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Executive Summary

Throughout the 2013/2014 academic year, this Campus Project was analyzed and researched in an effort
to identify areas that could benefit from an alternative solution, primarily in construction. Through
interviews and independent research, four major items were chosen for additional analysis. The purpose
of this thesis and the analyses performed were completed for educational purposes only. The conclusions
are not meant to critique the performance of the project team in any way.

Analysis I: Structural Redesign

The first analysis sought to take advantage of the high prevalence of cast-in-place (CIP) concrete structures
on site. Only two of the five buildings were built with a predominantly steel structure. These buildings,
the Fellowship Hall and Convent/Monastery, were redesigned with a CIP concrete structure. The goal of
this change was to take advantage of worker affinity to CIP concrete, and create a consistent structural
element across the project. Following the redesign, the structures were examined to determine how the
change would affect the schedule and cost of the project. For the Fellowship Hall, the cost and schedule
were both increased by $2,005 and 80 days respectively. Similarly, the Convent/Monastery experienced
increases by $252,129 and 945 days.

Analysis Il: Restructure of Concrete Bid Package

Further research was conducted into the size and scope of the concrete bid package for the project. CIP
concrete was the most used structural element, constituting a significant portion of the total cost.
Furthermore, a number of complex shapes and designs, primarily on the Mosque and Turkish Bath,
required complex form for CIP construction. This placed significant pressure on the subcontractor in
charge of the concrete scope, particularly since nearly all of their work would critically affected the
schedule. This analysis sought to divide the concrete scope into smaller bid packages that could be
awarded to multiple subcontractors, reducing the pressure and allowing them to focus on their
construction efforts. The analysis results recommended a two bid package division which was awarded to
two selected local subcontractors. This division will require careful coordination and some contractual
language modifications, but it will also give the subcontractors more opportunity to plan for the
challenging work they will complete.

Analysis Ill: Workforce Management Plan

As a multi-building project, construction of this Campus Project presented a unique opportunity to employ
a larger workforce resulting in higher productivity. Construction operations could occur in several
different locations, particularly coordinated by building. Unfortunately, the larger site caused additional
challenges in terms of tracking and managing the workforce. Through this analysis, a Workforce
Management Plan was developed to give the project team tools to track, analyze, and manage site work.
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Scheduling methods, such as Last Planner and Pull Planning, were explored as methods of coordinating
work, identifying problem areas, and improving productivity. Additionally, tips for managing the foreign
workforce on the project were provided based upon research conducted into their culture and typical
working practices.

Analysis IV: Foreign Worker Safety Plan

As part of the cultural design aspects of the project, a significant number of foreign artisans will be brought
to the project from their home country in order to construct many of the architectural finishes. Due to
differences in culture, language, and work practice, this will create a safety risk for the workers on site.
With a potentially limited knowledge of English and US construction regulations, the foreign workers could
inadvertently place themselves, and others, in dangerous situations. Case studies, journals, and other
articles were examined to gain an understanding of the safety principles that can be employed on a
construction site. Using this information, a Foreign Worker Safety Plan was developed with general and
site specific recommendations. The plan focused on several major areas of concern and provides detailed
recommendations of how to improve safety.
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1.0 Project Overview

This Campus Project located in the northeastern US is a multi-building, multi-use project, serving as a
community and cultural gathering place. It consists of an underground parking garage, a geothermal well
field, and five unique buildings — Turkish Bath, Convent/Monastery, Mosque, Cultural Center, and
Fellowship Hall. Each building serves a different purpose with the common goal of creating a culturally
welcoming site. An overhead rendering of the intended design of the site is shown in Figure 1.

Figure 1. Overhead Rendering of this Campus Project

1.1 Project Origins

The design for the project originated in western Asia. After the plan reached approximately 50% to 75%
design completion, the owner and his US representative, Transtech, brought the design to the United
States to be developed to 100% completion in accordance with US laws and building codes. Balfour Beatty
Construction was awarded preconstruction and design fees to accomplish this task. They hired Fentress
Architects, Capitol Design Development, Inc., and other consultants as necessary to complete the design
according to US codes. Once the design was brought to 100% completion, the owner concluded that
Balfour Beatty was qualified to lead construction and hired them as the construction manager for the
project.
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1.2 Client Desires

The owner’s primary request for the purpose of this document is to remain anonymous, and therefore his
identity shall be withheld through the completion of this report. In terms of project goals, the owner
wishes to have a quality product completed in accordance with his design standards. Cost is not of
significant concern to the owner, except in order to purchase materials of adequate quality. At times,
additional funding is given to purchase more expensive materials that better fulfill the owner’s goals.
Remaining on schedule is also important to the owner, but no more than would be reasonably expected
on a construction project. As such, the owner’s primary desire for the project is a high caliber product that
meets the objectives and missions that they have requested. Incorporation of a foreign workforce is
desired to fulfill cultural building requirements, and to integrate the culture with construction.

1.3 Delivery Method and Project Staffing

Balfour Beatty was awarded a guaranteed maximum price (GMP) contract of $69.5 million, with an
additional allowance of $20 million to be used with authorization by the owner, primarily for higher quality
materials. The architect, consultants, and subcontractors hired by Balfour Beatty were brought on as
Lump Sum agreements. The engineers and consultants who helped develop the project design were
contracted by Fentress Architects, rather than Balfour Beatty. During construction, subcontractors were
contracted with Balfour Beatty directly. The organizational chart below shows the contractual
relationships between project team members (Figure 2).

Transtech

Subcontractors

Fentress Architects Capitol Design Consultants as
Architect of Record Development, Inc. Needed

Allen & Shariff

MEP Engineers of
Record

SK&A

Structural
Engineer of Record

Life Safety &
Building Envelope
Consultants

Figure 2. Contractual Relationships of this Campus Project
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In order to complete the project, Balfour Beatty staffed it with a number of employees from both the
office and on-site. From the office, the project is led by Senior Vice President Mike Phillips and Vice
President Richard Ryan. These individuals primarily fill a leadership role and are not actively involved with
the project past the early stages. In the field, construction is directed by Senior Project Manager Dave
Convis and Superintendent Chris Kirkwood. They also have several assistants and Project Engineers that
assist with site operations. The organizational chart below shows the hierarchy of personnel involved with
the project (Figure 3). Also shown are members of Transtech, Ali Cayir and Craig Melicher, project

representatives of the owner.
‘ Owner ’
President Sr. Vice President/BUL
Ali Cayir \ Mike Phillips

Construction Manager
Craig Melicher

Vice President
Richard Ryan

Asst. Superintendent
Asst. Project Engineer Chris Moore
Bhavin Patel

Blue: Balfour Beatty Staff

Staff On-Site
( ) _ _
Preconstruction
_— , |
| ' | Amir Aliabadi
I R I -
| Asst. Project Manager I
| 1) Sawner Asst. Superintendent I
David Chachu
I Project Engineer I
| Matin Kheyrani |
| | Note
| | Transtech Staff
| )

Figure 3. Organizational Hierarchy of this Campus Project
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1.4 Existing Conditions

The geographic location of the project is withheld, out of respect for the owner’s privacy. The area
selected was previously undeveloped and was primarily covered with forest and foliage. A few small
buildings and retaining wall were demolished prior to construction. The forest was also cleared for the
new buildings as necessary. The primary material that will be excavated from the site is red-clay. It has
strong bearing capacity, allowing for setbacks or sloped excavation. In situations where additional support
is necessary, wall tiebacks and sheet piling are used to support the excavation. Figure 4 shows the site as
it appeared before construction. The approximate site boundary is shown in red.

The area surrounding the site is
primarily residential, with no large
scale buildings. Along the southeast
perimeter, the site is bordered by a
two way divided highway. This road
serves as the principal transportation
route for deliveries and vehicles to the
construction site. During construction,
there will be two access gates to the
site along this side. The western
boundary is bordered by a two way
road which serves as access to the
neighborhood and will also provide
access to the site for construction
workers and laborers. The primary gate
to the site is located along this side, as
Figure 4. Aerial View of this Campus Project Site well as, several temporary gates for
auxiliary access as needed. Domestic
water and electrical service enter the site from the northeastern side through a metering vault, and then
connect with the systems of the Turkish Bath. Sanitary service enters the site from the southern side,
through connections in the underground Parking Garage.
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1.5 Building Descriptions

This section is dedicated to describing the architectural appearance and exterior fagade of each building.
In addition, the purpose of each building is identified for clarification.

Site Organization

The layout of the buildings within the site is shown below (Figure 5). This image also serves as a
representation of how the site was utilized during construction. As can be seen, two tower cranes were
strategically located to facilitate construction. A mobile crane was used at the western end of the Parking
Garage for areas not accessible to the tower cranes. Various changes in the site utilization plan were made
to accommodate the different phases of construction, but this diagram serves as the typical layout.

CONVENT /
MONASTERY

Figure 5. Campus Project Site Utilization Plan
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Convent/Monastery

The Convent/Monastery is an U-shaped
apartment style housing complex for visitors to
this Campus Project. One wing rises only two
floors above ground while the base and the
other wing rise three floors above ground.
Underground is a basement area with space for
laundry facilities and mechanical equipment.
Window channels of the second floor cantilever
out slightly to create additional floor space
within the apartments. There is a pronounced
cornice to provide shading to the upper
windows.

Figure 6. Rendering of Convent/Monastery

The exterior facade of the first floor is an anchored stone veneer on cold formed metal stud. Between
each floor runs a belt course of thinner stone veneer adhered to Portland cement lath on cold formed
metal stud. Portland cement on metal lath makes up the facade of the second and third floors, as well.
The interior of the U is lined by a ground to roof curtainwall system supported on HSS steel columns and
aluminum mullions. The exterior of the U features groups of windows which are trimmed by wood siding
and rigid furring channels.

The roof is a simple hipped roof style, using clay tile as the primary material. The roof tiles are nailed to a
self-adhering sheet underlayment adhered to roof sheathing. This assembly rests on roof deck supported
by cold formed metal roof truss. Between the sheathing and the deck are layers comprised of board
insulation with a minimum of R-10, drainage panels, and waterproofing membrane.

Cultural Center

The Cultural Center is a two-story building
consisting of libraries, stores, study rooms, and
auditoriums. It is designed to be a place of
gathering for clubs, organizations, and visitors.
The architectural focal point of the Cultural
Center is the pointed glass dome on the roof.
The building circulates around this point,
highlighting a round conference hall at the rear
and an exhibition hall near the front entrance.
The main entrance appears very grand,
featuring a large glass door and surrounding
curtain wall, topped by ornamental stone.
Portions of the second floor cantilever out from the wall, creating an undulating surface that is further
accented by the pointed pattern of the rear cornice.

Figure 7. Rendering of Cultural Center

The primary facade consists of stone panels supported on a channel and rail system mounted on CMU
wall. Brake metal trim forms a belt course around the entire building, separating the first and second
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floors. The front entrance is comprised of a Glazed Curtainwall System. At the rear of the building, the
roof slopes down, decreasing the wall height. In this area, the brake metal trim takes on a zig-zag pattern
to accent the changing height.

The roof is primarily of simple flat design with a prominent cornice and pediment. Above the conference
hall, the roof slopes down to accent the decline of the floor inside the hall. The roofing is composed of
polyvinyl-chloride roofing membrane sheet adhered to a cover board, backed by board insulation and a
vapor retarder. All of this is supported by either structural concrete slab or substrate board on roof deck.
The parapet of the roof is made of standing-seam metal roof-panels supported by the CMU wall. Also on
the roof are several fixed skylights, formed from insulated metal wall panels. The pointed dome is
constructed of metal-framed skylight system.

