TRAINING REQUIREMENTS
1. Tower Crane 1. Annual crane inspection 1. Certified Crane Operator
2. Mobile Crane 2. Daily crane inspection 2. Erection Foreman has completed PCl's Certified Erector
3. Rigging 3. Crane inspection upon arrival at site course
4. Taglines 4. Posted Certificate of Compliance on Crane 3. All erectors and riggers have completed rigging training
5. PPE - hard hat, safety glasses, steel-toe [5. Daily rigging inspection ** GC is responsible for training of all non- precast/erector
boots, reflective vests personnel to remain clear of the precast work area and to

obey warning signs and barricades.

Kevin R. Kroener | Depth 3: Safety Evaluation m



Recommendations
Based on the results of this analysis, it is recommended that that the proposed safety evaluation be
used on this project, to accompany the use of architectural precast concrete wall panels proposed in the

first analysis. The safety evaluation’s scoring comparison between exterior brick installation and precast
concrete wall panel erection provided a detailed breakdown of the safety concerns associated with each
activity. While, precast concrete wall panel erection resulted in a higher risk construction activity, both
brick and precast wall panels have a significant amount of safety concerns when performed, but with
the aid of this scoring comparison breakdown, the required training, inspections, PPE and concerns are
identified. The Activity Hazard Analysis specifically created for precast concrete wall panel erection and
installation will also benefit safety coordination on the project and ensure site safety is maintained.
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Depth 4: General Contractor Implementation Study for
Architectural Precast Concrete Wall Panels (Critical Industry

Issue)

Problem Identification

One of the main critical research issues discussed at the PACE Roundtable event in fall of 2013 was the
use of prefabrication and multi-trade modularization. Both of these topics have been proven to save
money and time for project teams when implemented successfully. However, much of this success is
due to careful planning, coordination and ideal project scopes. Without the right circumstances
prefabrication and modularization can result in escalated costs and coordination issues between project
team members and trades. Like prefabrication and modularization, the use of architectural precast
panel as substitute for traditional exterior masonry can offer many benefits to a project team. But it also
has the potential to result in negative ways that can outweigh its benefits, without proper early planning
and coordination.

Analysis Goals

This analysis was an in-depth investigation of the planning required for implementation and project
team coordination necessary to make the use of architectural precast concrete panels a success. This
implementation and coordination study will be created for the use of a general contractor to determine
the best decision making process when choosing a precast panel product, know their responsibilities
and coordination role as part of a project team and managing the associated logistics involved. The
following outline summarizes the main topics that will be discussed in this study:

1. Production Selection
e Architectural Aesthetics
e Cost
e Quality

2. General GC Responsibilities and Coordination

3. Logistics
e Transportation Logistics
e Delivery, Staging and Erection
e Crane Use
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Production Selection

The selection process for an architectural precast concrete panel product is one that takes a good deal
of planning and coordination. General contractor guidelines when approaching this coordination
process is covered more in-depth in the next section of this analysis. However, there are several areas
for a general contractor to consider when deciding on a product to submit to an architect. The major
areas of consideration are architectural surface aesthetics, budgeting of design decisions and product
quality.

Architectural Aesthetics

Precast concrete has many capabilities that allow very detailed and customized facade designs to be
aesthetically achievable during the casting process. From a GC’s point of view this flexibility in
appearance options for architectural precast concrete represents a less expensive solution to detailed
exterior masonry work. Precast concrete aggregates, mixtures and finishing techniques allow for almost
any stone type and color to be imitated, such as the limestone headers, jambs and sills proposed in the
first analysis. Much of this aesthetic matching can be done during design before a project is awarded to
a GC through a pre-bid approval process where a pre-determined precaster can send pre-bid samples
for approval. However, if a pre-bid approval process was not used a GC should request submittals from
a precast concrete manufacturer as soon as possible, with samples being at least 12” x 12” in size.
Although, 12 in. samples may provide enough information on texture and color to obtain approval often
it is beneficial for GC to require a precaster to supply a on or off-site complete panel mockup to
demonstrate a more accurate physical representation or an architect’s initial aesthetic evaluation.
Mockups are especially beneficial when evaluating major details and reveals casted to imitate the
appearance of natural stone and brick materials. A sample or mockup should also be viewed at a
distance of no less than 20 feet to accurately evaluate a product’s appearance on a building’s facade
during the approval process.

Cost

When considering design economy for APC panels there are many variables that a general contractor
must consider both during the manufacturing process and the erection process when selecting a
product. The highly customized designs that are possible with precast concrete can be achieved within a
limited budget by selecting appropriate aggregates and textures combined with repetitive units at the
largest possible size and efficient erection details. Generally, panel size and repetition govern cost
impacts to a project, but the below breakdown shows the other criteria to consider when budgeting:

Design Material Construction

Panel Size Material & Texture Selection Erection Details
Repetition Uniformity of Appearance Jobsite Access Conditions
Cross Section Surface Geometry Connections

When a general contractor is pricing precast concrete panels, costs are determined primarily by the size
of the panels and repetition. A larger panel size on a large project is the most desirable circumstance for
pricing. For instance, a large project requiring 200 panels at larger sizes usually is a less expensive
approach than a 1,000 panel project using smaller panel sizes. Pricing is dependent on the number and
size of panels because it is a direct reflection of the labor required by an architectural precaster and
erector. If the project has more panels it directly correlates to more labor hours designing, casting,
stripping, finishing, loading, delivering, erecting and installing panels. A general contractor can optimize
economy by minimizing the number of panels needed for a project by using the largest possible panel
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sizes per a project’s design, manufacturing and shipping limitations. The difference in cost of erecting a
larger panel relative to a smaller one is insignificant when compared with the decrease in cost by using
larger and fewer panels. Figure 4.1 below is a table from the PCI Manual for Architectural Precast
Concrete Third Edition illustrating this effect of panel size on erection cost per square foot. A typical
rule of thumb to follow is that a project’s average panel size should be at least 100 to 150 SF and ideally
larger if possible.

Figure 4.1. Erection Costs Per Sq. Ft.

Panel size, Erection cost per piece,
ft2 dollar amount per ft?
50 10.00 20.00 30.00 | 40.00
100 5.00 10.00 15.00 20.00
150 3.33 6.67 10.00 13.33
200 2.50 5.00 7.50 10.00
250 2.00 4.00 6.00 8.00
300 1.67 3.33 5.00 6.67

Quality
A general contractor can ensure that the APC product chosen during the submittal process is quality
assured by requiring in a project’s specifications. The requirements should include:

1. The precaster facility be certified by the PCl Plant Certification Program;

2. The precaster have personnel certified in the appropriate levels of the PCl Plant Quality Personnel
Certification Program; and

3. The precast concrete erector be certified by the PCl Field Certification Program or the precaster have a
qualified person to oversee the work of the erector.

A general contractor should make sure to verify the different categories of certification involved with
these three requirements. A Plant Certification for APC requires two categories to be met within
Product Group A based on PCl Manual for Quality Control for Plants and Production of Architectural
Precast Concrete Products. These two categories are: Al for major, primary architectural panels and
products; and AT for miscellaneous architectural trim elements. A Plant Quality Personnel Certification
is a program that PCl has provided since 1974 and offers three levels (Level |, Il, and Ill) of certification.
The Field Certification Program also has three categories that an erector can be qualified in: A —
architectural systems (non-loadbearing cladding), S1 — Simple Structural Systems (horizontal decking
members, single-lift walls), S2 — Complex Structural Systems (category S1 plus all other structural
products, including loadbearing architectural units).

This certification process for a precast facility will involve an independent inspection by a third party
that will confirm the plant has the capability to produce a quality product and perform in-house quality
control efficiently. By contractually requiring quality assurance a general contractor can better ensure
that the project owner and architect are confident that materials, methods, products and the
manufacturer’s quality control procedures satisfy the requirements for a particular project.
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General Responsibilities and Coordination

For any project to be successful, close cooperation and communication are a necessity. A project that
requires architectural precast concrete is especially dependent on a high level of coordination to be
successful. The owner, architect, structural engineer of record, precast manufacturer and/or erector
and the general contractor must all be communicating efficiently and clearly defining responsibly based
on the scope of precast work to maintain quality of work and keep a project within budget and on
schedule. The following guidance will be intended for a GC as to what their responsibilities will entail
and the coordination required to carry out these responsibilities efficiently.

Before guidance for a GC’s responsibilities are discussed, it should be noted that the responsibilities of a
CM on an architectural precast concrete project can be quite different from those of GC depending on
the level of involvement they have has with the owner and architect during design. A GC has the
responsibility and authority of implementing the design intent of an owner and architect per a project’s
contract document s. This involves furnishing materials, equipment and labor, while maintain quality of
work and schedule requirements. For an architectural precast project this particularly involves the
furnishing of a precast product (explained in the above Production Selection portion of this study) and
the selection of equipment and providing unloading areas on site during erection, which is discussed
more in-depth in the following Logistics section of this study.

A GC generally does not have direct input during the design process for an architectural precast scope of
work, but can make a significant impact on the design process through their coordination role. A GC
should prepare for coordinating information regarding precast erection drawings, in addition to
reviewing and gaining approval through the architect for shop drawings, submittal samples, and
mockups. As the central HUB for project communication, the GC should also encourage (if not require)
direct communication between the precast, erector and architect to avoid miscommunication.

Shop drawings for any trade are completed and approved as a project works towards completion. In the
case of precast, a GC is responsible for dimensional interfacing of architectural precast concrete with
other materials and trades to ensure that structural tolerances are satisfied. The precaster/erector
should be notified when as-builts of structural framing elements vary from pre-determined tolerances
per the construction documents. One case in particular where this communication process with the
precaster is vital is coordinating steel attachments with a projects steel fabricator. The GC is typically
responsible for placing embedded items in a cast-in-place concrete structure and communicating these
locations to the steel fabricator per the layout or anchor plan supplied by the precaster. The most
efficient and economical approach in this circumstance is for the GC to have the steel fabricator
attached the precaster’s specified hardware to the concrete structure of a building. To initiate this this
early coordination process a GC should awarding contracts to the precaster and steel fabricator
simultaneously. Also, the GC should provide any as-builts to the precaster for these pre-installed
embedded anchors prior to erection to ensure there is no missing hardware. As mentioned in the first
analysis, erection of architectural precast concrete can begin before a concrete structure is entirely
complete, therefore, a GC should authorize when concrete floors and columns have reached their
design full strength and all formwork and shoring has been removed.

During the erection process a GC should notify the architect for inspections of installed precast concrete
panels. The GC also needs to coordinate with the precaster and erector to be present during these
inspections to answer any questions from the architect. A final punch list is also recommended for
erected and installed panels to eliminate delays for other enclosure trades.
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Logistics

Transportation

Transporting finished panels to a construction site is a major logistical issue that a GC must consider.
Transportation limitations should be considered during the design process but it is important that GC is
also aware of legal highway load limitations to avoid incurred costs with over-height, over-width or
over-length panels during the permitting process. Federal, state and local regulations often dictate the
size, weight and timing of shipping panels. Figure 4.2 below illustrates a typical trucking volume limits
for shipping.