Fellowship Hall

The Fellowship Hall is a one-story building that
serves as a restaurant for visitors and guests to
the site. The south face features a facade long
loggia with wooden railings, arches, and ornate
trim. The northeast corner is a substantial
wooden deck for visitors to congregate outside.
Inside, the building is separated into a dining
hall, reading room, kitchen, and entrance area.
The dining hall and reading room both include a
central ornamental fountain to accent the space.

In addition, there is stairwell access past the Figure 8. Rendering of Fellowship Hall
dining hall that leads to the parking garage
underneath.

The exterior wall of the Fellowship Hall is comprised of Portland cement plaster on metal lath supported
by cold formed metal steel. Ornamental wood trim is attached to the surface of the Portland cement
across the entire fagade, creating detailed patterns. The loggia along the southern wall is adorned with
ornamental wood doors and wall decoration. The windows are covered either with an ornamental double
hung wooden shutter, which can be opened to uncover the window, an ornamental metal lattice window
screen, or an ornamental gypsum window screen.

The roof is designed in a hipped fashion. The roofing material is lead sheet metal over a red rosin slip
sheet with a self-adhering sheet underlayment. The underlayment is adhered to roof sheathing, so the
lead sheets can be secured with nails. This assembly rests on roof deck on cold formed metal roof truss,
which is sprayed with polyurethane foam insulation and covered with mineral-wool board insulation with
an R-25 on the interior. Two minaret-shaped stone veneer chimneys rise above the roof at the west and
east ends of the building, mirroring the minarets of the Mosque. Brass ornaments can also be found at
the peak points of the roof.
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Mosque

Architecturally the Mosque is the focal point of
the entire site. It is located at the center and is
the largest and most impressive building, and
serves as a religious and cultural gathering
space. Underground, it contains the central
utilities plant of the mechanical systems
throughout the site. The main dome rises
approximately 75 feet above the ground, taller
than the highest points of the other buildings.
The minarets, flanking the dome, rise roughly 50
feet higher to a total of 127 feet. In front of the
Mosque is a large courtyard surrounded by an
arcaded loggia. Smaller domes line the roof
surrounding the courtyard and the main dome.
A significant level of detail is placed into the
design of the mosque, which can be better
observed in a picture than described in words.
Overall, the design has strong religious context
and a style indicative of Mosques in the Middle
East.

The facade of the mosque is entirely anchored
stone veneer. The stone is attached to either
cast-in-place concrete or CMU wall. Lower
windows are rectangular in shape and feature an ornamental exterior stone frame with grille. Upper
windows are either arched or circular in shape and are typically stained glass on the inside with vision
glazing on the outside. Decorative patterns of stone are used on all sides, and are used in particular to
accent the shape of the arches.

Figure 10. Overhead Rendering of Mosque

The roofing is lead sheet metal roofing on a mortar underlayment with wire reinforcing. This is backed by
vent/drainage composite galvanized metal strapping, closed-cell spray polyurethane foam insulation, and
a fluid-applied membrane air barrier. Intermittent zee-furrings support the assembly which is attached to
cast-in-place concrete over Portland cement on metal lath. All of the domes are constructed from cast-in-
place concrete and required specially built screeds and forms. The smaller domes are formed from 6’ to
8’ diameter Styrofoam hemispheres and a rotating screed was used to smooth the exterior surface of the
concrete. The main dome was formed by a metal truss hemisphere covered in formwork panels.
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Turkish Bath

The Turkish Bath is prominently located at the
main entrance of the site. It serves as a
welcoming center and a gathering place for
spiritual and recreational purposes. Lounges are
located at either end of the two above ground
floors, underneath the hipped roofs. Two
domes, set side by side, form the roof between
the hipped roofs. Underneath these are the
warm rooms, serving as a spiritual and personal
cleansing area. The front entrance is covered by
an extensive dark colored roof, which contrasts
the lighter color of the fagcade. Two curtainwall
systems flank the entrance doors, letting light into the space. Two large areas underground are present
for a swimming pool and basketball court. A mezzanine creates a second floor balcony area underground
that overlooks both the swimming pool and basketball court.

Figure 11. Rendering of Turkish Bath

The fagade of the Turkish Bath is composed of two parts. The first floor is enclosed by stone panels
supported on a channel and rail system and pinned to a CMU wall behind. The second floor walls
surrounding the warm rooms also utilize this system. The second floor of the lounges has a fagade of
Portland cement plaster on metal lath secured to CMU wall. Wood battens are nailed into the lath to
create patterns and contrast with the cement. Two decorative metal screens jut out from the second floor
of the east wall; and two curtain walls flank the main entrance into the building on the ground floor.

The hipped roofs above the ground floor entrance and the lounges are composed of the roofing assembly
of the Fellowship Hall. Flat roofs, such as those flanking the front entrance, are composed of polyvinyl-
chloride roofing membrane adhered to a cover board. Behind this is roof board insulation with a minimum
R-15 backed by a vapor retarder. The assembly is supported by either structural concrete slab or substrate
board on roof deck. The four domes are made of the same roofing assembly as used on the Mosque.
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1.6 Building Systems

The purpose of this section is to describe the primary systems used to support the site and each
building.

Mechanical and Plumbing Systems

The mechanical system of the site is centered on an HVAC control plant located in the basement of the
Mosque. A modular chiller/boiler unit regulates water temperature and pumps it throughout the site
using the Parking Garage as a convenient raceway to connect the plumbing systems of each individual
building. For the most part, the condensate water lines are thermally controlled by a geothermal well
system located to the north of the garage. This well field contains 250 wells, drilled 450 feet deep. They
are coordinated in circuits of 10 and are ultimately connected to an underground geothermal vault. This
vault contains the necessary pumps and valves used to control water flow and is accessible via a ladder in
case of maintenance requirements. The lines are connected from the vault to the control plant via two 8"
diameter cast-iron pipes.

The domestic water supply feeds into the site from the east, connecting into the Turkish Bath before being
distributed to the control plant in the Mosque basement. It is initially connected into an underground
service vault where the water is metered and regulated, before being sent to the Bath. Sanitary service is
sent into the site from the southeastern corner of the garage. It is connected to the utility line via
connections run underneath the neighboring roadway. Natural gas lines connect to the site from the west
end of the garage. They are distributed throughout the site and are used to fuel boilers, cabinet unit
heaters, and hot water heaters.

Typically, building systems are Variable Air Volume HVAC systems and drain-waste-vent plumbing
systems. Each building also has its own energy recovery ventilators to maximize efficiency, and has slight
additions or modifications to the systems that accommodate their specific building usages. The Cultural
Center has slightly larger sized roof top air handling units, in order to provide enough air volume to the
Conference and Lecture Halls. The Convent/Monastery utilizes two roof top air handling units: one to
provide air for transient spaces, the other for living spaces. Each apartment also has its own cabinet unit
heater and several fan coil units to provide specific user customization.

The Mosque utilizes underground air handling units to provide air flow to the enclosed worship area,
which also includes a radiant floor system to further control user thermal comfort. The Fellowship Hall
uses two rooftop air handling units: one controls the major areas of the building and one is dedicated to
the kitchen. The system is carefully controlled in order to regulate exhaust air coming from the kitchen.
Intake louvers and dampers are programmed to close when exhaust is at 100% to prevent contaminated
air from reentering the supply air system. The Turkish Bath features specially sized air handling units to
handle the humidity produced by the underground swimming pool and basketball court. An additional
unit services the above ground areas which are also regulated by an extensive radiant floor system. These
areas are kept at high temperatures to promote physical and spiritual cleansing practices.
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Electrical Systems

Electrical service for the site is distributed through a central electrical room located in the Turkish Bath.
Utility service is metered through the same east underground vault that the domestic water supply is
connected through. The central electrical room is located between the east entrance ramp of the garage
and the north wall of the Bath. Two rooms here are dedicated to providing electrical power to the site:
one housing the distribution and switchboards needed to feed power to all of the buildings and the other
holding backup generators and fuel tanks that provide emergency power when needed. It takes five
generators, three for 208V and two for 480V, to provide the necessary power to supply the entire site in
the case of power failure. A 2500 gallon diesel storage tank provides enough fuel for approximately one
week of operation and two 150 gallon fuel cubes provide daily fuel requirements.

The main distribution panels located in the central electrical room are typically sized at either 2000A or
3000A. Various transformers are used to step down the power, the largest of which is 150 kVA. From here,
electrical distribution is rather typical. Different types of conduit are used according to specification
requirements. Each building has its own main distribution panel, smaller switchboards, and auxiliary
panelboards as needed. The Convent/Monastery has a high electrical cost due to an individual panelboard
needed in each apartment. This requires distribution of higher gauge wire and corresponding equipment.

Fire Protection Systems

Fire protection systems used throughout the project are typical wet and dry sprinkler systems. Dry
systems are used throughout the Parking Garage and in most of the underground areas. Wet systems are
used in all above ground areas. Water main connections for fire department tie-in are located throughout
the garage and within each building. In order to limit encroachment on the architectural design of the
Mosque, horizontal sprinkler heads are mounted along the base of the domes. They are triggered by a
heat and smoke sensor located at the dome's apex.

Structural Systems

Structural elements throughout the site vary by building. Foundations are typically cast-in-place concrete
spread or continuous footings, unless otherwise » —

noted. Excavation is supported with tieback walls
and sheet piling as necessary. The ultimate
compressive strength of the concrete varies by
type, ranging from 3000 to 5000 psi. Lateral
bracing and guy-wiring is employed to support
the superstructure until full welds are
completed.

The entire Parking Garage is formed of cast-in-
place reinforced concrete. In order to support
the heavy loads of buildings, pedestrians, and
vehicular traffic, the slabs are heavily reinforced.
Over 100 spread footings support the weight of

the garage and range in size from 4' x 4 to 15" x Figure 12. Structure of the Parking Garage
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15'. The largest footings reach a thickness of 50" and are needed to support the heavy loads of the
Mosque, in particular the minarets. The slab on grade for the structure is 5" thick and the elevated slab at
grade level is oversized to 12" thick so as to support increased loads caused by emergency vehicles as
required by code.

The structure of the Cultural Center is comprised of reinforced concrete beams and columns. Columns,
typically 24" x 10" in size, rest on spread footings ranging in size from 5' x 5' to 10'6" x 10'6". Post-
tensioned concrete beams support the Exhibition Hall on the ground floor and the Library on the second
floor; they are stressed with a highest force of 675 kips. Curved steel beams are used to support the roof
above the Conference Hall, which changes in shape as the floor of the hall slopes. Beams are typically
W8x10 or W30x90 with a largest span of 56' over the conference hall. Eight unique C-shaped columns
form the support of the octagonal area below the pointed roof, which is composed of HSS tubes. These
columns are heavily reinforced and are approximately 6' in span.

The foundations and underground floors of the Convent/Monastery are cast-in-place reinforced concrete
beams, columns, piers, and slabs. Spread footings range in size from 4'6" to four oversized footings in sizes
of 18'6" x 16'9" and 18'7" x 7'2". These larger footings support two interior stairwells, one elevator pit,
and living spaces. Extending from the ground floor, the remaining structure is steel beams, columns, and
metal floor decking. Columns are typically W8x31 or HSS 6x6x3/8 and beams range in size from W8x10 to
W14x90. Layout is rather organized and evenly-spaced in order to accommodate consistent apartment
sizes. Spans are typically 20’ to 30’ to maximize the amount of usable space within each apartment.