Figure 4.2. Common Trucking Load Volume Limits

A common payload in many locales is 20 ton with the panel size limits shown | n Figure XX above. If a
panel can be shipped within these common trucking parameters a standard flatbed can be used without
requiring the aforementioned permits. A lowboy or drop deck trailer can be used to increase allowable
panel height for shipment to about 10 to 12 feet. However, a GC must consider that lowboy trailers are
often not a readily available for shipping and their shorter bed length can also limit the overall length of
panels being shipped. Allowable total heights (roadbed to top of panel) for shipping are usually 13 ft. 6
in. or 12 ft. depending on location. Special circumstances can require alternate routing to avoid low
overpasses and overhead restrictions. Restrictions generally limit panels to be from 10 to 14 feet in
width and some areas allow overall lengths of up to 70 feet, requiring only a simple permit, front and
rear escorts, and travel time limited to certain times of the day. Apart from the length, height and width
restrictions, load restrictions can vary widely on location. Typically, the load limit without a permit is 20
to 22 ton. In some areas payloads can be increases to 100 ton but it will require a special permit and
other areas have a strict restriction at 25 ton. A GC should keep in mind that exceeding these height,
width, length, and weight restrictions will require special permits that often add significant cost to a
project budget and should be avoided if possible.

Delivery, Staging & Erection

A GC should commit a considerable amount of time planning the delivery of panels to a construction site
and their erection once staged properly in an appropriate location. Erection costs are a significant
portion of the overall cost for installing APC panels for a building’s exterior envelope. The most
desirable approach for GC to use during erection is have panels loaded on a A-frame trailer in the same
orientation as they will be installed on a building’s exterior, allowing a crane to simply pick the panel
directly from the trailer into place. Yet, panels are often not shipped in a vertical orientation to allow
this process and rather are horizontally loaded on a trailer, which requires rotating panels in the air
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using rolling blocks. Both these approaches require that trailers have an adequate staging area on-site.
For a staging area to be suitable it must be easily accessible for trucks and mobile equipment and
reachable if panels are to be picked by a tower crane. Staging areas must also have level, stable and
well-compacted ground. A GC should plan ahead and known when these areas need to be used and
clear any other construction activity being performed in the general vicinity. Knowing this, site safety is
paramount during erection for both erection laborers and other trades working nearby. Safety concerns
and issues will not be cover in-depth for this analysis, as they were investigated in more detail in the
third analysis.

Crane Use

In most cases a precaster and/or erector will provide and use their own mobile crane during erection.
However, if a site tower crane is available for use the time required for erection can be significantly
accelerated as long as sequencing and logistics are properly coordinated. A GC should coordinate with
the precaster the anticipated maximum panel weights and pick distances to verify when a tower crane
can be used for erection. If a tower crane is lifting a panel that weighs close to its pick capacity the
allowable boom length can rapidly be shortened. For this reason when using a tower crane for erection
the GC should only authorize safe pick distances and unloading areas that are approved by the
precaster.
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Recommendations

The study performed to investigate the implementation of architectural precast concrete wall panels as
building enclosure system resulted in an in-depth guide for general contractors on product selection,
project team responsibilities and logistics. Although, much research went into developing the
implementation study, the actual final guide was kept rather concise. This was done to ensure that
could be used as a practical tool that a general contractor could reference when deciding on or
coordinating the use of architectural precast concrete wall panels on a project. Overall, the
implementations study would be beneficial to the general contractor, Clark Construction, on the
Wardman West Residential Project if the building’s exterior brick veneer walls were substituted with
architectural precast concrete wall panels proposed in the first analysis.

Kevin R. Kroener | Depth 4: General Contractor Implementation Study for Architectural |
Precast Concrete Wall Panels (Critical Industry Issue)



Appendix A

Kevin R. Kroener | Appendix A



Appendix A.1

Original Wall System Details and Section
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Typical Wall Section Detail
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Typical Relieving Angle Detail
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Appendix A.2

CarbonCast Insulated Architectural Cladding Product
Data
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_April CWPIEPE [FINAL REPORT]

Enclosure Systems

High Performance Insulated Wall Panels
Insulated Architectural Cladding
Architectural Cladding

carboncast

Innovative precast wall systems that are lighter,
better insulating and more sustainable.

@Acarboncast  gzcome
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CarbonCast Technology: One simple change, a multitude of benefits.

High Performance lrsulated Wall Pamel
FAGE S5

= Full compasite action for load-bearing
perfarmance

* Continuows insulation to meet ASHRAE 80.1
requiremants

= Apsthetic versatility

Aschitectural Cladding
FRLGE Bl

* Up to 50% lighter; enables reduced super-
structure and foundation

* Integral insulztion for improved A-value

= Virtwally unfimited aesthetic options

CarbanCast® Enclosure Systems use
advanced technology to imprave precast
concrete by integrating ultra-strong, non-
corrosive C-GRID® into the wall panels during
fabrication. By taking the place of steel
reinfarcement C-GRID provides a multitude
of benefits that makes factory-made precast
concrete an even more intelligent choice for
commercial building &melopes.

CarbonCast Enclosure Systam Salacha

T

Less concrete means
less weight, less
embodied energy and
a reduced carbon
footprint.

Depending on design, CarbonCast panels are
priced competitively with other curtairall
ayatems such as brick-venser, masonry, sted
walls or conerete. And after factoning in
reductions to supersiructure requirements
and potertial HWAL system and operating
aawings, CarbonCast enclosure systems can
help pay for themselves immediataly.

Enabling superior performance.

Lightweight, nan-corrosive C-GRID is

the “enabling technology”™ that allmvs
CarbonCast enclosure systams to be lighter,
inzulating, more durable and cost competitive.
C-GRID has many of the same srength-
waight benefits as high-performance
serospace carbon fiber, but at & significantly
Iewier cost. The carbon fibers wsed to make
C-GRID are over four times gtronger in tensile

sirength than steel by weight. Each carbon
fiber “tow” or strand is comprised of thousands
of ukre-fine fibers that are bundled together.
Thiess tovws are assembled perpendicilar to
each other into & grid using & condinuous
ratary-fonming process that chemically binds
them with a tough, heat-cured & posy resn.

It takes jet fighters o Mach 2

Imagine what it dees for precast.

The exceptional strength and durability of
carbon fiber translate to several enhance-
ments to the performance of precast
concrete enclosure systems.

Lighter Weight. Because carbon fiber resists
corrogion, CarbonCast cladding with C-GRID
in the face requires less protective concrete

High Performance Insulated Wall Panel

Length L 1o BT Lp 1o 30¢ Lo 1o 3T
\Width U o 13 Up to 14 Up o 14
Thicknese B-12° [ P F
Weight PSF =5 3845 3150
F-ailuz 10-37 -0 <10
Continwous Insulation Yes e N
Fire Aating 2 hre 2 hrs 1-2 href
Load-bearing Optional Optional o
Paintable Interior Face Yes e N
WindowDoor Recess - 1= -1
Love- and Mid-Aize ] ] ]
High-Fise = | "
Poor Soil ] | ]
*emght tcim mix. *Amerbh orng i will 7y g ﬂﬂ_iﬂﬁtd&ﬂ‘wiv—hﬂﬁf"mh—:—

H reecouns
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CarbonCast Insulated Architectural Cladding

« Cominuous insulation to meet ASHRAE requirements
«Up to 40% lighter; enables reduced superstructure and foundation

« Lowers carbon footprint
=« Aesthetic flexibility

The only
thermally efficient
architectural panel on the
market, CarbonCast® Insulated

Architectural Cladding offers weight
reductions of about 80% compared 1o solid,
& thick precast and is enginesred to deliver
inaulation values of B-8 or mare.

The design of this CarbonCast system & based
an the extensively tested CarbonCast High
Performance Insulsted Wall Panel. CarbonCast
Insuleted Architectural Cladding is intended for
horizontal and vertical placement a8 a non-laad-
bearing spandrel or column cover. The similarity
in sandwich design means the CarbonCast
Insuleted Architzctural Cladding panels are
engineered 1o exhibit the excepiional strength
and durability benefits of their brethren.

COMMERCIAL AND
INSTITUTIONAL USES

= Mid- and high-rise office buildings
» Mubi-umit residential

= Mixed use commercial/residential
= Healtheare lacilities

= Bdwcation

« Hotels/Dormitaries

Highly imsulated for lower emergy
cansumption.
CarbonCast Insulated Architectural Cladding
features edge-to-edge continuous insulation
{cil. The resulting thermally efficient paned pro-
wides steady-state R-values of R-8 or more as
additional insulation is incorporated betasen
the panels inmer and auter wythes. AltusGroug®
precasters can use sither EPS, KPS ar Foly lso
foam insulation depending an design require-
ments. All the insulation you need can be pro-
wided by the panel. Additionally, the physical
properties of precast concrete provide a bene-
ficial thermal lag effect that can further reduce
HYAL demands.

Lightweight and siromg coexist

b sutifudly.

CarbonCast Insulated Architectural Cladding
features inner and outer wythes 1% thick
and up [depending on reveal depthl The
wythes sandwich a layer of insulation of
wsually  or more depending on R-value
demands. The thicker you specify the insul-
ation layer, the higher the R-value can be.

C-GRID® shear trusses connect the inner and
outer wythes of concrete. CarbanCast Insulated
Architectural Cladding can aleo inconporate
C-GRID imo the exteror face in deep revesls
which would othensize be Emited with the use
of steel mesh.

Reducing the amourt of concrete lpwers the

panel weight. Inner and outer wythes of 1%°

result in total eoncrets thickness of 24, That's

A0% less conerete than & conventional & -thick

precast pangl, which decreases embodied

enengy. The dramatic weight reduction delivers

significant benefits.

= Reduced load/superstructure: In most cases,
lighter panels mean the building’s supersinue-
ture and foundation can be engineered for
less dead load, resulting in cost savings and a
lowier carbon foatpring

= Lower transportation costs: Precasters can
ship more panels on each flatbed truck, lower-
ing costhy fuel consumption.

= Smaller cranes: Crane sze and expenss can
be reduced with lower-weight panels.

= Seismic performance: Lighter panels are
generally more desirable in high-s=tsmic aress.

Architectural finishes abownd

AlnusGroup® precasters are able to incorporate
& wariety of architectural finishes into CarbonCast
Insulsted Architectural Cladding to create a
distinet, expressive facade that will meet a
wide wariety of design needs. An azsortment
of architectural elements such as eomices,
bullmoses and reveals can be cast into the con-
crete carefully and cost-efficiently. Embedded
finishes and veneers such as thin brck can stz
be used as well 8 simulated limestone or gran-
ite instead of extracted rock to further reduce
raw material extraction. In addition, CarbonCast
Insulsted Architectural Cladding can be epeci-
fied with & prefinished interior wythe. A steel-
trovweel treatment during manufacturing imparts
& smooth, durable, surface ready for peint ar
wallcowering and ideal for applications like
dormitories and apantments.

S page 5 lee Windew Toes Head and 53 detail.

Addithonal lechnical informatbon .

is available al allugprecastcomyprodects  ®

= ]
Wi o Reash

Frimasy Sasioacey

Ear o Sl Vemh Do

C-LAT Fwar km ==

o |l
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Vertical Section

Exterior Interior
Concrete with
Brick or Reveals
Primary Reinforcing
Concrete

C-GRID’ or Steel Mesh

C-GRID* Shear Truss i

Foam Insulation

Insulated Architectural Cladding
Horizontal Section
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Backer Rod
Concrete

Steel Mesh
Foam Insulation

Sealant

C-GRID’ or Steel Mesh

Primary Reinforcing

Insulated Architectural Cladding
Thermally Efficient Butt Joint

Concrete
| i Steel Mesh

C-GRID® or Steel Mesh

Foam Insulation
Minimal Solid Zones of Concrete

Sealant

Insulated Architectural Cladding
Thermally Efficient Butt Comer Detaill
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C-GRID’ or Steel Mesh

Y
I.

Backer Rod _:T
|

Foam Insulation _'_.
1

Steel Plate

i Steel Plate

Concrete __l_..

C-GRID’* Shear Truss __l,_ R
1

Steel Mesh 1

1

1

1

C-GRID” or —p g 1
1

1

1 1

Insulated Architectural Cladding
Themally Efficient Miter Corner Connection Detail
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Appendix A.3

Thermal Energy Performance Study
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Existing Brick Veneer Wall System R-value Results

‘ TOOL NO.
R VALUE ANALYSIS
MATERIALS
|air film {int). 3/4 in. j Help ‘ STARTICLR ‘
[ oo | oo [ | _conen |
‘ ‘ Print ‘ WallLyb ‘ TOOLBOX ‘
Layer| Generic Material ‘ Thick. | R val. ‘
1 air film {ext). 3/4 in_ 0.75 017
2 brick. (vented). 4 in. 3.50 0.64
3 | cavity. 2in. 2.00 0.98
4 rigid ins_.{extru ). 3 in. 3.00 15.41
5 poly film, { 4mil) 0.00 0.12
6 gypsumbd. 5/8in.. (#2) 0.63 0.46
7 steel stud. 3-142 in. 3.54 0.12
8 | poly film, { 4mil) 0.00 0.12
9 |gypsumbd. 5/8in_ (#1) 0.63 0.46
10 air film (int). 3/4 in. 0.75 064
11
12
13.30 19.11
K| 2|

This software is licensed to: PENNSYLVANIA STATE UNIVERSITY

Proposed APC Wall Panel System R-value Results

‘ TOOL NO. 1 ‘
R VALUE ANALYSIS
MATERIALS
‘air film {int). 3/4 in. j Help ‘ STARTICLR ‘
[ Conee | v [ e an|—comen_|
‘ ‘ Print ‘ wallLyb ‘ TOOLBOX ‘
Layer‘ Generic Material ‘ Thick. ‘ R Val. |
1 air film {ext). 3/4 in. 0.75 017
2 brick. facing. 1/2 in. 0.60 012
3 concrete bd., 142 in. 0.50 017
4 concrete wall. 4 in. 4.00 058
5 rigid ins_{extru.). 3 in. 3.00 15.41
6 concrete wall. 4in. 4.00 058
7 poly film, { 4mil) 0.00 0.12
8 gypsumbd. 5/8in.. (#1) 063 0.46
9 air film (int). 3/4 in_ 0.75 0.64
10
11
12
Total or {Layer 0} 1263 18.24
ETH| 2l

r CLIMATE CONDITIONS
Winter Summer
Temp{°F) RH{%4) Temp(°F) RH{3)
Indoor| 70 |[ 26 | [ 76 |[ 60 |
Qutdoor| 15 |[ 70 | | 95 || 57 |
City |Washingt0n, DC j
°F) WALL SECTION & (°F)
TEMPERATURE GRADIENTS
160 4 el — 160
140 4 @ 140
120 4 120
100 4 100
Dpt | 80
78
60 4 - 60
40 4 rl:%g
201 I_
0 F 0
-20 { L --20
ué‘*
— Summer |
« Standard Wall ¢ Wider Wall
r CLIMATE CONDITIONS
Wwinter Summer
Temp(°F) RH(26) Temp(°F) RH(%)
Indoor| 70 || 25 | | 75 | s0 |
Outdoor| 15 | 70 | [ 95 | 57 |
City |Washingt0n, DC j
°F) WALL SECTION & (°F)
TEMPERATURE GRADIENTS
160 - . - —r—l— 160
140 4 140
120 4 120
100 4 -100
Dpt - 80
78
60 4 - 60
N rl?ig
201 |_-

0 -0
-20- t-20
‘ —Winter — Summer |

«+ Standard Wall © Wider Wall

This software is licensed to: PENNSYLVANIA STATE UNIVERSITY
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Proposed APC Wall Panel Condensation Results — Winter Conditions

- CLIMATE CONDITIONS ————————————————
O Summer
TOOL NO. 2 Tmp("F) RH(%)
CONDENSATION ANALYSIS tL 75 || 50
95 57
HAERIBES city [washington, DC -]
|air film (int). 3/4 in. j Help ‘ STARTICLR ‘
i WALL SECTION & VAPOR i
‘ ‘ ‘ ‘ Convert ‘ (in.Hg| PRESSURE GRADIENTS (in.Hg
1.35 _ 1.35
‘ ‘ Print ‘ wallLyb ‘ TOOLBOX ‘ Bd B : I
£ i - 1.20 v fi 1.20
1.05 v, i 1.05
Layer| Description | Rvap ‘ vV Drp | Vp(i‘ . /// l :
1 [air film (ext). 3/4 in_ 0.001 0 0 0.90 = i 0.90
2 brick. {vented). 4 in. 0.191 2 0 i:i.
3 | cavity. 2 in. 0.016 o o |0 ¥z ;- D
4 [rigid ins_.{extru ). 3 in. 2,601 21| 0 | g6 Y i 0.60
5  poly film. { 4mil) 11.443 91 0 i
6 gypsum bd.. 5/8in.. (#2) 0229 2 0 s i g i <
7 | steelstud. 3-1/2 in_ 28.607 227 0. | o3 = i [ 0.30
g poly film_ { 4mil) 11.443 91 0. L g 1 Vap
9 | gypsum bd.. 5/8in.. (#1) 0229 2 0 015 1 LAt ICont.— 0415
10 air film (int). 3/4 in. 0.006 0 0 |0l bl I o
1 0 4 8 Y12 e
12 | ...No Condensation... |
TOTAL or (Layer 0) 54991 436 | (0.4~ * Standard wall © Thicker wall
< ,
This software is licensed to: PENNSYLVANIA STATE UNIVERSITY
Proposed APC Wall Panel Condensation Results — Summer Conditions
- CLIMATE CONDITIONS —————————————
O Winter . ® Summer 6
TOOL NO. 2 Tmp("F) RH(%) | Tmp({°F) RH(%) i
CONDENSATION ANALYSIS | | tooor | 10 [/ 20 | [ 7 | &0 |,
Qutdoor 15 70 o133 b7
LESTERIALS City |Washingt0n, DC j
[air film (int). 324 in. -l Hep ‘ STARTICLR ‘
l WALL SECTION & VAPOR
‘ ‘ ‘ ‘ Convert ‘ (in.Hg PRES SURE GRADIENTS (in.Hg
270 . . / 270
‘ ‘ Print ‘ wallLyb ‘ TOOLBOX ‘ 2a0 [Ext ) 0
P 210 ‘- 210
Layer| Description | Rvap ‘ vV Drp | Vp(i‘ . % .
1 |air film {ext). 3/4 in. 0.001 0 0 1.80 1.80
2 brick. (vented). 4 in. 0191 6 0 Yap :%\
3 cavity. 2 in. 0.016 1 o |90 v 1.30
4 rigid ins_(exiru). 8 in. 2,601 82 | 0 |1m 7 0
§  poly film. { 4mil) 11.443 360 0 i
6 |gypsumbd. 58 in.. (#2) 0.229 70 os0 | |50 7 2D
7 | steelstud. 3-1/2 in_ 28.607 901 0 26 i % e
g | poly film. { 4mil) 11.443 360 0 %
9 |gypsum bd.. 5/8 in.. (#1) 0229 7 0 0.30 % e
10 | air film (int). 3/4 in_ 0.006 0 0 o 1 L b T
1 0 4 8 Y12 e
12 | ...No Condensation... |
(
. TOTAL or (Layer 0) 54991 1.726 (0’.‘ - & Standard Wall ~ Thicker wall

This software is licensed to: PENNSYLVANIA STATE UNIVERSITY
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Proposed APC Wall Panel System Condensation Results — Winter Conditions

- CLIMATE CONDITIONS
| ® Winter © Summer
TOOL NO. 2 Tmp(°F) RH(%) | Tmp(°F) RH(%)
CONDENSATION ANALYSIS Indoor| | 70 |26 L
Qutdoor! 15 70 95 57
CESMERIALS City ‘Washington, DC j
|air film {int}. 3/4 in. j Help ‘ STARTICLR ‘
; WALL SECTION & VAPOR i
‘ ‘ ‘ ‘ Convert ‘ (in.Hg PRESSURE GRADIENTS (in.Hg
135 . o 135
T = T
‘ ‘ Print ‘ wallLyb ‘ TOOLBOX ‘ 2 [Ext. al-: -
Layer‘ Description ‘ Rvap | vV Drp ‘ Vp(i‘ e e
1 air film (ext). 344 in. 0.001 0 0 DT 0.90
2 brick, facing. 1/2 in. 0.358 9 0
3 concrete bd.. 1/2 in. 0.381 9 o [P B
4  concrete wall. 4in. 1.430 35 0 0.60 0.50
5 rigid ins.{extru). 3 in. 2601 63 0
6 concrete wall. 4in. 1.430 35 0 s s
7 poly film, { 4mil) 11.443 278 0 030 0.30
8 gypsumbd.. 5/8in.. (1) 0.229 6 0
9 air film {int). 3/4 in. 0.006 0 0 1HE 055
10 0.00 0.00
11 8
12 | ...No Condensation.... |
TOTAL or {Layer 0) 17.953 436 (0., & Standard Wall © Thicker Wall
KIN 3
This software is licensed to: PENNSYLVANIA STATE UNIVERSITY
Proposed APC Wall Panel System Condensation Results — Summer Conditions
r CLIMATE CONDITIONS
© Winter ;. ® Summer g
TOOL NO. 2 Tmp(*F) RH(%) | Tmp{°F) RH(%) !
CONDENSATION ANALYSIS Indoor | 70 || 25 =i 78 || 80 |
QOutdoor 15 70 96 57
CATEREALS City ‘Washington. DC j
|air film {int). 3/4 in. j Help ‘ STARTICLR ‘
l WALL SECTION & VAPOR
‘ ‘ ‘ ‘ Convert ‘ (in.Hg| PRESSURE GRADIENTS (in.Hg
2.70 - _ 2.70
) i | R 1
‘ ‘ Print ‘ wallLyb ‘ IO0LBOX ‘ »ao | EX4 find]
Layer‘ Description ‘ R¥ap ‘ ¥ Drp ‘ Vp(ﬂ 210 210
1 air film (ext). 3/4 in. 0.001 0o 0 Q5T 1.80
2  brick. facing. 142 in. 0.368 36 0
3 concrete bd.. 1/2in. 0.381 37 0 = =
4 concrete wall. 4in. 1.430 138 0 1.20 1.20
5 rigidins_(extru). 3in. 2.601 251 0
6 concrete wall. 4in. 1.430 138 0 2D 2D
7 poly film,_ { 4mil) 11443 1,004 0 | g e
8 gypsum bd.. 5/8in.. (#1) 0.229 22 0
9 air film (int). 3/4 in. 0.006 1 0 e LY
0.00 0.00
S
11 0 4 8 12979
12 | ...No Condensation... |
TOTAL L 0 (v -
- or {Layer 0) 17958 | 1.725 (({f « Standard Wall  © Thicker Wall

This software is licensed to: PENNSYLVANIA STATE UNIVERSITY
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Appendix A.4

JVI Slotted Insert Product Data
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INSERTS

FOR PRECAST CONCRETE
PANEL CONNECTIONS
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WHY A SLOTTED INSERT?

The early use of slotted inserts was in
response to a need to move away from a
myriad of complex and costly connection
schemes and forward to an engineered
prefabricated adjustable connection
system providing the measurably
consistent performance characteristics
so necessary for credibility. They were —
and are - an easy, safe, accurate, and
economical method to locate and connect
precast panels to framework while
dramatically reducing erection costs.

WHY PSA SLOTTED INSERTS?

A fresh look at design concepts,
manufacturing methods, and performance
characteristics have resulted in numerous
innovations that have pushed the
evolution of the slotted insert to the next
level...the PSA slotted insert!

4-WAY ADJUSTMENT
BOLTED TO FRAMEWORK.