The foundations and structure of the Mosque are nearly entirely constructed of cast-in-place reinforced
concrete, including the arches and domes. The minarets are formed of 8" CMU walls with periodic
concrete beams. At the top, the cones are made of HHS tube steel. Since it is located within the footprint
of the underground Parking Garage, the structure rests on foundations designed with the garage.
Underneath the minarets, the foundations are enlarged to 20' x 26' x 38" in order to support the heavy
load.

The structure of the Fellowship Hall is primarily composed of steel beams and columns. Beams range in
size from W8x10 to W18x86. Exterior columns vary between W10x33 and HSS 7x7x3/8. There are a
reduced number of interior columns in order to maximize open floor space. These are typically sized at
W12x40. This steel superstructure is supported by a network of CMU walls approximately 4' in height,
which also support the floor decking, raising up the entire building. The entire structure is supported on
foundations developed in the underground parking garage.

The Turkish Bath is primarily constructed with reinforced concrete. Footings range in size from 4'6" x 4'6"
to 10'x 21'. A 42' x 84' one foot thick heavily reinforced slab sits underneath the pool area to support the
massive weight of water. Foundation walls are typically 1' to 2'6" thick and are tied into large retaining
walls supporting the surrounding soil. These cantilevered retaining walls reach heights of 22' and
thicknesses of approximately 2'. Seventeen post-tensioned reinforced concrete beams support the
mezzanine and ground floor levels. They reach a largest size of 5' x 4.5' x 70' and a maximum tensile force
of 2916 kips. Concrete columns are sized up to 3' x 3' and are formed from concrete of strengths 5000 and
6000 psi. At grade and above, floor slabs are heavily reinforced in order to span the large open area below.
Some minor steel is used to form the roof structures.

A Campus Project | Garrett Schwier | Page 12




1.7 Project Costs

The total cost of the project, including buildings, landscaping, and other fees is $69.5 million. The Mosque
and Turkish Bath are the most expensive buildings at $17.2 million and $15.7 million, respectively. The
Fellowship Hall is the least expensive building at $5.0 million. The costs of all the buildings are shown in
Table 1. The owner also granted a $20 million allowance that can be used to pay for project elements as
approved. This allowance is requested by Balfour Beatty periodically, particularly for project elements of

higher quality or to meet the owner’s expectations and desires.

Table 1. Individual Building Costs of this Campus Project

Location of Work Cost

Convent/Monastery $7,718,000
Cultural Center $7,285,000
Fellowship Hall $5,012,000

Mosque $17,153,000
Parking Garage $12,145,000
Turkish Bath $15,683,000
Site Work $4,520,000
Subtotal $69,516,000
Owner Allowance $20,000,000
Total $89,516,000

The systems within the buildings constitute a substantial portion of the project costs. These can be divided
into structure, mechanical, electrical, plumbing, and other systems categories. The most expensive costs
are for the cast-in-place concrete structural systems and for the mechanical and plumbing systems, which
are $15.5 million and $10.6 million, respectively. The prodigious amount of cast-in-place concrete used
on the project is a potential issue that is addressed in later analyses. Of note is an additional cost of work
completed by HASSA, a company of foreign workers from the host country. These operations include
stone work, decorative metals, ornamentations, and other finishes throughout the buildings. A summary
of the system costs throughout the project are presented in Table 2.

Table 2. Building Systems’ Costs of this Campus Project

System Cost Percent of Total Cost
Structure — CIP Concrete $15,500,000 22.3%
Structure — Steel $1,583,842 2.3%
Mechanical/Plumbing $10,630,000 15.3%
Electrical $7,260,811 10.4%
Fire Protection $695,800 1.0%
Subtotal $35,670,453 51.3%
Work by HASSA $8,442,047 12.1%
Total $44,112,500 63.5%
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1.8 Project Schedule

Construction of the project commenced September 19, 2012 and will continue through September 18,
2014. Operations on site are completed in a staggered and overlapping manner with the aim of shortening
the length of the project schedule. This method creates float in the schedule in anticipation of any issues
that would delay construction. Furthermore, since there are five buildings on site, there is significant
opportunity to construct them simultaneously, further reducing the timeline of the schedule. Two

schedules are provided in the appendix to represent
construction activities: a complete project schedule and an
individual building schedule for the Turkish Bath.

The project schedule, found in Appendix A-1, is a general
overview of the entire project from start to completion. It
provides a basic understanding of how construction of each
individual building fits together and how they overlap. Each
building is highlighted in a different color for clear organization.
The critical path of the schedule is controlled by the Parking
Garage, the Turkish Bath, and the Hardscaping and
Landscaping. Excavation for building foundations proceeds
from west to east, and constitutes a majority of the critical path.
Following that, the erection of the foundations and the ground
level slab of the garage is of primary importance. Any delay to
these activities will have negative consequences to the overall
project schedule. Operations within the Turkish Bath are of key
importance due to the deeper excavation required for the
underground facilities. This will require additional time, effort,
and temporary bracing to support the larger soil loads.
Landscaping activities are naturally on the critical path because
they are some of the final tasks that are conducted to prepare
the project for hand-off to the owner.

Figure 13, shows the completed elevated deck of the Parking
Garage. Exterior walls of the Mosque have begun construction
and their preparation can be seen in the center of the image.
The completed deck space is used as storage for the materials
and equipment needed to continue construction. The picture is
taken from the top of the eastern tower crane, overlooking the
site to the west. Figure 14, shows the progress of the excavation
and foundations of the Turkish Bath. Both pictures were taken
on the same day, from the same vantage point, and are oriented
in the same direction. These images show the progress of
construction in early June. The majority of the Parking Garage
structure has been completed, while much of the Turkish Bath
remains to be constructed.

Figure 14. Turkish Bath Foundations
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An additional item of note is the Work by Turkish Labor, noted towards the end of the schedule. This work
involves culturally significant finishes and construction. These tasks can only be completed by Turkish
workers, in the interest of preserving the cultural elements of their design. The work lasts approximately
a whole year, with the majority taking place on the Mosque, due to the extensive amount of limestone
cladding across the interior and exterior. Additional finishes include interior and exterior wood trim,
ornamental wooden windows and lattice work, and other detailed finishes for aesthetic purpose.
Differences in work practice for the foreign workers, could potentially cause delays to the schedule due
to difficulty of information flow with American workers. These activities will require specialized attention
and care to ensure they are completed on schedule. In addition, it is important to take precautions for
these activities in order to keep workers safe on site, which will be addressed in Analysis 4.

The second schedule, found in Appendix A-2, is a detailed look at the construction process for the Turkish
Bath. The Turkish Bath is a recreational facility totaling approximately 50,000 GSF, and consisting of four
total floors, two of which are below grade. The second basement is at a depth of 37’, the deepest
excavation on the project. An underground swimming pool and basketball court are located here, as well
as a mechanical room to service those areas. The basement is at a depth of 15’, with a mezzanine
overlooking the pool that is at a depth of 20’. This floor contains fitness and gym areas as well as an
additional mechanical room. The two above grade floors consist of spas, lounges, and warm rooms
featuring radiant floor heating systems. Those spaces serve a purpose of spiritual connection and
relaxation.

Construction on the Turkish Bath lasts approximately 18 months, from December 5, 2012 to May 26, 2014.
A great majority of this time and the activities involved reside on the critical path of the schedule. The
reason the Bath critically affects the schedule is because of the depth of excavation as well as the electrical
and domestic water utility connections. For instance, it will take approximately one year from the time
excavation begins to complete the elevated deck at grade level. The two above grade stories are entirely
dependent upon how underground work proceeds, and they will feel any delays that may occur. All
activities that have a direct impact on the schedule are shown in red.

Significant structural support is needed to support the loads of the pool, the above grade floors, and the
soil pressure around the underground areas. Large retaining walls are used to hold back the soil. The wall
between the Bath and the Garage posed some challenges during construction, due to an imbalance of
surcharge loads that could have toppled the retaining wall. However, these loads were reconciled through
the use of gravel backfill on the pool side of the wall. Several post-tensioned concrete beams are used at
grade level to support the weight of the above ground floors. These beams vary in dimensions, but can
reach sizes of up to 5" wide x 5’ deep x 70’ long. The extensiveness of excavation and foundations controls
a majority of the construction sequence. Seven months, from December 5, 2012 to July 24, 2013, are
dedicated to finishing these tasks, over half of which is foundation work.

The project is also dependent upon the connection of the electrical system into the Turkish Bath. Utility
service is fed into an underground room near the entrance ramp to the Parking Garage. From here it is
distributed to the rest of the site via several different switchboards. Domestic water service connects to
the basement mechanical room by underground utility service. Then, it is pumped to the HVAC control
center in the basement of the Mosque before distribution throughout the site. The completion of the
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project depends upon these two services being installed and functional. Since the systems will need to be
tested prior to occupancy, the earlier they are operational and ready for testing the better it is for the
schedule.

Rough-in of MEP systems first begins on the second floor on October 17, 2013. From here it proceeds
down the building by each floor. Electrical utility service will be connected to the building in November
and the bath will have permanent operating power on November 7, 2013. Final MEP finishes should
conclude on March 13, 2014, about five months later, on the basement level. These are predominantly
plumbing finishes, which is understandable as this is where domestic water service is connected.
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1.9 Cultural Background

One of the most unique aspects of this Campus
Project is the culture. Not only does it have a role in
the end product, but it also has a strong influence on
construction itself. The owner has consistent and
frequent input into the progress of construction and

into the design. He gives his input to ensure that the *
design meets his specifications and desires, which

includes adhering to his cultural requirements. In
addition, a large quantity of finishes are required to
be completed by foreign artisans. Their work is
coordinated into the schedule and they are brought
to the United States to complete their work. For the Figure 15. Turkish Flag
purposes of this thesis, the Turkish culture will be

examined, but should not be considered the culture of the foreign artisans brought on-site.

Turkey is a country located in the transitional area between Western Asia and Eastern Europe. It is a
democratic nation that has gradually grown economically and politically, becoming a regional power. The
national language, Turkish, is spoken by the majority of the population. There is no official religion, but
the most common practice is Islam. Several holidays within the Islamic faith may come to influence
construction, the most notable of which is Ramadan, commonly known as fasting. For one month Muslims
fast from dawn to sunset, denying themselves both food and drink. It is a time of spiritual reflection,
improvement, and devotion. Abstaining from eating and drinking teaches self-discipline, self-control,
sacrifice, and empathy for the less fortunate.

There are exceptions to participating in Ramadan, such as travel, severe illness, or pregnancy. However,
anyone who is unable to fast is still required to make up the missed days later. Muslims are allowed one
meal before sunrise and one meal after sunset. Fasting can greatly weaken those who are participating. If
a construction worker is fasting, they should receive lighter workloads until Ramadan is over, in order to
protect the worker’s safety, particularly if it is during the hot and humid summer months. Religious
practice is a strong element of the Turkish culture, apparent by the country’s registered mosques, which
number over 80,000.

There are also a number of cultural differences that may affect the construction process. These include
religious practice, cultural holidays, typical construction practices, and language barriers. An
understanding of the Turkish culture is necessary to help bridge this gap for two purposes: (1) to assist in
the construction process to remain on schedule and on budget and (2) to better understand the meaning
of the project culturally. Through this knowledge and understanding the project can perform better and
be delivered to meet the owner’s specifications.

There are several differences between the way construction proceeds in the United States and the way
construction proceeds in Turkey. Here, construction is a very regimented and cost based activity. The goal
is almost always to deliver the final product quickly and at the lowest possible cost. The schedule is heavily
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managed and planned in order to optimize the flow of work across the construction project. This requires
near constant information flow so each trade can understand the work of those around them. Typically,
information and planning is developed prior to the start of construction. For example, shop drawings are
developed before work is begun so that different trades involved in a process can coordinate and plan the
work efficiently. Planning and design prior to beginning construction is the standard practice.