CONSIDER THESE INNOVATIVE FEATURES:

* The medular design concept offers improved pull-out
capacity of the basic insert. Higher capacities - up to
30 kps (ultimate) — are easily achieved by the
addition of component parts

* The 10tally automated manufacturing precess offers
the crecbility of consistent periormance levels not
praviously possible

* Improved corrosion resistance is being mandated
throughout the construction industry. The PSA
slotted insert and strap anchor ulilizes the J-finish
a remarkable new patented 3 step coating process
developed by the automotive industry. Salt spray
tests have rendered such supenor results that
traditional coatings of eépoxy and hot-dipped
galvanized are obsolete.

* Extensive performance reports provide the highest
level of credibility and are reacty available on
request. Repors include.

Test #1: Pull-out capacity

Test #2: Pull-out capacity near edge

Test £3: Shear capacity

Test #4: Pull-out capacity, sandwich panels
Test #5: Pull-out capacity, end of insert
Test #6: Corrosion resistance

Test #7: 30 KIP load capacity

-l
2-WAY ADJUSTMENT
WELDED TO FRAMEWORK.
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T INSERT | ULTIMATE | ULTIMATE | AVAILABLE INSERT | ULTIMATE | ULTIMATE | AVAILABLE
TYPE PULL OUT SHEAR | ADJUSTMENT TYPE PULL OUT SHEAR | ADJUSTMENT
CAPACITY | CAPACITY CAPACITY | CAPACITY

4525 | >13,400Ibs. | >200001bs. | 2-7/8" | 6025 | >13,400 ibs. | >20,000 Ibs. | 438"

INSERT | ULTIMATE | ULTIMATE | AVAILABLE | [ INSERT | ULTIMATE | ULTIMATE | AVAILABLE

TYPE PULL OUT SHEAR | ADJUSTMENT TYPE PULL OUT SHEAR | ADJUSTMENT
| CAPACITY | CAPACITY | | capaciTY | capaciy |

4535 | 518,800 1bs. | >20,0001bs. |  2-7/8" 6035 | 518,800 Ibs. | >20,000 Ibs.|  4-38°

INSERT | ULTIMATE | ULTIMATE | AVAILABLE | TINSERT | ULTIMATE | ULTIMATE | AVAILABLE
PULL OUT | SHEAR | ADJUSTMENT TYPE PULL OUT SHEAR | ADJUSTMENT
CAPACITY | CAPACITY CAPACITY | CAPACITY l

| 521,500 Ibs. | >20.000 Ibs. | 2-9/8" | [ 6045 521,500 1bs. | 20,000 bs. | 3-5/8"
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STATE-OF-THE-ART
CORROSION RESISTANCE

J-FINISH is a patented 3 step process (dip,
rinse, and seal) developed by the automotive
industry as a necessary improvement over the
traditional inconsistent methods of hot-dipped
galvanizing. It was an obvious choice for the
PSA Siotted Insert and Strap Anchor. Full
documentation of this advanced coating
technotogy can be found in PSA Test Report #6
on corrosion resistance. Of special note is that
the J-Finish (only .0005" thick) can be applied to
the threads of strap anchors...traditionally the
area most vulnerable to corrosion. Moreover, the
choice of the J-Finish dramatically reduces toxic
fumes generated from welding and does not
contaminate a weld.

THREADED
STRAP =
SAFETY

SAFETY is always the highesl priority
in the development of new producls at
JVI. That is why a nolched strap could
not be considered. There 1s simply 100
much risk of failure. A threaded strap,
conversely, provides a dramatically
more positive connection methed while
maintaining the highest level of safety
and ease of use

+ SAFETY ISSUES +

® Tolerance Variations

If notched straps are not installed at
90° to the insert, pull-out strengths are
partially compromised. A threaded
strap anchor can be rotated to any
angle to salely accommodate any
variation or irregularty without loss of
puli-oul capacity.

@ Eccentric Loading

Shear forces cause eccentric loading
on insens, The notched method
concentrates these forces over its
narcow 3/8 inch width which can result
in a “can-opener” type failure of the
insert lips. The threaded methed - with
i1s heavy duty nut (and opticnal
washer) disiributes these forces widely
and evenly across the insert lips

@ Erection

The notched strap anchor must be

placed after the panel has been

placed and requires at least 2" of

clearance to retate to 907 into the

nserl. If the insert was placed 100 low,
tipping the panel away from the frame

1o clear the insert opening may putthe
installer (fingers, hands, etc.) in harms

way.
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- PSA STRAP ANCHORS

INNOVATIVE 5
FEATURES T
INCLUDE: "

@ Flush placemant of the threaded rod allows flat
placement of the strap anchor thus eliminating the
nieed lor cumbersome shimming

e Y@
& The JHinish applies full protection onto the threads [%L £

{iraditionally the area most vulnerable o comasion). L I— -

10° gr 127

A
—

& A jam nul is supplied 10 accommodate the 'push-pull'

- e
movamant of wind loacs EHELH.Q_AMGIT\' 2" WIDTH
Eccentricity KIPS - Avg
B Whan verlicsl movemant is desined, the infroduction 1 ] a0z
of a flal washer betwesn the jam nul (lighlened TS 75
finger tight”) and the insert promadas full movement N S B Y
2
@ Tension capacity exceads 30 KIPS 21 [ 132
3'_ 1T 1 1:3 |

@ A range of strap anchors provide a range ol Shear
capaciies while cifering dramatic savings Cuwr standard 2° wide welded strap anchor provides
thi Highest shear capacity,

| LN =
: - : L
o k' -/_\ B \;\‘,}‘ .,
5 W, , = B,
- W *, | %, N
. ™, , . s, N
- \"\ ™, = \"*\ M,
L B ", .- \\\\ "-.x
a0 i N, . \
. M N \ N,
i [ \ e b \ \{z%
11 7T- S mhnT:
B[ ‘% B [
=t | —
SHEAR CAPACITY - 1 1/2" WIDTH _SHEAR CAPACITY - 1" WIDTH
_Eccentricity KIPS - Avg Eccentricily KIPS - Avg
1" 17 1 1.4
T T 158 ' 112" a1 |
I I 3 B
L 12.2 22 6.9
3 1.2 23 X
Cur Non-Welded Monalithic 1-1/2° wide strap Our Non-Welded Monalithic 17 wide strap anchor
anchor provides very high shear capacily al i5 the ideal solution for low shaar applications at

significant savings. dramahic savings.
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#4545 ILLUSTRATED

SERIES 6000

SERIES 4500

(A) LENGTH (OVERALL)

5 3/4"

B LENGTH (EXCLUDING
PLASTIC TAB)

41/2"

(C) WIDTH (OVERALL)

41/8"

(D) WIDTH (AT BASE)

o

(E) DEPTH 4525 (NO STUD)
4535
4545

2112°
312"
412"

(F) ADJUSTMENT 4525
4535
4545

27/8"
278"
2 1/8"

'G) CENTER TO CENTER
(ON SAME SIDE)

112"

(H CENTER TO CENTER
(ACROSS INSERT)

2 314"

(J) TOP OF INSERT TO WING

11/4"

K) HOLE DIAMETER

9/16"

(L) STUD HEAD DIAMETER

7/8"

ENGTH {OVERALL)

7 1/4"

B) LENGTH (EXCLUDING
PLASTIC TAB)

6"

) WIDTH (OVERALL)

41/8"

WIDTH (AT BASE)

2"

(E DEPTH 6025 (NO STUD)
6035
6045

212"
312"
41/2"

(F) ADJUSTMENT 6025
6035
6045

4 3/8"
4 3/8"
3 5/8"

G/ CENTER TO CENTER
(ON SAME SIDE)

212

(H CENTER TO CENTER
(ACROSS INSERT)

2 3/4"

(J) TOP OF INSERT TO WING

1 1/4"

(K HOLE DIAMETER

9/16"

(L) STUD HEAD DIAMETER

718"

M STUD LENGTH
6035
6045

2 14"
3 1/4"

M STUD LENGTH
4535
4545

#6045 ILLUSTRATED

2 1/4"
3 1/4"
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TYPICAL PSA STRAP ANCHOR CONNECTION

-

STRAR-
ANCHZA

STEPPED HAIR PIN REINFORCEMENTS
NEAR EDGE

24" Mn. Cover

g

e

3

SECTION

MATERIAL SPECIFICATIONS: WEIGHT-INSERTS:
INSERTS ) ) ; Kt

[I™]

560

0 30/
o HSN-ED5 0096 035 2 1.043
ASTM BE33 Typs 11400005 Thi 45 25 1134
» Dicromans Rinst + Sedl Ooal
| Patemas WEIGHT-STRAP ANCHORS:
STRA® ANCHORS
Steel

A A

n, kgt
1 544 .
g Nin Cover \ Hakprm

307

Tod Studs
Hinsh SUGGESTED CORNER DETAL
(IN ADDITION TO PANEL REINFORCEMENT)

SPECIAL DOUBLE TEE CONNECTION

TO HANG CEILING SERVICES...(CRANE RAIL, CONVEYORS, ETC.)

FRONT VIEW

DOUBLE TEE STEM 1 DOUBLE TEE STEM

SIDE VIEW

Kevin R. Kroener | Appendix A



Appendix A.5

Crane Resizing Selection Sheets and Site Logistics Plans
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[FINAL REPORT]

April 9, 2014

izing

New S

Original Sizing
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SK 415-20

Jib Layout

1y @ ©
[ 2) ‘»f'-l (4) 5) : &) s
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i
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o i 236 ey
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- e e
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e
T
: [}
T
7
j L s e ¥ 22,850k
1r =] 10000 kg
2l%em

Counterweights

246+h Jib 230-k Jib 213-k Jib 197-f Jib 180 Jib 164+ Jib 148+ Jib 13140 | 115k b
8A 8A 8A 8A 7A 7A 7A 6A 6A

54,675lbs | 54,675lbs | 54,675lbs | 54,675lbs | 47,8400bs | 47,840 0s | 47,8400bs | 41,000k | 41,000 bs

24800kg | 24 800kg | 248004y | 24800k | 21 700kg | 21 700kg | 21700k | 18 600ky | 18 600 kg

NOTE! Coustervwanght nbarmenion chow cupbes B Zpor asd Spot opaatos. Winght of he A Block u 6,835 Ibs (3100 kg, Coumtnminghts musr be nusaled fam sear 10
fony, .. oward e owee § b recocmanded $ia! the waich! of aceh countrweight be winiad bedon installission. Coumarweight figeras dispknad in the chat chowe one for
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SK 415-20

Radius and Capacities

Bk | lble Mmimm 8] 33 | @ | 6 | £ | @ |05 | 130 | 1@ |14 | 1@ | 197 | n3 | @ |
Reuch | Modin | Comity-lodn |m| 10 | 15 | 0 | % |20 | 5|00 | 6|0 | 5 |0|&|n]|n
ik | 27 | 2mmsoms-1eem |ms|z20s | ros | roose| zaso {220 | 19,600 {16,600 | 14300 12540 10,050 9790 | 8730 | 7,030 | 7050
Poo | Mfs | 10000k-30sm | ks| 0000|1000 rocoo| 1o |tocoe| 8o | 750 | s 520 | Sase | Sono | dak | 3060 | 3550 | 200
20k | msT | 2msoks-17m | k|220s |10 | zyose|z2eso f22ese 22,00 19,100 16600 [14 530 12,850 |10, ss0 [ o270 | 5 260
it T B JI'I‘MJ?—'H.GH- J:fr IV NN | N Ol R el R e N R | R ] A0 | TR ) AR ] SE30 0 S | A0 | 4

g | 238 | 297 | 200501k ({72050 720Sh 72050 PL0SD |22 22,050 21,50 18,650 1639014530 1290 11,30
i5n | sidm | 10000ks-292m | kg | h0oo0| 1o 000| rooon| 10 cn| 10 coe| 1000 90 | g460 | 73| 65s0 | 580 | 5300
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T A I T S e 1 WS KM R ] e L
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Tl| ssn | %w | 10owig-4sn | k| ro0o0] toooo| rocoe| 1ocoe| o oo | 1o soo| aoooe| # e | 87 | e