In Turkey, priorities are not exactly the same. Due to differences in labor laws and hourly wages, schedule
is not necessarily their primary concern. Shortening the schedule may not result in significant cost savings.
In addition, shop drawings and designs are not as thoroughly documented, because the workers there
have been working and building for numerous years. They know their craft; they know their construction
process. They do not necessarily need drawings to know where items connect or to know how different
layers of an assembly intersect and overlap. These details are something that they already intimately
know.

This is a profound difference from the way construction takes place in the States. Here, clearly
documented designs are essential to getting and keeping work. If you do not have them, then you are
failing to work with the other members of the team, and you will be quickly replaced. Explicit designs
help construction managers maintain control over the project and ensure quality as work goes into place.
It is a form of documentation of the work that was completed and proof that the work was according to
specification.

The difference between these construction practices is not necessarily a positive or negative point. It is
simply a difference; and when two extremes such as these meet and try to cooperate, it can be quite
challenging. The project team has faced issues where this lack of information can be frustrating or can
hinder construction. For example, while attempting to coordinate the work surrounding the windows of
the Mosque, the project team did not receive shop drawings for the installation of limestone panels, work
that would be completed by the Turkish workers. Without these shop drawings they could not determine
where flashing, metal trim, or other elements should be installed and integrated with the panels. Unable
to coordinate the process before construction, as would be typical here, the team observed the process
in the field and then developed the plan to complete the work. Fortunately, this instance did not engender
a delay in the schedule. However, this will not be the case for all construction activities, and ultimately
some setbacks may ensue.

These issues of insufficient information are apparent project wide, but are heavily focused on the Mosque,
where the majority of Turkish work is located. An additional issue that the team has faced is the design of
the lead sheet metal roofing. The owner has not provided shop drawings of the roofing, which would
indicate sheet sizes, seam locations, and other useful information. Without these drawings, the assembly,
which includes flashing, trim, and Z-bars, cannot be coordinated. The consequence of these issues is that
the team must figure out the construction sequence in the field, without adequate planning of the work.
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2.0 Analysis I: Structural Redesign

2.1 Problem Statement

The most common structural element used on the project is cast-in-place (CIP) concrete. CIP is used for
nearly the entire structure of the Mosque, Turkish Bath, Cultural Center, and Parking Garage, giving all of
these buildings a similar design and consistent architectural feel to them. On the construction side, the
high prevalence of CIP concrete work promotes a worker affinity to this type of activity. Familiarity with
concrete work could potentially cause the workers to have increased productivity. The two remaining
buildings, Fellowship Hall and Convent/Monastery, have a structure composed of steel columns and
beams with a facade type that differs from the other buildings. This difference in construction material
could have influence on material requisition, for example, bringing steel instead of concrete on site could
influence worker productivity because it is a different style of construction. Most likely, this will not result
in delays, but it does not take full advantage of the prevalence and familiarity of concrete work on site.

2.2 Potential Solution

To take advantage of worker affinity to concrete work, the structure of the Fellowship Hall and
Convent/Monastery could be redesigned from steel to concrete. This will maintain a consistent work
type across the site, taking advantage of the workers’ ability to complete familiar work faster. The steel
portions of the structure will be replaced with concrete. Removing the majority of steel construction
from the site should alleviate any challenges with material requisitions and deliveries.

2.3 Analysis Process

This analysis will be completed by first gathering information on the structural and cost data of the
project. Information on the steel and concrete structures will be used to develop and calculate the loads
that will be considered when sizing the concrete structure. Sizing the structure will be accomplished
using the CRSI Design Handbook, explained in section 2.6. Then, Structural Point computer programs will
be used to verify the results. Lastly, the architectural, schedule, and cost implications of the concrete
structure will be examined to determine whether or not the redesign is a viable option.

A sample of pages from the CRSI Design Handbook that were used in this analysis are provided in
Appendix A-3.
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2.4 Background

The primary structural construction material used on the project is cast-in-place (CIP) concrete. It is used
for the Cultural Center, Turkish Bath, Parking Garage, and Mosque. The Mosque has a particularly
impressive design considering the many domes, arches, and unusual geometric shapes. Nearly 25,000
cubic yards of concrete will be used on the project, totaling $15.5 million, or approximately 25% of the
total cost. CIP concrete’s prevalence creates the potential for slightly accelerated construction work due
to worker affinity to the process. The facade style of these buildings is indicative of the Ottoman style of
architecture which emerged in the 14" and 15 centuries. Geometric shapes and concrete design were a
highly used element for both the structure and fagade of buildings.

In contrasting style, the Fellowship Hall and the Convent/Monastery are built with a predominantly steel
superstructure and with a facade appearance that is representative of modern Turkish design. The
incorporation of these two buildings seems to be a visual combination of the two design styles used in
Turkey —a convergence of the old and the new. This design integration is a further example of the cultural
design elements that are incorporated into the project. The glass panels comprising the curtainwall are
supported by HSS steel columns in order to take advantage of their small size and high strength.

The costs of the Fellowship Hall and Convent/Monastery are $5.1 million and $7.9 million respectively,
around 20% of the total project cost. The total cost of the original structures is $1.5 million and $827,000
respectively. These include the costs of masonry, concrete, and steel used to structurally support the
buildings. Construction of the Fellowship Hall proceeds from May 14, 2013 to June 11, 2014,
approximately 269 working days. Structural operations begin on May 14 and conclude on October 2, 2013.
Some construction activities on the Fellowship Hall critically affect the schedule. However, the majority
of these are not involved with structural operations. They are primarily interior finishing and fit-out tasks.
Construction of the Convent/Monastery occurs from August 22, 2013 to August 14, 2014, approximately
251 working days. Structural operations begin on August 22 and finish on January 17, 2014.

Background research was also conducted into the concrete design used for the other buildings on site.
The typical concrete used for beams, columns, and slabs was 5000 psi strength. The formwork used to
shape the concrete was steel framed plywood sheathing, providing flexibility and high reusability around
the site. The concrete was delivered on site via concrete truck and was placed into the form using a crane
and bucket. Structural elements throughout the buildings vary in size; Table 3 summarizes the most
common measurements. The typical size of structural elements was considered when choosing
dimensional characteristics of columns, beams, and slabs. They were chosen to be similar to the
dimensions below in order to maintain a level of consistency across the site to take full advantage of
worker affinity to concrete work.

Table 3. Typical Dimensions for Structural Elements of this Campus Project

Structural Element Dimension
Beams 12”x18"” --- 12”x30” --- 18"”x30”
Columns 12"x24" --- 16”x24"” --- 30”"x30”
Slabs 8” ---10" --- 12"
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2.5 Considerations

Several factors were taken into consideration when continuing the analysis from this background
information. Due to the smaller size and connection detail of the HSS steel columns along the curtainwall,
they cannot be replaced by concrete columns. The larger concrete columns would alter the design style
as well as make connection with the glass panels more challenging. Therefore, the HSS steel columns will
remain as part of the redesign. This will also mean that the beams connecting the HSS steel columns to
the concrete columns on the interior will remain steel flange beams. It is extremely difficult, if not
impossible, to integrate a concrete beam with a steel column. However, the reverse, integrating a steel
beam with a concrete column, can be accomplished through the use of an anchor plate embedded into
the concrete. Therefore, the HSS steel columns will remain, the interior columns will be redesigned to
concrete, and the steel beams connecting the two will remain.

Originally, this analysis proposed altering the facade construction of the Fellowship Hall and
Convent/Monastery to match that of the other buildings. This alteration also facilitates worker affinity to
concrete construction. However, it is apparent that this would take away from the aesthetic purpose of
the current design. The two architectural styles on site are representative of a merging of the old and new
styles of Turkish architecture. To alter this design would take away from the original intention of the
owner, therefore, the facade style will not be changed in any way.

2.6 Breadth 1: Structural Redesign

To redesign the structures of the buildings, a sample structural bay was chosen for each. This bay would
be extrapolated out to then represent the entire building. Both sample bays were selected because they
have the largest spans. Any structural member designed for these bays would be of adequate size for
anywhere else in the building because the other spans would be smaller. The Concrete Reinforcing Steel
Institute (CRSI) Design Handbook was used to size the structural elements based upon loadings calculated
under typical Load and Resistance Factor Design (LRFD) practices. An example calculation will be shown
to present the methodology used to complete the structural design. Table 4 shows the unfactored loads
used when calculating the weight on each structural member. All of these design live loads were found
within the drawing sets provided by Balfour Beatty. The dead loads were selected based upon the material
construction. Material weights were found using various online resources.

Table 4. Unfactored Loads for this Campus Project

Load Type Live Load (psf) Dead Load (psf)
Fellowship Hall

Roof 30 20
Convent/Monastery

Roof 30 25

Floor — Apartments 60 30

Floor — Public Rooms/Corridors 100 30

Exterior Wall -- 22
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Fellowship Hall

The sample bay of the Fellowship Hall is highlighted
in blue in Figure 16. In this building, the beams and
columns only support loads created by the roof,
therefore no elevated slab is needed. Instead they
will support lightweight roof trusses that support
roof construction. For the purposes of this redesign,
the column lines were assumed to be straight to
make the calculations easier, as can be seen in Figure
17. Using the unfactored loads given in Table 4, the
factored load, W,, was calculated using equation 1,
where the dead load is D and the live load is L.

Figure 16. Fellowship Hall Designed Area

W, = 1.2D + 1.6L (1)
W, = 1.2(20psf) + 1.6(30psf)
W, = 72psf

This value remained consistent throughout the entire building. On the following page, a step-by-step
example is provided to demonstrate the process of sizing a beam and a column within this bay. This
method was used for all structural members in the building.

Figure 17. Fellowship Hall — Beam A
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The example problem shown is for Beam A, or Beam F.B-F.8 = F.B-F.11, as highlighted in Figure 17. The
span length of this beam, Ly, is 30 feet. The tributary width, wy, is calculated below, using equation 2. It
is the distance perpindicularly from Beam A to the next closest beams divided by two, and is used to
calculate the load that will be imparted across the length of the beam.

_ (DiSt-Beam 1t DiSt-Beam 2 )

(5'+35) _
Werip = = = 20

The self-weight of the beam, Wiy, is also included when designing the structure. The dimensions used to
calculate the self-weight were a preliminary guess based upon the span length and tributary load. The
calculation for the self-weight of the beam is shown in equation 3.

_ (Height)(Width)(Density of Concrete)
B (in.? toft.2 conversion)

W = (18")(12i"n)2(150 peh) _ oif
14410/

N4

(3)

Now, the load per linear foot of the beam can be calculated using equation 4a. This is the value that will
be used in the CRSI Design Handbook to determine the appropriate beam size.

L = Werip) W) + Wey (4a)
L =(20")(72 psf) + (225 plf)
L =1665plf = 1.67 klf

For edge beams, where the weight of the exterior wall is supported by the beam, equation 4b will be used
instead of 4a because it accounts for this additional load. Equation 5 shows the calculation that will be

used to calculate the weight of the exterior wall, Wyqu. Note, equations 4b and 5 are not used in this
example.

L= (Wtrib)(Wu) + Wow + Wyan (4b)

Wyau = (Height)(Pound per ft? of wall) (5)
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Using the CRSI handbook is a simple task of looking at numbered values within the correct sections. In
chapter 12, on page 65, an appropriately sized beam can be found that can support the load found
previously. The dimensions of the beam are 18” x 12”, within the proposed dimensions used to calculate
the beam self-weight. Reinforcing within the beam is given as two #8 bars along the bottom and two #10
bars along the top. Stirrups are given as #3 bars, spaced at every 7”, so there are at least 19 in total. The
load the beam can hold is 1.81 kIf, more than adequate to support the calculated load.