 SETTRmT 00600 1558 | | T3050 | TL050 | 22,050 | 22,050 | 22,050 | 2,050 | 21,050 | 22,050 20,500

O | stn | 57w | I000kg- 473w | ks|10000| 10000| 10c00| 1000 | 1o coe| 1o aon| 1o oon| a0 ooo| ¢ 300
Mk | 153 | ommsome-t4sh || T0sn 72050 |z esh| 7250 |05 (22,00 | 22,050 | 22050
#5n | 4w | 10000kg-45m | ke| 10000 1o 00| 1o coo| 1o cee | 10 coe| 1o ooo| 10 ooo| 10 oo
e | 196900 | 2msols-1318 b | z0s0 72050 | 22,080 | 22080 |25 22,00 | 22,050
dm | 47w | 10000kg-d0w | kg | 10000 1o 00| 1o coo| 10 coe | 10 coo| 1o ooo| 10 oo
N5k | 105 | 7Dsils—1158  |hs|72050 | 72050 | 72050 | 2yes0 [ 00 | 0
#n | % | 10000kg-350 | ke| t0oo0| 1o0o0| roooo| 1o cee| o coo| 1o oo

Capacdty

T30 s (10 000

72,050 lbs/70 000 kg - - T e 2-Part Line

hlii]

19,840 Ihe /9 000 by NN Ty
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Concrete Structure Phase — Original Tower Crane Locations and Sizing

wOODL

Tre e w oo

.

Legend

AOOOOEOEEOOEOOOEOOOOO

Building Under Construction

Existing Building

MU

Material Staging

Construction Fence
Site Gate

Dumpster

Subcontractor Trailer
Site Parking

GC Trailer

GC C-Container

Wash Rack
Temporary Road

leomill

Tower Crane 2
Tower Crane 1

—>  Site Traffic
P—

Pedestrian Traffic

INNNNN]  Delivery Truck Staging
I clectrical Vaults

—————— Permanent Utility Connections

The Woodley

Woodley Park
NW Washington, DC

Site Utilization Plan
Phase 2 Residential —

Structure

Tie JBG Companies

Kevin Kroener
Construction Option

4/9/2014
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Concrete Structure Phase — Revised Tower Crane Locations and Sizing

Legend

Building Under Construction

Existing Building

MO

Material Staging

Construction Fence

Site Gate

=
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e

Dumpster

Subcontractor Trailer
Site Parking
GCTrailer

GC C-Container
WashRack

leomzn i

Temporary Road

Tower Crane 2

Tower Crane 1
I Site Traffic
€

Pedestrian Traffic

ANNNN Delivery Truck Staging
| ] Electrical Vaults

—————— Permanent Utility Connections

®@OOOOOOOAROOOOOOOOO

The Woodley Site Utilization Plan _ Kevin Kroener
Woodley Park Phase 2 Residential — Construction Option
NW Washington, DC
Structure 4/9/2014
The JBG Companies
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Exterior Skin Phase — Erection Staging Area Locations

- Legend
§. @ : Building Under Construction
;: @ I:l Existing Building
€] B, () BBEEA  WaterialStaging
~ ' = “; _/].'J'r Y @ — — —  Construction Fence
. — 2iesseees @ M1 Site Gate
= : @ - "..;-‘_‘_, @ ~r.“' Dumpster wy Ext. Trash Chute
+* 1o gl
: '-" o @ [ | Subcontractor Trailer
N . | ? 4 Woodley Footprin () EFER SiteParking
e +s L 8-Story Building @ - GC Trailer
! 4
T @ ] GC C-Container
@' BSSN Wash Rack
@ —3 Temporary Road
= ] Mortar Mix Station
@ ﬂ Material Hoist
@ —>  Site Traffic
S
@ Pedestrian Traffic
@ SO0 Delivery Truck Staging
& @l [ ] Electrical Vaults
Eldd ]l (=) === Permanent Utility Connections
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The \.i”ﬂ"llilll'.lll'.i|E‘jr Site Utilization Plan CL‘ARI\ Kevin Kroener
COMNSTRUCTION
Woodley Park Phase 2 Residential — Construction Option
NW Washington, DC
Skin/Finishes/Site 4/9/2014
The JBG Compaies
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Exterior Skin Phase — Erection Crane Use Sequencing
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Appendix A.6

Original & Revised APC Panel Project Schedules
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Original Project Schedule

0 [Task Name Diranion Finih 2001 T2002 [2ma

mn 2014 [m015
g | o w [ o+ | o1 | o g | oe | e [ a [ @ [ o | m g | o | o
1 |Wardmn West Residenital 717 Thu Fri
z Warmain West Residential 717 Thu Fri Ef1E 314
Canstruction days &f1E/11 3f14/14 Wa Wast Residestial b
3 Suppart of Excavation 122 Thu Sat L e 173
days  &f16/11 13/3/11 Spgtn't of Encanvation
4 Below Grade Struchere 209 Tue Fri L ey 9114
days 11/25/119714/12 Bulsw Grade StFuctufe
5 Cononete Strscture ta Ddays ‘Wed W /29 ¢ Concreta Serectune Lo Grade
Grace Bf25/12 Bf19f12
& Abowe Grade Structure 136 Wed  Wed ey F
days B/25/12 3fe/13 Abgws Grade Sruchee
7 Above Grade Structune 135 Wed Wied L e
days  B/29/12 3/6/13
1z Concrete Struscture & Odays  Wed Wied 36 ¢ Concrets Su B Penth Frassing O
Penthouse Framing 3f6/13 3fe/13
Complete
15 Exterior Skin 258 Thu Mon S ——— 1111
cays 11/15/171 511113 Extisrior Skin
m Exterior Skin 244 Thu Tse v v
davs  11/15/110/22/1
e Support & Balcony 5% days Thu Tue 1015 o 35
Sreel, Relief Angles 11/15{1225/13 Suppoert & Balessry Sueal, Reliel Angles
1 Exteriar Framing BOdays Wed  Tue 10— 119
11/28/122/19/13 Estaior Frasisg
B Extersar Sheathing 7 Wed Thu N ey 1A
cays 21312 711113 Extarier Shaahing
M Air Vapar Barrier o7 Thu  Fr U — 12
cays 21413 7M12/13 ir Vapor Barrier
= Arick 163 Fri Tue 38 | ) 1ofx2
cays 3/8/13 10yIIf13 Brick
= Stone 124 Tue Fri N —— W27
cays 4/9/13 9/27/13 Sles
Fr) Penthouse Brick 20 days Tue Mon EF3 g 99
B813/12 9/9/13 Pasthouse Brick
B | watertight Ddays Fri Fri /19 g Watertight
Ti1%/13 7419013
= MEF Core & Shell 148 Tue This 0 e 57
I cays /12 562013 MAEF Core & Shall
S Elevator install 159 Tue Fri N e, B30
days 1f22§13 B8f30/13 Elervates Install
31 | Unit Bulldout 46 days Fri Fri 16 i T
12/6f13 2/7/14 Uit Bl diut
n Lobbey/Carridor Busldout 372 Thu Fri ey E
cays 10117173 /14/14 Lobby\Cerrides Buildsut
33 Sitewori/Site 451 Fri Fri B . T
Imiprosemats days &f1f12 2f11/14 Siuwork/Sile Improvessnts
£ Final Inspections/Froject 128 Tue Thu Y ey 2T
Comgpletion days 9/3f13 2/17/14 Final Inspections Propd Ceespbati ==
£ Substantial Completian Dclays  Fri Fri a1
31414 3/14/14
Tak ) Summary e Eaxternial Mikstees - Inactive Sumimasy T Maiaal Sussary Rolky m—m ity
:.::t;;m il'!i.ll':ll: ornis Spkr . PROJEE Sufeany P eactive Task | — 7Y P e Manial Suseary e Daading
Il L3 Estimial Tashs e Iactive Mikistong L= Dur sty Srart-cely [ 4 Progress

Paga 1

k|
&*
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INIEIPL VN [FINAL REPORT]

Revised ACP Panel Project Schedule

o Task e Duraer fan r-llh o Tatna ] P IEE
| [ w T wm | m [ w | wm [ & & |  m [  m | & | T I
1 WarimnWetRmsidesksl 717 Tha  Fd
Comerscian dayn BYIE11 31414
1 Wamas Wew: Remidential 717 Thu Fri Lty ara
| Comstrection s BLAL 340 Warman e keskdeial Comracion
1 Suppert of Excavarion ny Thu Sat [0 wn
| an WL 133 Fag e of Ceiavation
i | DslowGradeSinciv X6 T Fi T ———————
! S LSELBAM [Frsrrrr—r.
5 | CoscmisSrwcwess  Sdwys Wed  Wed W g Cononens Stnucnurs 5 Grade
| Grada W12 WL
& Above Grade Srecture  10E Wi Wad Ll e L
| an  WEWL2 e Abwe Grace Riucune
7 | Above GradeStucwurs 137 Wed  Tha
| dan  R2WIZ T/
i Ground Leesl Mdrm Wed W — 07T
| 12 100170 G L
1] Ped Lovel Mdem Wed  Mas I 10
| IR 1038 e Lol
m arz Lol Hdep T Tha AB1G i 1L
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Appendix A.7

Cost Savings Breakdown
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Existing Brick Veneer Wall System

Unit Quantity Unit Price Amount
Brick
Brick at Balconies sf 1,130 $35.00 S 39,540
Birck Soldier Course sf 821 $45.00 S 36,927
Brick Standard Size Running Bond sf 74,274 $35.00 S 2,599,593
Subtotal S 2,676,060
Backup, Sheathing and Insulation
Metal Stud Backup with Sheathing sf 111,669 $3.50 S 390,841
Gypsum Board and Batt Insulation sf 111,669 $2.25 S 251
Rigid Insualtion sf 111,669 S1.50 S 255
Exterior Tyvek Wrap sf 111,669 S0.50 S 167,503
Subtotal S 55,834
Metals
Slab edge shelf angles If 11,700 $25.00 S 292,500
Subtotal "$ 292,500
Misc.
Wall Flashings sf 147,450 $1.00 $ 147,450
Caulking sf 147,450 $0.50 S 73,725
Scaffolding mon. 9 S 2,800.00 S 25,200
Subtotal S 246,375
Limestone
Headers and Sills If 3915 75 S 293,625
Jambs If 4275 75 S 320,625
Install of Headers, Sills and Jambs If 8190 28 S 229,320
Subtotal S 843,570
Total $4,114,339
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Proposed APC Wall Panel System

Item Unit Quantity Unit Price Amount

Architectural Precast Concrete Panels

APC Wall Panels sf 69,212 $40.00 S 2,768,480
**includes attachment hardaware
Subtotal S 2,768,480
Metals
Slab edge shelf angles If 11,700 $§25.00 $ 292,500
Subtotal S 292,500
Misc.
Caulking sf 221,175 S0.50 S 110,588
Brick at Penthouses sf 5,883 S$35.00 S 205,905
Subtotal S 316,493
Total $3,377,473
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Appendix A.8

APC Panel Structural Feasibility & Redesign Study: Wind
and Seismic Load Complete Calculations
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Architectural Precast Wall Panels — Applied Wind and Seismic Loads

Building Location — Washington, DC
Building Code — IBC 2006 / ASCE 7-05
Wind Loads

Basis — Provisions for wind in IBC 2006, Section 1609 are identical and/or make reference to those in
Chapter 6 of ASCE 7-05. The provisions of ASCE 7-05 will be referenced for development of wind loads
on the precast wall panels.