This process was repeated to size all of the beams supported by the columns within the chosen area. The
design information for each beam could then be used to estimate the loads supported by the four
columns. Equation 6 is used to calculate the reaction force created at either end of the beam due to the
load acting upon its length. This equation assumes that the beam is simply supported by pin connections
at each end.

(L)(Ly)
R="2 (6)
R= (1.67 k;f)(30’) = 25.05 kips

Calculating the total load on the column is completed by simply summing the reaction force of each beam
supported by that column. For Column F.B-F.8, the column supports Beams A, B, E, and F, which are
summed below in equation 7.

P = (sum of reaction forces) (7)
P=A+B+E+F
P =25.05+39.73 + 34.84 + 5.43 = 105.05 kips

Using this load and examining the tables in the CRSI handbook, the column size can be determined. The
column is sized as 12” x 12” square. Four #6 rebar spaced symmetrically in a square pattern are used to
reinforce the column transversely, which are secured by #3 ties every 7”. This column design is of
adequate strength for all of the columns within the designed area, and therefore it is adequate for all of
the columns in the building. Identical design will make construction easier for workers and will require
less material because the same reinforcement size and formwork will be used for all of the columns.
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Convent/Monastery

The same process is used to size the
structure of the Convent/Monastery,
however, in this case three levels of columns
and beams must be considered. The first two
floors support apartments and corridors,
while the third floor supports the roof.
Additional loadings must be included as
necessary, such as the weight of the exterior
wall which will be supported by edge beams.
An elevated slab must also be designed to
support loads between the beams on the
second and third floors. The chosen design
area is highlighted in the floor plan shown in
Figure 18.

Figure 18. Convent/Monastery Designed Area

The slab design is based upon the longest

clear span and the floor load it will support. The longest clear span is 30" 6” and the factored load is
calculated as 196 psf. A two-way solid flat slab was selected with square drop panels at the columns for
additional support, because it is the type of slab typically used on the project. Using the CRSI manual, the
slab selected had a thickness of 10.5” between drop panels. Drop panels are square in shape and have a
depth of 8.25” and a width of 10.33’. The slab and panels are reinforced with a total steel of 3.93 psf. A
minimum column size of 20” is required to support edge panels of this size. These dimensions will be the
basis of the column size used when they are designed. Since the majority of spans are 20’ or shorter an
additional drop panel size was selected for these smaller spans. These panels have a depth of 2.25” and a
width of 7’, and are reinforced with steel of 2.45 psf.

An additional challenge to sizing this
building was that certain beams along the
exterior are cantilevered. This creates a
moment on the top of the column, putting
the concrete in tension. Checks were
made against the moment created on the
column to ensure that it was within the
performance characteristics of concrete, P
which typically performs poorly under
tension. In order to limit the amount of
vertical space taken by concrete beams,
joist-band beams were used. They are
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ceiling and beam for MEP systems. For the purposes of this example, the Beam G.B-G.11 will be sized. It
is an end span, cantilevered beam that supports apartment loads, and is highlighted in Figure 19. The
factored load supported by the beam includes the self-weight of the slab, found by multiplying the weight
of concrete (150 pcf) by the thickness of the slab. It does not include the weight of the exterior wall, which
is calculated separately as part of the load per linear foot. Calculating the load created by the exterior wall
is done by multiplying the height of the wall by the weight of the wall. The floor-to-floor height, H, is 13'2”
and the weight of the wall, Wya, is 19 psf. The span length of the beam is 10’ and the tributary width is
approximately 6’ 7”. Below, the necessary calculations for factored load, beam self weight, and load per
linear foot are shown using equations 1, 3, and 4b. The weight of the exterior wall was calculated using
equation 5, but is not shown.

W, = 1.2D + 1.6L (1)

]+ 1.6(60) = 289.5 psf

Wy = (Height)(Width)(Density of Concrete) (3)

(in.2 to ft.2conversion)

_ (12.5")(24")(150 pef)
- 144 in?

sw =313 plf

/ftz

L= (Wtrib)(Wu) + Wow + Wyan (4b)
L = (6'7")(289.5 psf)+313 plf+(13'2")(19 psf)

L = 2469 plf = 2.47 kIf

Using this value, the joist-beam sized from the CRSI manual is 12.5” x 24” with reinforcing of three #6 bars
on the bottom and four #5 bars on the top. At least ten stirrups should be used at a spacing of 5” along
the length. The beam can support a load of 3.77 kIf, which is more than adequate to support the load
found. This procedure was repeated for all beams within the area across all three floors. Calculating the
reaction force at the end of the beam is slightly different because a cantilevered beam is only supported
at one end, while the other is unsupported. The moment that the supported end experiences must also
be calculated. These calculations are shown on the following page, using calculations 6 and 8. The
equations are standard equations assuming the beam is simply supported as a cantilevered beam.
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R = (L)(Ly) (6)

R = (2.47 kIf)(10") = 24.7 kips

OIS ©
2
M= (2.47 kl;f)(lO’)2 1235 ft-k

Once the end reaction and moment forces are calculated for each beam, the column can be sized using
the same procedure used for the Fellowship Hall. Due to the weight of the elevated slab, the support
columns were oversized for the loads to be 20” quare. Four #9 bars are arranged in a square, symmetrical
pattern to support loads transversely, and are secured with #3 ties. This column can adequately support
the vertical loads acted upon it as well as any moment created by a cantilevered beam. Since the exterior
wall is not continuous across all three floors and is divided at each floor, moment will not transfer down
the columns by floor. Therefore, only the moment on that particular column needs to be considered.
Vertical loads however do transfer down the column and were included in lower column design.

A secondary check was conducted to ensure that the designed columns and beams were capable of
supporting the loads acting upon them. This was accomplished by using Structure Point computer
programs for columns and beams. This check reasserted that all of the structural members were capable
of supporting their respective loads as designed. The complete set of hand written calculations used for
the analysis can be found in Appendix A-4.
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2.7 Results

Fellowship Hall

Following the procedure described in the previous section, the structure of both buildings was designed
as cast-in-place concrete. The design of the Fellowship Hall featured 12” square columns with four #6 bars
for transverse reinforcement. Although several different beams were sized, the specifications of 24” x 16”
with five #10 bars for reinforcement were used for all of them in order to remain consistent. In both
structural members, #3 stirrups and ties are used to contain the transverse bars.

A quantity take-off was conducted for the designed area, estimating a total of 32 cubic yards of concrete
and 5.5 tons of steel reinforcement. Including materials, labor, and equipment, this came to an estimated
cost of $52,000. In terms of schedule, this level of work should take approximately 151 hours, or 19 days.
The statistics for the designed area can be used to estimate the total cost and schedule of the entire
building by use of areas. The size of the designed area is about 1562 square feet and the size of the entire
building is 9600 square feet. Using this to make a ratio, the estimated cost of the structural redesign for
the entire building is $321,000 and the duration of work is 116 days.

Compared to the original structure, the concrete redesign increases the cost and schedule by $2,005 and
80 days, respectively. It is assumed that concrete structural cost will replace all or most of the steel cost,
and therefore the steel cost is assumed to be zero in the redesign. Table 5 below summarizes the
difference between the original structure and the concrete structure.

Table 5. Fellowship Hall Redesign Summary

Original Structure Concrete Redesign Difference
Total Structural Cost $826,758 $828,763 +$2,005
Masonry 5128,670 5128,670 Y]
Concrete 5$215,000 $536,000 +5321,000
Steel $318,995 50.00 or negligible -5318,995
Roof Truss 5164,093 5164,093 S0
Duration 36 116 +80

Convent/Monastery

The design of the Convent/Monastery utilizes 20” columns with four #9 bars for transverse reinforcement.
There are several different beam sizes based upon the loads that they support but the most common are
12" x12”,18” x12”,12.5” x 24”, and 16.5” x 36”. The latter two are joist-band beams who’s higher width
allowed for a shorter depth. Reinforcement varies upon the beam loads but they are commonly two #5,
#8, or #10 bars along both the top and bottom. For the joist-band beams, the reinforcement is typically
four, five, or six #6 or #11 bars along both the top and bottom. As usual, #3 stirrups and ties are used to
contain the transverse bars. The elevated slab used to support the 2" and 3™ floors is 10.5” thick between
drop panels. It is reinforced with a number of different reinforcing bars for a total of 3.93 psf of steel. The
drop panels are sized at either 2.25” or 8.25” in depth at a square size of 7’ or 10.33’, respectively.
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A quantity take-off of the designed area yielded 172 cubic yards of concrete and about 12.5 tons of steel
reinforcement. Including materials, labor, and equipment, the cost of the design area is $109,928 and the
duration of work is 143 days. The size of the designed area is 1312 square feet per floor for a total of 3936
square feet for all three floors. The size of the entire building for the above ground floors is a total of
27000 square feet. With this ratio, the cost of the entire structural redesign is $754,079 and the duration
is 984 days.

In comparison to the original structure, the concrete redesign increases the cost and schedule by $252,129
and 945 days respectively. A cost of $80,000 was assumed to represent the steel columns and beams that
remained as part of the new structure. Table 6 summarizes the cost differences between the original
structure and the concrete structure.

Table 6. Convent/Monastery Redesign Summary

Original Structure Concrete Redesign Difference
Total Structural Cost $1,497,202 $1,669,331 +5252,129
Masonry $0 S0 S0
Concrete $728,000 $1,482,079 +5754,079
Steel $581,950 $80,000 -5501,950
Roof Truss $187,252 $187,252 S0
Duration 39 984 +945
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2.8 Architectural Implications

A disadvantage concrete has as a structural element is its larger size in comparison to steel. Therefore, it
is necessary to analyze the architectural effects of switching from a steel design to a concrete design. The
larger structural size can affect both the usable area in the room and the vertical space allotted for MEP
systems in the ceiling. These considerations only need to be taken into account in the Convent/Monastery.
The Fellowship Hall design supports the roof, so it has no slab to take up space. Furthermore, the floor-
to-roof height is 15’10”, allowing for plenty of extra space for a larger concrete beam.

The steel beams used in the Convent/Monastery range in size from W8x10 to W14x61. These beams have
a depth of approximately 8” and 14” respectively. Metal deck with a thickness of 2” and a topping of 3-4”
of concrete will be laid on top of the beams. The floor-to-floor height is 13’2” and the ceiling is suspended
9’6" above the floor, or 3’8” below the floor above.

The concrete joist band beams with the new design have a depth of either 12.5” or 16.5”. The elevated
slab has a thickness of 10.5”, and will be partially integrated with the beam to reduce the depth impact.
Drop panels further increase the depth by either 2.25” or 8.25”, but only 7’ or 10.33’ square around a
column.

The change in structural depth will vary based upon the structural members in that location. An 8” steel
beam with the metal deck has a structural depth of 13-%”, and a 14” steel beam has a depth of 19-%4". The
depth for the steel structure will fit within this range across the entire building. Considering the ceiling
height, this allows approximately 2'%” to 2’'6-%" of clear space for MEP systems. Switching to a concrete
system will reduce this gap significantly. A 12.5” joist-band beam with a 10.5” concrete slab on top
increases the structural depth to 23” total. Drop panels will increase the depth by either 2-%4” or 8-%4”. This
leaves approximately 1'%” to 1'6-%" of clear space for MEP systems. This is a significant decrease in the
space above ceiling, but only occurs near the columns. In between drop panels, where systems are more
likely to run, there is approximately 1’9" of clear space for MEP systems.

A 16.5” joist-band beam will increase the structural depth by four inches. This will leave clear space of 8-
%" or 1'2-%" at the drop panels and 1’5” in between them. This is still adequate space to install the
majority of MEP systems, however MEP components would be located closely together, which does not
facilitate easy installation or maintenance.

Another item of concern is how the larger columns will affect the available area within each room. The
steel columns of the original design are W8x31, which cover a small area of approximately 0.50 square
feet. The 20” square columns replacing them occupy a much larger 2.8 square feet of space. There are
approximately 42 columns per floor that will be changed from steel to concrete. The concrete column
design will occupy 118 total square feet, while only 21 square feet is occupied with the steel design.
Considering the total area per floor is approximately 9600 square feet, this means less than 2% will be
occupied by the concrete columns. This is a negligible amount of lost space in the overall design.
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However, an issue may arise about the wall construction around the column. The columns will be
significantly wider than both the interior and exterior walls, meaning there will be box outs to
accommodate the columns that will alter the architectural appearance and feel of the room. For instance,
the exterior walls are 1’ to 1.5" in width and interior partitions are 0.5’ in width. A 20” column is
substantially thicker in most cases so it will be quite visible as an extrusion from the wall. The architect
will need to verify whether this is an acceptable change or if it will alter their intended design too
drastically to be warranted. Furthermore, it should be considered whether or not the box-outs would be
inconvenient to the future residents of the apartments.

2.9 Recommendations

After considering all of the information available, it is not recommended to alter the structure of the
Convent/Monastery. It is recommended to explore redesigning the structure of the Fellowship Hall. The
increased cost and massively lengthened schedule of a concrete structure for the Convent/Monastery
prohibit its use. This is furthered by the negative impacts that the larger concrete columns have on the
architecture, in particular the decreased clear space above the ceiling. Although some advantages may be
garnered from worker affinity to concrete work, the disadvantages outweigh them. On the other hand,
changing the structure of the Fellowship Hall to concrete could be advantageous to the project. The
overall construction costs are roughly the same and there will be no major negative implications to the
architectural style. The increased schedule duration is something of concern, however, since some
activities are clearly critical to the schedule. An additional 80 days of structural work will most certainly
influence critical path activities. Therefore, the project team will need to determine whether they can
accommodate or reduce this duration.
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3.0 Analysis ll: Restructure of Concrete Bid Package

3.1 Problem Statement

With three of the five buildings on site almost entirely structured using CIP concrete and the entire
underground Parking Garage formed of CIP concrete, the concrete scope on the project is very large. In
addition, there are a number of complex shapes and designs that need to be formed, particularly on the
Mosque. This places a significant amount of pressure on the shoulders of the subcontractor in charge of
the concrete package, who will be referred to as Contractor X. If they fall behind in their work due to error
or unforeseen circumstances, it will almost certainly affect the entire project. A majority of their structural
work lies upon the critical path, whether directly or indirectly. It is absolutely essential that Contractor X
remain on task so that their work remains on schedule and does not negatively impact other
subcontractor work.

3.2 Potential Solutions

Division of the concrete scope is a potential solution that will spread the workload between multiple
subcontractors, hopefully allowing them to focus their efforts into preparing for and addressing
challenging construction situations. The bid package will be divided into smaller, separate packages so
that it can be split between multiple subcontractors. There are a number of opportunities to divide the
project into separate areas that will each be part of a bid, and these will be explored through the
completion of this analysis. Depending on the division of the concrete scope, a structural analysis may be
required to ensure that the divided structures still retain their strength.

3.3 Analysis Process

Initial research will be conducted into the concrete market available around the project location, in order
to determine what other concrete subcontractors in the area could viably complete the project. This
involves researching the size, culture, project history, capabilities, and location of each company. Using
this information, contractors that are deemed capable of completing the project will be chosen to contend
for a portion of the restructured bid package.

Then, the concrete scope will be divided by best judgment based upon size, cost, volume, complexity, and
duration of each division. There are different opportunities to divide the scope and these will be explored
to select the best option. Once the scope is divided, each bid package will be awarded to the
subcontractors selected in the prior assessment. Further analysis will examine if there is a need for
additional contractual requirements due to multiple concrete bid packages and examine potentially
challenging areas where subcontractors will have to work against one another.
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3.4 Background Research

The total cost of concrete work on the project is $15.5 million. With the cost of all construction work
totaling about $65 million that means the concrete scope is almost 25% of the entire project cost. In
addition, the entire concrete scope totals nearly 25,000 cubic yards of concrete. The three areas that have
the majority of the cost within the concrete scope are the Parking Garage, the Mosque, and the Turkish
Bath. Table 7 below provides a brief breakdown of concrete, steel, and MEP costs on the project.

Table 7. Cost Breakdown for this Campus Project

Volume of Cost of Concrete Cost of Steel Cost of MEP
Concrete (CY)

Parking Garage 13200 $6,320,000 - $2,889,000
Mosque 2900 $3,800,000 -- $3,774,000
Turkish Bath 5400 $3,463,000 $151,000 $5,870,000
Cultural Center 1400 $974,000 $181,000 $2,155,000
Convent/Monastery 1300 $728,000 $769,000 $2,163,000
Fellowship Hall 400 $215,000 $483,000 $1,516,000
Total 24,600 $15,500,000 $1,584,000 $18,367,000

On the schedule, much of the concrete work lies on the critical path of the project or can have influence
on items that are on the critical path. In particular, nearly all of the foundation and superstructure
concrete work of the Bath is critical. This is a challenging work area due to a difference in elevation of
almost 20 feet, large retaining walls, and long post-tensioned beams. It requires a significant depth of
excavation, and extensive use of shoring and temporary bracing as structural elements are put into
position. Difficult work is also present on the Mosque, which is composed of a multitude of uniquely
shaped columns, arches, and domes and two minarets. These shapes require custom formwork that takes
both time and money to construct. For example, several different forms have to be used for each minaret
because the exterior shape changes as the height increases.

The Parking Garage does not have critical activities, but its completion affects nearly every other building
on the project, especially the Mosque. The foundations of the Garage are closely located near every
building, and the elevated deck forms the ground level of the site. Short delays here do not have a direct
effect on the schedule, while long delays will most certainly affect the critical path. The design of the
Garage is fairly simple and should not be challenging to complete. However, its sheer size requires in
depth activity, which could be delayed if there are material shortages or complications with deliveries.

During the project, Contractor X has fallen behind at some points, typically due to unforeseen challenges
with construction, such as issues with the Styrofoam dome. Styrofoam domes were used to shape the
smaller domes of the Mosque. Once the concrete cured, it was unexpectedly difficult to remove the
Styrofoam from the concrete. This required Contractor X to spend additional time both removing the
domes from the concrete and preparing the domes prior to placing the concrete, in an effort to make
removal easier once cured. It is possible that some of these difficulties could have been avoided or
prepared for if the scope of work was smaller and a contractor was able to focus on one building rather

than all of them.
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3.5 Project Concrete Contractor — Contractor X

As stated previously, the concrete contractor selected to complete the concrete work on the Cultural
Center will be referred to as Contractor X. The company was founded in 1987 as a general contractor and
specialty concrete contractor. Over the years, the company has grown along the east coast and has
completed a number of impressive projects, growing its industry reputation. The company has experience
in dozens of sectors and is known for assisting projects in the design phases.

One of Contractor X’s specialties is in the design of formwork. They have many formwork engineers who
plan and develop the systems that will form concrete shapes. Before major pours, the engineers are
required to inspect the formwork to ensure that it is installed correctly. Furthermore, Contractor X is
recognized as the largest US owner of PERI formwork products, a state-of-the-art European designed
system. PERI formwork is known for its ease of use and transportability. There are many different styles
of PERI formwork, making it great for unique shapes and forms like those on the Mosque. For Contractor
X, this large stock of formwork is beneficial because they will be able to continue work even with the high
amount of concrete that must be formed.

Contractor X consistently stresses that safety is extremely important to the way they do work. On the
project, they create and enforce a culture of safety that holds everyone accountable for safe procedures.
As stated before, formwork engineers are required to inspect all formwork before the concrete is poured.
This is an extra step that is taken to ensure not only that the formwork is correct, but that it will hold and
perform safely under the concrete load. Contractor X’s efforts to create safe project sites were recognized
when they were given an award for 760,000 man hours on a project without a single accident that resulted
in lost time. That is a tremendous feat that proves how capable Contractor X is at maintaining safety on
site.

Contractor X should also be recognized for the innovation that they have shown on this Campus Project.
The majority of the formwork used to form the shapes of the Mosque were hand made by their craftsmen.
Other forms, such as for the large dome, were made with laser cutting in order to keep accuracy high. For
the smaller domes, Contractor X built their own rotating screed system because there was no other simple
way to create a smooth finish. This ingenuity has been invaluable on the project and is a testament to
their experience and creativity.
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3.6 Description of Assessment

This section is dedicated to explaining the method of assessing the concrete contractors that could be
selected to complete the additional bid packages created later in this analysis. These contractors will be
carefully chosen based upon their qualifications and similar work experience to the project. The mission
is to use this assessment to select a contractor or contractors that will be well suited to complete the
concrete work on the project. The assessment criteria used to analyze the strengths and weaknesses of
each contractor will be explained. Then, each contractor will be examined, summarized, and evaluated
using this criterion, and the total ranking each contractor receives will be used for selection.

Overview

An assessment system was created to analyze each contractor’s ability to complete the project based
upon the information that was available for them. It is categorized into their Project Experience, Resource
Availability, Extent of Work, Location, Safety, and Innovation/Creativity. These six criteria represent the
most important company characteristics that will influence their ability to complete the concrete package
of the Cultural Center. A brief description of each criterion is provided below to explain the rationale
behind their selection.

Contractor A, Contractor B, and Contractor C will be evaluated using these criterion, each of which will be
ranked on a scale of 1 to 4. A ranking of 1 will signify that the company has very low or no ability in this
category, while a ranking of 4 will signify that the company has exceptionally strong ability. A ranking of 2
or 3 will fall in between those levels. The total value obtained by adding all six rankings will be the
company’s rating for the project. A contractor with a higher value will be viewed as better suited to
complete the work on the project than a contractor with a lower value. These rankings will be used to
select the number of contractors needed to complete the bid package divisions established later.

Project Experience

This category addresses a company’s experience with projects that are similar or larger in size and scope
to this Campus Project. It is an important category because the company needs to be comfortable working
on large scale projects, without getting overwhelmed by the workload. The ranking is based upon the total
value of the bid package, the building area, and the volume of concrete on the project. For reference
purposes, these are the statistics of the project that were considered:

e Concrete Package Value: $15,500,000
e Total Building Area: 287,400 square feet
o Volume of Concrete: 24,600 cubic yards

In addition, example projects will be examined to determine if the contractor has any experience with
multi-building projects. A ranking of 4 is awarded if a contractor has project experience that is equal to or
greater than these three requirements. The ranking decreases per each value that the contractor is
deficient. If this information is not provided by the contractor, then a best guess is made. However, the
highest value the contractor could receive in this case would be a 3, and only if highly justified.
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Resource Availability

This category addresses the level of resources that the contractor has in its possession. This includes
materials, equipment, formwork, scaffolding, and all other essentials that are needed to complete their
work. The ranking is not based specifically on number of materials, but rather a general scope. A four is
awarded if the contractor has resources within all of the previously listed categories, and in significant
numbers. A one is awarded if the contractor has resources in only one or two categories. If no information
about a contractor’s resources was found, then the contractor will receive a generic value of 2.