Building Structure - Building framing system is of rigid frame cast-in-place concrete construction. Floor
system is also of cast-in-place concrete employing a post-tensioning system in the floor slab
construction. The exterior walls are composed of an insulated brick veneer supported vertically and
laterally from the concrete frame.

Wind Design Procedure — For the purpose of evaluating wind load effects, the building is considered
enclosed. The building structure is also classified as rigid per Section 6.2 of ASCE 7-05 with a natural
frequency greater than 1 Hz. Based on the above conditions, Method 2 — Analytical Procedure as
defined in Section 6.5 of ASCE 7-05 will be used for developing wind loads.

Wind Evaluation Factors for Method 2 — Analytical Procedure (ASCE 7-05, Section 6.5.3):
1. The basic wind speed V is 90 mph as given in Figure 6-1.

2. The wind importance factor (l) is 1.0 as given in Table 6-1 and is based on an occupancy category
of Il for the building as defined in Table 1-1.

3. The wind directionality factor (Kd) is 0.85 for building components and cladding as given in Table
6-4
4, The exposure category is B as defined in Section 6.5.6.3. Based on exposure category B for the

building, the velocity pressure exposure coefficient (Kh) is 1.04 as given in Table 6-3.
5. The topographic factor (Kzt) is 1.0 as defined in Section 6.5.7.

6. The internal pressure coefficient (GCpi) is +/- 0.18 as defined in Section 6.5.11.1 and Figure 6-5
for enclosed buildings.

7. The external pressure coefficient (GCp) is + 0.62 for windward exposure, and -1.1 for leeward
exposure. These coefficients have been determined based on wall edge zone (Zone 5) exposure
requirements in Figure 6-17 for Components and Cladding — Method 2; Walls and Roofs for buildings
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Wind Loads (cont’d)
8. The velocity pressure gh is calculated by the following equation given in Section 6.5.10:
gh =0.00256 Kh Kzt Kd V2 | (Ib/ft2);

gh =0.00256 x 1.04 x 1.0 x 0.85 x 902 x 1.0 = 18.3 Ib/ft2

The precast panels chosen for replacement of the brick veneer on the building walls will have maximum
dimensions of height and width of 30 feet and 12 feet respectively. These dimensions will result in the
entire surface area of a wall edge panel having to withstand the heightened wind pressures in the Zone
5 region.

Therefore, maximum wind pressures on the edge panels based on Section 6.5.12.4.2 for Components
and Cladding, Buildings with h > 60 ft., are as follows:

For windward exposure:
P = gh x (+GCp) — gh x (-GCpi) (Ib/ft2)
P =18.3x (+0.62) — 18.3 x (-0.18) = 14.64 Ib/ft2
For leeward exposure:
P = gh x (-GCp) — gh x (+GCpi) Ib/ft2
P=18.3x(-1.1) - 18.3 x (+0.18) = 23.4 Ib/ft2

Based on the above, the maximum suction force on a leeward edge panel during an extreme wind event
will be: 23.4 Ib/ft2 x 30 ft. x 12 ft. = 8,424 Ib. and will govern the design for the hardware required for
lateral attachment of the panels to the concrete frame.

Seismic Loads

Basis — IBC 2006 defers to ASCE 7-05 for development of seismic ground motion values for the site and
methods for calculating loads on structures resulting from those ground motions. Therefore, the
provisions of ASCE 7-05 will be used for development of seismic forces on the precast wall panels.

Seismic Ground Motion Values

Mapped Acceleration Parameters from Figure 22-1 for short period acceleration (SS), and Figure 22-2 for

1-second acceleration (S1):
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S$=0.154; 51=0.05

Subsurface conditions warrant the designation of Site Class C for purposes of determining the factors Fa
and Fv for adjusting the mapped acceleration parameters. Based on Site Class C rating and mapped
acceleration factors SS = 0.154 and S1 = 0.05, the site coefficients Fa and Fv in Tables 11.4-1 and 11.4-2
are as follows:

Fa=1.2;Fv=1.7

The Site Adjusted Acceleration Parameters SMS and SM1 are calculated in accordance with Section
11.4.3 and are as follows:

SMS = Fa SS; SM1=FvS1
SMS=1.2x0.154=0.185 SM1=1.7x0.05=0.085

The Design Spectral Acceleration Parameters SDS and SD1 are calculated in accordance with Section
11.4.4 and are as follows:

SDS =2/3 SMS SD1=2/3 SM1

SDS=2/3x0.185=0.123 SD1=2/3x0.085 =0.056

Seismic Forces

The following calculates the horizontal thrust force for a typical 30 ft. x 12 ft. precast panel. The force is
calculated based on Equation 13.3-1 in Section 13.3 of ASCE 7-05, which covers seismic demands on
nonstructural architectural components.

The horizontal seismic deign force FP is as follows:

FP = (0.4 aP SDSWP / (RP / IP)) x (1 + (2 x z/h))

Where:

aP = 1.0; component amplification factor, Table 13.5-1 z = h, therefore z/h = 1.0
RP = 2.5; component response modification factor, Table 13.5-1

IP = 1.0; component importance factor, Section 13.1.3

WP = component weight — 13ft. x 12 ft. x 40 |b/ft2 = 14,400 lb.

Based on working through the above equation, the horizontal seismic force exerted by a typical precast
panel on its anchorage system is 850 Ib. This force is only 10% of the force caused by an extreme wind
event and will not govern the design of the lateral anchorage system for the precast panel.
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Appendix A.9

APC Panel Structural Feasibility & Redesign Study:
Vertical and Lateral Attachment Detail
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Vertical and Lateral Attachment Welded Connection Detail
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Appendix A.10

APC Panel Structural Feasibility & Redesign Study:
Spandrel Beam Design Check
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Appendix B.1

Original Brick Elevation Schedule
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Appendix B.2

Brick SIPS Construction Zones
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South Elevation
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North Courtyard Elevation
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West Courtyard Elevation
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South Courtyard Elevation
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Northwest & Southwest Elevations
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Appendix B.3

Scaffold Plans
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Brick SIPS Construction Zone Scaffolding Plan
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Brick SIPS Scaffolding Type & Size Plan
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Appendix B.4

Brick SIPS Manpower & Duration Breakdown
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Appendix B.5

Brick SIPS Matrix Schedule
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Senior Thesis - Spring 2014
Analysis 2: SIPS
Kevin Kroener

Wardman West Residential

AE PSU . . .
Brick Exterior Skin SIPS Schedule
MONTH March March March March April April April April May May May
ITEM OF WORK WEEK 3/4/2013 3/11/2013 3/18/2013 3/25/2013 4/1/2013 41812013 4/15/2013 4/22/2013 4/29/2013 5/6/2013 5/13/2013
oav Mt wRIFMT wrRlF[m[r wWrRFIm[T wrRF[M[T wRrRF[M[T[wrRF[M[T wrR]r Mt wlr[F Mt wlrJF vt w]r ]r |w ]t [w]r

South, Southwest, East
Zone J - 10 Masons
Zone K - 10 Masons

Zone L - 10 Masons

Zone M - 10 Masons

North Courtyard, West Courtyard

AT A T T

Zone N - 5 Masons

Zone O - 5 Masons

Zone P - 5 Masons

Zone Q - 5 Masons

South Courtyard, West Courtyard, NW

Zone R

Zone S

Zone T

Zone U

Zone V

North , Northwest

Zone W

Zone A

Zone B

Zone C

Zone D

Zone E

Zone F

Zone G

Zone H

Zone |

.Zone A

14. Zone N

.Zone B

15. Zone O

Zone C

. Zone D

.Zone E

Zone F

. Zone G

.Zone H

© [ [N]o o s [w[N -

. Zone |

10. Zone J

11. Zone K

16. Zone P

17. Zone Q

18. Zone R

19. Zone S

20. Zone T

21. Zone U

22. Zone V

23. Zone W

12. Zone L

13. Zone M
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NI TN [FINAL REPORT]

MONTH May May June June June June July July July July August
ITEM OF WORK WEEK 5/20/2013 5/27/2013 6/3/2013 6/10/2013 6/17/2013 6/24/2013 7/1/2013 718/2013 7/15/2013 7/22/2013 7/29/2013
DAY MIT WIR |F IM [T W[R |[F [M|T |[WI|R |F IM [T [W[R |[F [M|T |[W|R |F M [T [W|[R TIWI|R|F M [T WIR I|F [M|T |WI|R |F M [T [W[R |F [M|T |W|R |F

South, Southwest, East

Zone J

Zone K

Zone L

Zone M

North Courtyard, West Courtyard

Zone N - 5 Masons

Zone O - 5 Masons

Zone P - 5 Masons

Zone Q - 5 Masons

South Courtyard, West Courtyard, NW.
Zone R - 4 Masons
Zone S - 3 Masons

Zone T -

4 Masons

Zone U -

4 Masons

Zone V -

5 Masons

North , Northwest

Zone W

- 4 Masons

Zone A -

4 Masons

Zone B -

4 Masons

Zone C -

4 Masons

Zone D -

4 Masons

East

Zone E

Zone F

Zone G

Zone H

Zone |

[y

. Zone A

. Zone N

.Zone B

. Zone O

.Zone C

.Zone D

.Zone E

.Zone F

. Zone G

.Zone H

O |N|oO (0D |W]|N

. Zone |

10. Zone J

11. Zone K

. Zone P

. Zone Q

.Zone R

.Zone S

.Zone T

.Zone U

. Zone V

.Zone W

12. Zone L

13. Zone M
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MONTH August August August August October October October

ITEM OF WORK WEEK 8/5/2013 8/12/2013 8/19/2013 8/26/2013 9/2/2013 9/9/2013 9/16/2013 9/23/2013 9/30/2013 10/7/2013 10/14/2013

DAY M [T WI[R |F M [T WIR [F [M|T WIR [F IM|T [WI|R [F IM|T [W|R |F IM|T [W[R|F M|T |[W[R|F [M|T |W[R [F [M|[T [WIR [F [M|T WI|R [F [M|T (W|R |F

South, Southwest, East

Zone J
Zone K
Zone L

Zone M

North Courtyard, West Courtyard
Zone N
Zone O
Zone P
Zone Q
South Courtyard, West Courtyard, NW.
Zone R
Zone S

Zone T
Zone U
Zone V

North , Northwest
Zone W - 4 Masons

Zone A - 4 Masons

Zone B - 4 Masons

Zone C - 4 Masons

Zone D - 4 Masons
East
Zone E - 2 Masons

Zone F - 2 Masons

Zone G - 2 Masons

Zone H - 2 Masons

Zone | - 2 Masons

1. Zone A 14. Zone N
2.Zone B 15. Zone O
3. Zone C 16. Zone P
4. Zone D 17. Zone Q
5. Zone E 18. Zone R
6. Zone F 19. Zone S
7.Zone G 20. Zone T
8. Zone H 21. Zone U
9. Zone | 22. Zone V
10. Zone J 23. Zone W
11. Zone K

12. Zone L

13. Zone M
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Appendix B.6

Brick SIPS Revised Project Schedule

Kevin R. Kroener | Appendix B



INIEIPL VN [FINAL REPORT]

i ]'r.-k Marme Fumlu.u 101 | [2ms [amina [ams
al i as I o | o) [T [ ea [ e I as £ | f as |
1 Wardes West Residenital 747 Thu  Fe
days 616111 3/14/14
F) J Warman West Residential 717 Thu  Fr a8 a4
Constructiom davs 1611 3/14/14 ‘Warman Wt Rnidentisl Construction
[ | Swpport of Excavation 123 Thu S L ey 125
dans LGN 137311 Suzport of Eacavation
4 ] Bolvw Grade Structure 208 Tue  Fr L — W14
days  11/28/115/14/12
H] Concrte Sucture to Ddays ‘Wed  ‘Wied &I g Concrets Streckare to Grade
Grade £/28/12 &/29/12
b | AboveGradeStucture 136 Wed  Wied Ley——————————————— R
days  E29/17 3613 Above Grade Slrscbars
¥ Az Grade Suctuie 136 Wed  Wed =2 =
days  Bf29/12 3/6/13
ik Concreta Structune B Ddays  Wed iad 3% & Conoete Snueturs & Penthowis Framing Comglets
Pemhouse Framing 3fef13 3f6f13
Complea
1 | Eaterior Skin 258 Thu  Mon ey ——————————
days  MLIS/E00/111 Exturior Skin
2 | Exterior Skin 244 Thu Tes - =
days 119500 00/221]
2 Suppor B Baloony 59 days Thu Tug 1 e A%
Sraal, Rl Anghes 115/ 13513 Suzport & Balcomy Steel, Rebed S
1 Estisfior Framing GO days ‘Wod  Tug 18 e 119
1128/ 1331913
15 ] Estarior Sheathing 107 ‘Wed  Thu
dans 31313 TALASE
) | Hir apor Barfier 107 This Fri
das 314013 Tf1213
% ] cHew Summary Taddo 163 Fri Tue
days 3813 1oy
% Erick 163 Fii Tug
days  3BA13 107221
E South, Southwest, 26 days Fri Fri
Fartial East Eliwation A3 412013
E7 Zone ) Brick 23 days Fri Tug
afla 413
] J Zone K Bridk 16 days Fri Fri
AMI 329013
30 | Zone L Brick 26 days Fri Fri
IAf3 412013
1 ] Zone M Brick 19 days Fri Wod
A3 43113
a1 l Worth Courvard & 31days Mon  Mon
‘Wit Courtyard 4f15/13 52713 Morth Courtyard & West Courbyard Eleation Srick
] Zone M Brick Il davs Mon  Mon 15 g AT
4f15/13 52713 Tore W Beitk
M Zone O Brick Bdas  Mon  Mon 418 g 412
4f15/13 42213 Tane O Brick
kL] Zoni: P Brick 6 days Mon Mo LT L =T 17 ]
4f15/13 520413 Zorm P Beick
3 | Zone O Brick 21days Mon  Mon 418 gy 5%
4f15/13 5/13/13 Zomw 0 Brick
ar South Courtyard, 27 days Tue Wiad 528 T
‘et Courgand amd 528013 7313 Seuth Courtyard, Wi Couryard Mortawint Elrvabon Brick
Morthwest Ekrvation
Brick
Task: — L : o W Extarmal ik It 4 : = T Marsal Summary Aol s— fnhhenl a
iy T R —— .
Fddimlcne & Extornal Tasks | E— TS PPN P - Duresoncnly Start-anky E Pregros ——
Page 1

Kevin R. Kroener | Appendix B




INIEIPL VN [FINAL REPORT]

o Trask Marme r.umls.n 1001 [z [ams
a1 a2 as I 04 ] o I i I a3 a4 I
3 Zone R Brick days Tue  Tus
5{28/13 525013
1 J Zon § Brick 12days Tue  Wied
528/13 §/12/13
a0 | Zone T Brick 22days Tue  Wed
528/13 52613
a1 ] Zone U Brick 18dws Twe  Thu
528/13 52013
a1 Zon W Brick 7days Tue  Wed
5f28/13 TA/13
a3 Morth & Nonhwest 27days Thy  Fr
Ebisation Brick EILERET T
34 Zone W Brick 7days Thy  Fri
EIL e TE]
a5 J Zone A Brick Wdays Thy  Wied
Ffaf13 TALA3
2% | Zon B Brick 19days Thy  Tus
Taf1E TABE
ar ] Zone C Brick 19daws Thu  Tue
T4f13 TAGLI
a Zone O Brick 23days Thu  Mon
Taf1E 513
a8 [t Elovation Brkck 23 days Mon  Wad
E12/13 3/11/13
50 Zoni E Brick 23davs Mon  Wed
£12/13 3/11/13
1 Zon F Brick 1ldays Mon  Mon
J £12/13 5/26/13
53 | Zone G Brick 1ddays Mon  Thu
&12/13 529013
EE | Zone H Brick 13days Mon  Wed
£12/13 5/28/13
4 Zon | Bri Bdays Mon  Wad
£12/13 52113
58 Balcony Front Brick  24days Tue  Fr
20013 32013
E] Sreww 134 T Fri
days 4913 327013
FH] Parchouss Brick 0days Tue  Mon
] £13/13 9/9/13
& | Waretight Ddwys  Fri Fii
719413 T/19/13
EL] | MEP Core & Shall 148 Tue  Thu
days  10/9/12 54213
& | Bevator Instal 158 Tue  Fd
days 123413 530413
&1 | Unit Suldout a6 days Fri Fii
12/6/13 2/7/14
&1 | |obby/Coeridor Buldout 372 Thu  Fi
days  I0F11/13/14/14
& | SGiteworky/Sie 451 Fii Fri
I erei MEs. days ELFLE 321714
&4 | Final Inspections/Project 128 Tue  Thu
] Complation days  %3f13 327014
[ I Substantial Comglation  Ddays  Fri Fii
3f14/14 31414
Taik: — : = ¥ sl Mik 3 It Summary T Marual fummanry Al e Fmnh-anly ]
L":mm“’_‘-‘“"’ igkt Lo P : = T it Task 1 amuad Task e Warual fummary g eim *
Miwmtens * Extermal Tanks e It Ml & DCuratnreanly Start-arky c Pregr ——

Page 2

Kevin R. Kroener | Appendix B




Appendix B.7

APC Panel SIPS Construction Zones
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North Elevation
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South Elevation
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North Courtyard Elevation
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West Courtyard Elevation
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South Courtyard Elevation
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Northwest & Southwest Elevations

0
0

EEEIEE

Ll

4 RORTHWEST ELEVATION - HORTH Wil
—AERL

Kevin R. Kroener | Appendix B



Appendix B.8

APC Panel SIPS Matrix Schedule
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Senior Thesis - Spring 2014

Analysis 2: SIPS
Kevin Kroener

AE PSU

ITEM OF WORK

Wardman West Residential

ACP Panel Erection SIPS Schedule

MONTH Decemeber Decemeber Decemeber Decemeber January January January January Febuary February February February
WEEK 12/3/2012 12/10/2013 12/17/2013 12/24/2013 12/31/2012 1/7/2013 1/14/2013 1/21/2013 1/28/2013 2/4/2013 2/11/2013 2/18/2013
DAY T [WIR |F [M|T |[W (R T [W|R MIT WIR [F M|T WIR|F M|T W[RI|F M|T WIRI|F M[T WIRI|F MI|T [W[R|F M|T IW|R |F [M|[T [WI[R |F |[M|T |W|R

Zone G1 - South

Zone G2 - South

Zone H - Southwest

Zone F - North Courtyard

Zone E - West Courtyard

Zone D - South Courtyard

Zone Al - East

Zone A2 - East

Zone A3 - East

Zone B - North

Zone C - Northwest

6th Floor Concrete Structure

7th Floor Concrete Strucute

8th Floor Concrete Structure

Roof Concrete Structure

. Zone Al East

. Zone A2 East

. Zone A3 East

.Zone B

.Zone C

Zone D

.Zone E

.Zone F

.Zone G1

10. Zone G2
11. Zone H

12. 6th Floor Concrete Structure

13. 7th Floor Concrete Structure

14. 8th Floor Concrete Structure

15. Roof Floor Concrete Structure
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APC Panel SIPS Revised Project Schedule
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1 Task Name Duration |Start Fimish Half 2, 2011 Half 1, 2012 Half 2, 2012 Half 1, 2013 Half 2, 2013 Half 1, 2014 Half 2, 2014 H
M sfalslolwlol s frfmlalmliofsJalslolnlolsJeimfalmislsfalclolnlolsfelmlalmis[iJalsloluln
1 |wardmn West Residenital 717 Thiu Fri
Construction days? 6/16/11 3/14/1
2 Warman West Residential 717 Thu Fri 6f16 3f14
Construction days 61611 3/14/14 ‘Warman West Residential Construction
1 | SupportofExcavation 123 Thu  Sat L ey 12/3
days 61611 12/3/1 Support of Excavation
4 Below Grade Structure 09 Tue Fri 1 e /14
days 11/29/119/14/12 Below Grade Structure
5 Concrete Structure to Odays Wed  WWed Bf29 4 Concrete Structure to Grade
Grade 829712 8f29/12
[ Above Grade Structure 136 Wed  Wed L=
days 829712 3/6/13 Above Grade Structure
7 Above Grade Structure 137 Wed  Thu L o
days? Bf29/12 3/7/13
: Ground Lewvel 36 days Wad Wad 829 S 1017
829712 10/17/ Ground Level
3 2nd Level 19days Wed  Mon 10/3 G 10/29
104312 10/29/ 2nd Level
] 3rd Level 18 days Tue Thu 10/16 G 11/8
10/16/1211/8/13 3rd Lewel
1 4th Level 22 days Fri hon 10/26 mmm 1126
104264131126 Ath Lewel
1z Sth Level 22 days Wed  Thu 147 126
11/7/12 13f6/13 Sth
13 <Mew Task>
14 APC Panel Erection - 30 days Thu Wed
Courtyard, SW & South 12/6/12 1/16/13
15 APC Panel Erection - 30 days Thu Wead e ¥ 116
Courtyard, SW & 12/6/12 1/16/13 APC Panel Erection - Courtyard, SW & South
South
16 Zone G1 Sdays Thu Wad 138 o 12f12
12{6/12 12/12} Zone G1
17 2one G2 Sdays Thu Wed 12/13 | 12/18
12f13/1312/19¢ one G2
18 Zone H 4days Thu Tue 1220 | 12/25
122041312 25" Zone H
13 Zone F Sdays Wed  Tue 1326 » 1/1
12/26/121/1/13 Zone F
w0 Zone E Gdays ‘Wed  Wed /2 o 1fe
12/13 19713 Zone E
n Zone D Sdays Thu Wed 110 . (1/16
110413 1/16413 Zone D
2 Above Grade Structure - 79 days Mon Thu (= et =]
&th Floar to Roof 11/19/1:3/7/13
Penthouses
3 Abowe Grade 65 days Fri Thiu
Structure - 6th Floor 127012 3/1/13 Above Grade Structure - Gth Floor t9 Roof Penthouses
to Roof Penthouses
4 6th Level 23 days Mon  Wed 1119 gy 1218
11/19/1212/19/ 6th Lewel
Tazk e Summary =y [External Milestone & Imactive Surmmary P/ Manual Summary Rollup e Finish-only |
;m:?,;}ﬁmm“‘m'ﬂ Split s Project Summany P Inactive Task ) Manual Task e Manual Summary P Deadline 3
Milestone L 3 External Tasks S Inactive Milestone o Duration-only Seart-only C Progress e —
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I Tazk Name Duration |Start Finizh Half 2, 2011 Half 1, 2012 |H.||IF2 2012 Half 1, 2013 Half 2, 2013 Half 1, 2014 Half 2, 2014
M 1 [alsfolnlols[rfmfalmio[sJalslolnlo[sJelmlalmislilalslolwlolsJelmlalmliilsi[alslolnln
5 Tth Level 23 days Mon  Wed 12/ g 12
12/3f12 1/2/13 Tth Level
6 8th Level 24 days Thu Tue 1218 g 115
12/13/121/15/12 Bth Level
w Roof 21 days Thu Thu 12/27 gy 1/24
12f2771:1/24f13 Roof
e} Penthouses 35 days Thu Wed VAT Gy 3/6
11713 3/8/13 Penthoused
e} Concrete Structure & Ddays Fri Fri 3/8 & Conerete Structure & Penthouse Frames Complete
Penthiouse Frames 378713 3/8[13
Complete
EL Exterior Skin 258 Thu Mon v v
days 11/15/1:11/117
£l Exterior Skin 258 Thu Mon RLY————————————————————————————— RN}
days 11/15/1211/11/1 Exterior Skin
£l APC Panel Erection - 25 days Wed  Tue —
East, North, NW 1/16/13 2/18/13
e APC Panel Erection - 25 days Wed  Tue 1116 T 219
East, Morth, NW 11613 2/19/13 APC Panel Erection - East, North, Nl
3 Zone Al Sdays ‘Wed  Tue 116  1/22
1/16f13 12213 Zone Al
5 Zone A2 Sdays ‘Wed  Tue U1 g 1428
12313 1/29/13 Zone A2
36 Zone A3 ddays Wed  Mon 1730 5 2/4
1/30/13 2/4/13 Zone A3
7 Zone B 7days  Tue Wed 45 g 213
2/5/13  2/13/1% Zone B
E Zone € ddays Thu Tue 2/14  2f18
2714113 2/19f12 Zone C
Eel Windows 104 Wed Mon 2 e T
days  2/20/13 7/15/13 Windows
40 Stane 117 Fri Mon A ey 9/23
days  4/12/13 9/23/13 Stone
a1 Penthouse Brick lday  Tue Tue o1y | 9417
9717113 971712 Penthouse Brick
4z Balcony Front Brick 24 days Tue Fri 820 g 920
&/20/13 9/20/13 Balcony Front Brick
43 MEF Core & Shell 148 Tue Thu 1 ey 52
days 104912 5/2/13 MEP Core & Shell
44 Elevator Install 159 Tue Fri 12 e 8/70
days 1/22f13 8/30/13 [Elevator Install
45 Unit Bulldout 46 days Fri Fri 12/ o 2/7
12/6f13 2/7/14 Unit Buildout
46 Lobby/Corridor Bulldout 372 Thu Fri 11 e 14
days 104111231414 Lobby/ Corridar Buildout
47 Sitework/Site 451 Fri Fri e Y.
Imgrovements days 8f1/12 221714 Sitework/Site Improvements
48 Final Inspections/Project 128 Tue This o e 1T
Completion days a9y3f13 2/27/14 Final | jons/Project Completi
43 Substantial Comgletion  Odays Fri Fri & Ya
3714114 3/14/14
Task e Sumrmary e—— Eyterral Milestane L3 Inactive Surmmary 4 Manual Summary Bollup === Finish-only = |
an:f’;ﬂ:’mm“-w'“d Split e Broject Summary P |nactive Task 1 Manual Task e Manual Summary P Deadline
Milestane * External Tasks e |mactive Mi & Duratian-anly Start-anly E Progress ————
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Appendix C.1