Extent of Work

This category addresses how much work related to concrete that the company completes in house. Work
related to concrete includes producing, delivering, forming, placing, and finishing. A company that
completes all of these tasks in house has better control over the process than a company that contracts a
separate entity to produce and deliver the concrete. A four is awarded if the contractor completes all of
the above tasks, and a two is awarded if the contractor completes only forming, placing, and finishing. If
there is no information provided by the contractor, it will be assumed that they should receive a ranking
of 2 because this is the basic work that a concrete contractor would complete.

Location

This category addresses how close the contractor and its resources are located to the project site.
Proximity is essential to getting materials and equipment on site quickly and efficiently, especially if they
are needed on short notice. A four will be awarded if the contractor is located within 20 minutes of the
site, and a three if they are located more than 20 minutes but within 45 minutes. A two is awarded for
times longer than 45 minutes and a one is awarded for times longer than 1 hour and 30 minutes. If no
information is provided, then the contractor will receive a rating of 2.

Safety

This category addresses the company’s ability to promote and enforce safety on their projects. It takes
into account both their past project performance, the requirements they have on employees, and their
goals for implementing safety in the future. This criteria is difficult to judge because specific information
is not often provided by the contractor. The ranking will be based upon best judgment, but a four will only
be provided if the contractor has a safety initiative or plan clearly stated.

Innovation/Creativity

This category addresses a company’s ability to develop unique strategies to handle challenging situations
on projects. This is very important because the project has a number of difficult shapes and designs. This
criteria is almost entirely based upon assumption since there is very little related information available on
contractor websites.

A Campus Project | Garrett Schwier | Page 36




3.7 Contractor Ranking

Contractor A

Contractor A was founded in 1974. Originally, the small company only took on jobs to form, place, and
finish concrete. As the company grew and expanded, it took on more roles within the concrete market.
Now, they are capable of completing all work in house, from production to finishing the concrete. This
gives them a significant competitive advantage because they are in control of the process and can limit
delays that may occur if a separate entity was involved.. Even more beneficial is the proximity that
Contractor A’s batch plants have to the construction site. The closest plant is within 18 minutes of the site
and no plant is located more than 80 minutes away. This keeps a plentiful volume of concrete readily
available to the project.

Contractor A also has experience on large projects of similar or greater size. The largest contract they have
completed was a hotel project at a value of $57,000,000. The project consisted of a 22-story and 28-story
multi-tower, with a 5 story parking garage under each building. The total amount of materials used was
100,145 cubic yards of concrete, 11,465 tons of rebar, and 370 tons of post tension steel. Impressively,
Contractor A was able to finish the large job 5 weeks ahead of schedule. Other projects that they have
completed vary in size and cost, but the majority is comparable to this Campus Project.

The only project that Contractor A has completed that involved multiple buildings was a research facility
project. Three separate buildings were constructed simultaneously as primarily office space. The concrete
scope was not significantly high at only $2,250,000, but it is a benefit to Contractor A’s capabilities that
they have had experience with a multi-building project.

In terms of safety, Contractor A requires that all employees participate in weekly Tool Box Talks that serve
as short training and information sessions. Additionally, in order to use most equipment, employees must
take a company provided training and safe operation practices class. If there happens to be any incidents
on site, Contractor A’s safety department will investigate the incident and follow up with the injured
employee or employees as necessary. They report that nearly 50% of the entire staff is OSHA trained and
actively renews as regulations change. Also, substance abuse testing is required upon hiring and at
random monthly intervals. If a positive result is received, the employee is terminated immediately.

Overall, Contractor A’s biggest advantages are their industry experience, close proximity to the site, and
complete in house process. These features make them a viable candidate to work on the project.

Rankings

e Project Experience: 4

e Resource Availability: 2
e Extent of Work: 4

e Location: 4

e Safety:3

e Innovation/Creativity: 2
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Contractor B

Contractor B was founded in 1947 by lifelong friends. In over 65 years of operation, the company has
completed more than S5 billion in concrete construction projects. They have had continued success due
to their committed client relationships, ingenuity, and hardworking spirit. Similarly to Contractor A,
Contractor B also completes all of the tasks related to concrete in house.

They complete this array of work with the help of a 22 acre maintenance and storage facility that
maintains and houses the construction fleet, equipment, and materials of the company. Here, they have
their own mobile and tower cranes, pump trucks, hoisting equipment, scaffolding, shoring systems, and
formwork. All of their equipment is maintained at this site by their own employees, making their workers
very familiar with their equipment and technology. However, no information on the location of storage
facility or of the batch plants was available.

Detailed information, such as cost, volume of concrete, or tons of steel, on the past projects Contractor B
has completed is not provided. However, they do have an impressive list of large projects completed with
well-known companies, such as Davis, Clark, Turner, and Whiting-Turner. The largest project they have
completed measured over 2.5 million square feet, so they are clearly experienced with large scale
projects. No examples of multi-building projects could be found on the company site.

Contractor B has a strong safety program that requires all employees to be trained both immediately upon
hiring and 90 days later. The later training involves more specific training related to the trade they have
chosen. In addition, certain employees will be trained as Scaffold, Fall Protection, or Excavation
Competent so that they can ensure those activities and systems on site are installed and used properly.
In 2012, the company initiated a warm-up program to get all workers moving and active in the morning.
The intent is to get employees ready for work by getting them mentally alert and by loosening the muscles.

A unique skill that Contractor B brings to projects is their design assistance. They are typically brought on
projects early in the design process in order to assist with value engineering, modifications, or other
means that could improve the project. This early involvement could be useful on this Campus Project
because of the complicated shapes and designs, where there is a potential for early planning that would
benefit construction operations. An example of Contractor B’s ingenuity is their creation of the Infinity
System. Used for multifamily dwellings, it is a quickly assembled noncombustible steel and concrete
structural framing option. The system offers speed, flexibility, and customization to the owner and project
team. This kind of creative thinking could benefit the project if it is established early.

Contractor B’s key advantages are their vast experience, extensive storage yard, strong safety program,
and innovative company team. These features make them a very strong candidate for the project.

Rankings

e Project Experience: 2

e Resource Availability: 4
e Extent of Work: 4

e Location: 2

e Safety:3

e Innovation/Creativity: 4
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Contractor C

Contractor Cwas founded in 1968 in Ohio. Since then, they have grown nationally, completing increasingly
larger projects and expanding into 12 regional offices across the US. The office closest to the Cultural
Center is approximately 25 minutes away, making it a close commute. Based on research, it is not certain
whether or not Contractor C completes all of the concrete tasks from production to finishing.

Contractor C as an entire company reports that they have over 1,800 units of heavy construction
equipment and over 1.3 million square feet of forming and shoring units. This equipment and materials
would be invaluable on the Cultural Center, but it is unspecified how much of these resources are located
near the regional office.

The largest project scope that was completed by the regional office nearest the Cultural Center totaled
44,000 cubic yards of concrete. Additional projects in this area were typically buildings totaling several
hundred thousand square feet of area. It is obvious that the regional office has experience with large
projects, but it is unclear to what depth.

Contractor C does have a strong safety initiative with an Incident and Injury Free (IIF) mentality. Employees
are required to participate in weekly “Tool Box” discussions and field supervisors are required to go
through weekly safety trainings. In addition, the company actively schedules OSHA recertification training
and offers specialized training courses to employees. Contractor C emphasizes that their employees care
for not only the safety of themselves, but for the safety of all workers on the project. This is an excellent
mentality to have and will benefit this Campus Project because of the high number of workers that will be
on site from different organizations.

Contractor C’s biggest advantages are their experience, large company size, and strong safety initiatives.
Their equipment and material base could also be an advantage, but it is unspecified how much is allocated
to the regional office. It should be noted that Contractor C was ranked highly on ENR’s 2013 list of the top
600 specialty contractors in the US. This is an indication that they have a strong performance record with
their clients. With these qualities, Contractor C is also a good candidate to work on the project.

Rankings

e Project Experience: 2

e Resource Availability: 3
e Extent of Work: 2

e location: 3

o Safety: 4

e Innovation/Creativity: 3
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Summary

Through compilation of the individual rankings each contractor received, the total scores are 19 for
Contractor A and B, and 17 for Contractor C. Some of this difference could be attributed to the increased
availability of information for Contractors A and B. However, the ranking is a reasonable assessment
because Contractor C was deficient in several areas in comparison to A and B. A summary of the
assessment can be found in Table 8 below. Highlighted values signify the contractor that had the highest
value within each criterion.

Table 8. Assessment of Contractors

4 2 2
2 4 3
4 4 2
4 2 3
3 3 4
2 4 3

17

Based upon the bid package divisions established next, Contractors A and B will be chosen to accept bid
packages first. If three packages are used, all three contractors will be selected; however, Contractors A
and B will be given the larger or more intensive bid packages to reflect their higher score.

Additional Contractors

Other contractors located near the project site were also researched; however the majority was not
selected for one reason or another. Some contractors were of adequate size, but lacked the experience
for building projects because they mostly worked on infrastructure projects. Other contractors had the
necessary experience, but were too small in size to effectively work on this project. These decisions are
not meant to impart any negative connotation upon the contractors. They simply did not meet the
minimum requirements that would be needed to work on the project as established in this assessment.
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3.8 Bid Package Division

This section is dedicated to evaluation of the different methods in which it could be divided to lessen the
work. There are several different options for division that would be possible, and this assessment will
attempt to choose the most viable and potentially valuable option. An overview of the current bid package
on the project can be found within the section 3.4. Each potential new division will be introduced and
evaluated on realistic means of implementation. Once a division is selected, any implications to the
contract and structural integrity will be discussed.

Division 1: Two Bid Packages

The first potential division is to separate the concrete scope into two bid packages. Package 1 will solely
contain the Parking Garage, and Package 2 will contain the remaining five buildings. This division
effectively divides the concrete scope in half by volume of concrete. Package 1 will consist of 13,200 cubic
yards of concrete, and Package 2 will consist of 11,400 cubic yards. Cost will not be divided as evenly as
the packages will have a value of $6,320,000 and $9,180,000, respectively.

The advantage of this division is that both contractors will be on site at the same time for the minimum
amount of time. Once the Parking Garage is completed, the contractor completing Package 1, Contractor
1, will be able to vacate the site. The contractor completing Package 2, Contractor 2, will only be on site
for portions of Contractor 1’'s operations, namely excavation of the Turkish Bath. Contractor 2 will remain
on site and continue constructing the five buildings after contractor 1 has completed. This will limit the
amount of congestion on site and will make site logistics a little easier to manage. For the time span that
both contractors are on site, site utilization plans will have to carefully detail how the contractors will use
site entrances and layout areas. This can be difficult to plan, but can be accomplished successfully with
good cooperation and communication between the contractors and the project team.

The disadvantages of this division are that the scope of work is not evenly divided and Contractor 2 will
be almost entirely reliant upon Contractor 1’s ability to complete their work on schedule. Although the
volume of concrete is evenly divided between the packages, the scope of work is mismatched. The Parking
Garage has a very simple and repetitive structure, making it an easily managed process for Contractor 1.
In contrast, the scope of work within Package 2 is considerably more challenging. Contractor 2 will have
to manage the complex shapes and designs of the Mosque, the deep excavation and extensive
foundations of the Turkish Bath, and varying structures of the Fellowship Hall, Cultural Center, and
Convent/Monastery. In essence, this bid package division does nothing to distribute the difficult to
construct areas of the project to both contractors, and instead places them entirely upon the shoulders
of one contractor.