APC Wall Panel Activity Hazard Analysis: Erection

Kevin R. Kroener | Appendix C



ACTIVITY HAZARD ANALYSIS

ACTIVITY: LIFTING PRECAST CONCRETE WALL PANELS

Project: AE Senior Thesis
Prepared By: Kevin Kroener
Date: 4/9/2014

Scope of Work: Precast Concrete Wall Panels

PRINCIPAL STEPS

POTENTIAL HAZARDS

RECOMMENDED CONTROLS

1. Select and Inspect Rigging

2. Lift wall panel load

1.a. Damaged or unsafe rigging

1.b. Under sized rigging or incorrect rigging

2.a. Crane malfunction or failure

2.b. Improper crane setup leading to tipping or
failure

2.c. Struck by hazard from crane superstructure

2.d. Swinging of loads other employees

2.e. Swinging or out of control panel load

l.a. & 1.b. Inspect rigging on a daily basis for safe working
conditions. Remove form service and discharge any rigging if
as necessary. Competent groundman, assisted by Erection
Foreman, will select appropriate rigging for each lift.

2.a. Operator must perform daily inspections to ensure that
crane is in safe working condition. Inspections will also be
documented in the a crane logbook.

2.b. Ensure crane is on stable and level ground per the
manufacturers specifications/recommendations. Proper
boom radius as specified in crane capacity chart.

2.c. Barricade tail swing of crane

2.d. Ensure swing path is clear.

Groundman and Erection Foreman will control area within
swing radius of crane boom with assistance from GC field
supervision. Swing path perimeter will be marked or
barricaded to prevent employees from walking beneath load.
The CAZ (Controlled Access Zone) will be set at an
appropriate distance and the Groundman and Erection
Foreman will remain alert to personnel entering restricted
areas to keep people out of the swing path.

2.e. Only one person at a time will give signals and have radio
communication with crane operator. Taglines will be used to
control loads

EQUIPMENT TO BE USED

INSPECTION REQUIREMENTS

TRAINING REQUIREMENTS

1. Tower Crane

2. Mobile Crane

3. Rigging

4. Tag lines

5. PPE - hard hat, safety glasses, steel-toe
boots, reflective vests

1. Annual crane inspection

2. Daily crane inspection

3. Crane inspection upon arrival at site

4. Posted Certificate of Compliance on Crane
5. Daily rigging inspection

1. Certified Crane Operator

2. Erection Foreman has completed PCl's Certified Erector
course

3. All erectors and riggers have completed rigging training
** GC is responsible for training of all non- precast/erector
personnel to remain clear of the precast work area and to
obey warning signs and barricades.
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APC Wall Panel Activity Hazard Analysis: Installation
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ACTIVITY HAZARD ANALYSIS

ACTIVITY: INSTALLING PRECAST CONCRETE WALL PANELS

Project: AE Senior Thesis
Prepared By: Kevin Kroener
Date: 4/9/2014

Scope of Work: Precast Concrete Wall Panels

PRINCIPAL STEPS

POTENTIAL HAZARDS

RECOMMENDED CONTROLS

1. Lift wall panel

2. Set wall panel in position

3. Secure wall panel

4. Unhook rigging

1.a. Crane tipping, load shift, rigging failure

1.b. Load shift, rigging failure

2. Swinging panel load, overhead load

3. Unstable wall panel tipping over

4.a. Falling from height > 6 feet

4.b. Falling Objects

1.a. Operator must perform daily inspections to ensure that
crane is in safe working condition. Inspections will also be
documented in the a crane logbook.

1.b. Inspect rigging on a daily basis for safe working
conditions. Remove form service and discharge any rigging if
as necessary. Competent groundman, assisted by Erection
Foreman, will select appropriate rigging for each lift.

2. Only one person at a time will give signals and have radio
communication with crane operator. Taglines will be used to
control loads

3. Crane hoist lines will still be attached to wall panel as
erectors secure anchor points at top and bottom of panel.
Walls will be braced as needed.

4.a. After panel is braced and/or connected to the building
structure, erector will use aladder or JLG to disconnect the
rigging at the top of the panel.

4.b. Employees will remain clear of controlled access zones
and other restricted areas below load pick at all times.

EQUIPMENT TO BE USED

INSPECTION REQUIREMENTS

TRAINING REQUIREMENTS

1. LG

2. Ladder

3. Steel prying bars

4. Wrenches

5. PPE - hard hat, safety glasses, steel-toe
boots, reflective vests

1. Annual crane inspection

2. Daily crane inspection

3. Crane inspection upon arrival at site

4. Posted Certificate of Compliance on Crane
5. Daily rigging inspection

6. Daily ladder inspection

7. Daily JLG inspection

1. Certified Crane Operator

2. Erection Foreman has completed PCl's Certified Erector
course

3. Tool Box Talks and/or Foreman Meeting to cover JLG,
ladder, small tool and PPE use

Kevin R. Kroener | Appendix C




	Abstract
	Acknowledgements
	Executive Summary
	Analysis 1: Prefabrication of Brick Exterior Skin
	Analysis 2: SIPS
	Analysis 3: Safety Evaluation
	Analysis 4: General Contractor Implementation Study for APC Wall Panels

	Project Background
	Existing Conditions
	Project Delivery
	Schedule
	Cost
	Building Systems Summary
	Architecture
	Building Enclosure
	Demolition
	Structure
	Mechanical
	Electrical

	Depth 1: Prefabrication of Brick Exterior Skin
	Problem Identification
	Analysis Goals
	Process
	Preliminary Research
	1. Architectural Precast Concrete Benefits
	Aesthetics
	Product Quality & Durability
	Energy Performance
	Cost Savings
	Schedule Acceleration


	Product Selection
	1. Existing System Analysis
	2. Product Selection
	3. Thermal Energy Performance Study (Mechanical Breadth)
	R-Value Analysis
	Condensation Analysis

	4. Design Considerations and Installation

	Logistics & Workflow Sequence
	1. Transportation Logistics
	2. Delivery & Crane Logistics
	3. Erection Logistics
	4. Work Flow Sequence

	Schedule and Cost Analysis
	1. Schedule Acceleration Analysis
	2. Cost Savings Analysis

	Constructability
	1. APC Panel Structural Feasibility & Redesign Study (Structural Breadth)
	Wind Loads
	Seismic Loads
	Hardware Design
	Lateral Attachment & Spandrel Beam Redesign



	Recommendations

	Depth 2: SIPS
	Problem Identification
	Analysis Goals
	Process
	Analysis of Original Schedule
	SIPS for Brick
	SIPS for APC Panels

	Evaluation
	Recommendations

	Depth 3: Safety Evaluation
	Problem Identification
	Analysis Goals
	Safety Evaluation Scoring System
	APC Panel Erection AHA
	Recommendations

	Depth 4: General Contractor Implementation Study for Architectural Precast Concrete Wall Panels (Critical Industry Issue)
	Problem Identification
	Analysis Goals
	Production Selection
	Architectural Aesthetics
	Cost
	Quality

	General Responsibilities and Coordination
	Logistics
	Transportation
	Delivery, Staging & Erection
	Crane Use

	Recommendations

	Appendix A
	Appendix A.1
	Original Wall System Details and Section
	Appendix A.2
	CarbonCast Insulated Architectural Cladding Product Data
	Appendix A.3
	Thermal Energy Performance Study
	Appendix A.4
	JVI Slotted Insert Product Data
	Appendix A.5
	Crane Resizing Selection Sheets and Site Logistics Plans
	Appendix A.6
	Original & Revised APC Panel Project Schedules
	Appendix A.7
	Cost Savings Breakdown
	Appendix A.8
	APC Panel Structural Feasibility & Redesign Study: Wind and Seismic Load Complete Calculations
	Appendix A.9
	APC Panel Structural Feasibility & Redesign Study: Vertical and Lateral Attachment Detail
	Appendix A.10
	APC Panel Structural Feasibility & Redesign Study: Spandrel Beam Design Check

	Appendix B
	Appendix B.1
	Original Brick Elevation Schedule
	Appendix B.2
	Brick SIPS Construction Zones
	Appendix B.3
	Scaffold Plans
	Appendix B.4
	Brick SIPS Manpower & Duration Breakdown
	Appendix B.5
	Brick SIPS Matrix Schedule
	Appendix B.6
	Brick SIPS Revised Project Schedule
	Appendix B.7
	APC Panel SIPS Construction Zones
	Appendix B.8
	APC Panel SIPS Matrix Schedule
	Appendix B.9
	APC Panel SIPS Revised Project Schedule

	Appendix C
	Appendix C.1
	APC Wall Panel Activity Hazard Analysis: Erection
	Appendix C.2
	APC Wall Panel Activity Hazard Analysis: Installation