Furthermore, since much of the work within Package 2 cannot begin until Package 1 is complete,
Contractor 2’s schedule will be almost entirely dependent upon Contractor 1 following their schedule. If
Contractor 1 falls behind in their work load, it will delay Contractor 2. This places a difficult handicap on
Contractor 2, who can do very little to change their situation. In addition, Contractor 2 will also have to
trust in the structural integrity of the Parking Garage completed by Contractor 1. Some of the foundations
or other supports of the Parking Garage lend structural support to the other buildings, particularly the

A Campus Project | Garrett Schwier | Page 41




Mosque and Fellowship Hall. If there is an issue or failure within the Garage structure, it will heavily
influence the structures of the other buildings.

Both of these situations create contractual and legal nightmares because neither contractor will want to
carry the risk or liability of the other. This division would most certainly require detailed contractual
language to address these and other situations that could arise. Due to these major disadvantages versus
a rather minor advantage, this division is not recommended. The benefit of dividing the bid packages this
way is not worth the additional challenges and effort required.

Division 2: Three Bid Packages

The second optional division separates the concrete scope into three bid packages. Package 1 will include
the Parking Garage, Mosque, and Fellowship Hall for a total volume of concrete of 16,500 cubic yards and
a total value of $10,335,000. Package 2 will include the Cultural Center and Convent/Monastery for a total
volume of concrete of 2,700 cubic yards and a total value of $1,702,000. Package 3 will solely include the
Turkish Bath for a total volume of concrete of 5,400 cubic yards and a total value of $3,463,000. This
division does not separate either the volume of concrete or value evenly, but it does attempt to separate
the scope of work in an even distribution.

This even distribution is the main advantage that this division supplies. The three contractors involved will
have similar scopes and complexities of work to complete. Ideally, this will give the contractors the
opportunity to focus on their required work and anticipate and plan for challenging situations. With this
preparation, the contractors will be able to address any situations that arise without causing delays to the
schedule. This is a strong benefit to the project and is the goal of this analysis.

The disadvantage of this division is that there will now be three separate contractors responsible for
completing the concrete scope of work. This will create added confusion and congestion on site because
of dramatically increased operations with three contractors versus one. Site utilization and logistics will
have to be very carefully considered in order to keep operations organized, coordinate deliveries, and
track contractor progress. Communication between the contractors will be essential to completing the
work effectively without interfering with one another.

Similar to Division 1, a further disadvantage will be that Packages 2 and 3 are dependent upon Package 1
for schedule and structural integrity. However, these dependencies are not as strong as they are in
Division 1. Through proper bracing and communication, Packages 2 and 3 can take place concurrently with
Package 1. However, since much of the work will tie together or will take place very close together, some
contractual language may need to be updated to address risk and liability for those situations.
Furthermore, it would be beneficial to analyze these situations where different contractors will be working
closely together and plan for them well in advance.

Overall, this division offers strong benefits of more evenly distributed scope of work. The packages are
divided to separate complex areas so that each contractor will only have one major area of difficulty.
However, the drawbacks of more challenging site logistics discourage the use of this division. Coordinating
three separate contractors on site would be a very challenging logistical situation. Therefore, this division

is not recommended.
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Division 3: Two Bid Packages

The third division option is very similar to Division 2. Package 1 will include the Parking Garage, Mosque,
and Fellowship Hall, as in Division 2. Package 2 will include the Turkish Bath, Cultural Center, and
Convent/Monastery — effectively combining Packages 2 and 3 of Division 2. This will evenly divide the
complex work on the project and more evenly divide the volume of concrete and cost. Furthermore, it
will require only two contractors on site, simplifying the logistical needs that would be required if three
contractors were needed. Division will again involve 16,500 cubic yards of concrete and have a value of
$10,335,000, but now Division 2 will involve 8,100 cubic yards of concrete and have a value of $5,165,000.
Although Division 1 is still significantly larger in cost and size, this is mostly attributed to the underground
Parking Garage, which has a simple, consistent design as mentioned previously.

As in Division 2, this separation provides the advantage of an evenly distributed scope of work, because
the most challenging areas of the project, the Mosque and the Turkish Bath, are split between the
contractors. As explained in Division 2, this will give the contractors more opportunity to plan and address
those difficult areas. Where Division 3 excels beyond Division 2, is that only two contractors are needed
for the work. It will be far easier to manage two contractors on the project than it would be to manage
three. It will also make it easier to designate areas around the site for staging, layout, and material storage
for each contractor. Also, this division, for the most part, keeps each contractor out of one another’s way.
Contractor 1 can maintain their work and designated areas within the footprint of the Parking Garage,
while Contractor 2 can keep their work and areas outside of it. This separation should make work and
management easier for the contractors.

Similar to the other divisions, the disadvantage of Division 3 is that Contractor 2 will be reliant upon the
work completed by Contractor 1. As explained in Division 2, this issue can be rectified with good
communication and proper bracing. Some coordination will be required between the two contractors, but
the work should be able to proceed unhindered. However, contractual language may be needed to clearly
define who carries the risk in this situation.

Overall, Division 3 offers the strongest advantages compared to Division 1 and 2. The scope of work is
evenly distributed on the contractors as well as located to keep a separation between their work spaces.
As with the other divisions, the disadvantage is that the work within Package 2 is reliant upon the structure
and completion of Package 1. This difficulty will require careful management and planning, and may also
require some contractual language to define liability and risk. Because it has the strongest advantages,
Division 3 is the recommended bid package separation to pursue.
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3.9 Contractual Implications

Restructuring the concrete bid package with Division 3 will require some additional contractual language
to be employed. The entity who carries the risk and liability of the common building structures will need
to be clearly defined. This may also include who will provide and maintain the temporary bracing installed.
Contractual language should also explain any information sharing and collaboration procedures required
of the contractors. Some of these expectations could be a sharing of structural information and as-built
drawings which will be useful for the contractors as they plan construction operations and surcharge
loads. Balfour Beatty should carefully develop this contract with the contractors so that all parties will
understand their roles and responsibilities. They may also need to carry the risk associated with these
operations to ease the requirements on the contractors.

3.10 Structural Integrity

Due to the chosen method of structural division, it was deemed that a structural analysis was not
necessary. The foundations and structures of each building are kept predominantly separate. The
Fellowship Hall and the Mosque rely on the structural support of the underground Parking Garage, but
this will not pose an issue since Contractor 1 will be responsible for these three buildings. Furthermore,
the structures of the Cultural Center, Convent/Monastery, and Turkish Bath do not tie directly into the
Parking Garage, and therefore are not reliant upon it. The main area of concern is the retaining wall that
separates the Parking Garage and Turkish Bath. There is an elevation difference of nearly 30’ here and it
is very important that the wall is installed correctly because it will be supporting the surcharge
construction loads and dead loads of the Parking Garage.

The sequence of events that should be followed to complete this wall properly are as follows. The wall
itself should be poured according to schedule within the excavation and foundation phase of the Turkish
Bath. The pool area, at the base of the wall on the Bath side, should be backfilled first. Then, the elevated
deck of the Parking Garage can be built on the Garage side of the wall. In this process, the surcharge loads
will be evenly matched to ensure the integrity of the retaining wall. If the elevated deck is constructed
prior to the pool being backfilled, the unmatched loading could severely damage the retaining wall.
Therefore, it is imperative that the pool be backfilled before the elevated deck begins construction.

3.11 Recommendation

Based upon the analysis conducted, it is recommended to implement Division 3 of the concrete bid
package. This division will maximize the contractors’ ability to plan and coordinate work effectively,
particularly when addressing the unique challenges of the work. Contractors A and B should be selected
to complete the work because they have the best qualifications and experience to complete the work
effectively. Furthermore, some specific contractual language should be developed to address the work
that will be conducted, particularly with concern of how the contractors interact and cooperate with one

another.
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4.0 Analysis Ill: Workforce Management Plan

4.1 Problem Statement

This Campus Project has a unique opportunity to utilize a larger workforce, and therefore have a higher
productivity, because of multiple buildings on site. Construction operations can occur in many different
spaces throughout the site, giving subcontractors flexibility and opportunity when completing work.
Additionally, subcontractors can actively adjust their working schedules to accommodate for any
hindrances or interruptions that may occur. For example, if Trade A is scheduled to begin work in the
Cultural Center, but cannot because Trade B is still working in that area, Trade A can relocate and work in
another building. This flexibility prevents the presence of idle workers and keeps Trade A working.

However, this situation does present an issue returning to the schedule when Trade B finishes and Trade
A needs to resume work according to the designated schedule. Trade A would need to complete the work
in their present area before returning to the previously scheduled area because it would be inefficient to
do otherwise. This could cause further delays to the timetable if not managed properly. More importantly,
site management becomes more challenging with a larger, diverse workforce. In order to better direct
this workforce, the project team will need to develop a detailed and comprehensive management plan.

4.2 Potential Solutions

There are many different techniques that can be used to accurately manage and track the work force on
the project. These options will be researched and analyzed for the effectiveness and applicability to this
project. This data will then be used to develop a Workforce Management Plan that can be used on projects
with diverse and extensive workforces. Ideally this plan will be used to alleviate the challenges with
managing the workforce in these scenarios, by providing the project team with guidance and helpful
strategies.
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4.3 Analysis Process

To complete this analysis, thorough research was first conducted into the common work practices of the
foreign artisans. This information was critical to determining if their work practices, methods, or directives
differed from that of the domestic workers. It will be used to assist with the creation of the supervisory
section dedicated to foreign artisan management. In addition, typical poor productivity causes and the
management techniques to address them were researched. Information within this section comes from
journals, as well as, class material collected from AE 570: Production Management. All of this data will be
used to develop a workforce management plan based upon the site conditions. This plan can be used to
manage the Cultural Center and similar sites in order to improve and sustain productivity.

4.4 Background Research

Through discussions with Balfour Beatty, the project team vocalized that managing the workforce is an
integral part of the project. Construction operations in multiple buildings grant a greater opportunity for
a larger workforce and production in different areas occurring simultaneously. Project management takes
full advantage of this capability by employing a large workforce and constructing all of the buildings
concurrently. However, with that practice it is much more difficult to track all of the different activities
going on across the site, and to keep an accurate record of work as it is completed. It becomes a challenge
to track all of these operations while ensuring that they are proceeding in a safe and proper manner.

The schedule also requires integration of foreign artisan work, which must be carefully coordinated with
other construction activities. The foreign artisans typically conduct work such as installation of lead sheet
metal roofing, installation of exterior and interior stone panels, detailed finishing work on the interior,
and installation of ornamental trim. Much of this work ties into the operations of other subcontractors,
so consideration of their work is important to keep to the schedule. An accurate way of tracking the
workforce would be a valuable tool for updating and monitoring the schedule and incorporating the work
done by foreign artisans.
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4.5 General Workforce Management Techniques

Loss of labor productivity can be attributed to three main causes: ineffective utilization of resources,
unfavorable working conditions, or adverse weather. Resources including labor, materials, equipment,
and information, need to be managed effectively in order to be productively utilized. Good planning,
material scheduling, and other techniques can be used to accomplish this. Congestion, out-of-sequence
work, and other site issues all attribute to unfavorable working conditions that will hinder worker
productivity. These complications can be avoided through strong site management techniques and site
utilization planning. Adverse weather is unfortunately an unpredictable factor on construction sites.
However, make-up work days can be included in the schedule to prepare for any potential delays due to
weather.

Even though decreases in labor productivity can be attributed to these three causes, at the core of most
issues with productivity is poor or ineffective management. Field workers will naturally complete work in
a productive manner. It can be argued that since they are paid hourly, it is in their interest to work slowly
in order to gain more hours. However, this is not often the case. A worker will be much more satisfied
with their effort if they complete it in a timely manner or according to schedule. Furthermore, employers
are more likely to terminate employees that continuously cause delays and fail to complete their work on
time. There are, however, numerous variables that can affect how quickly the worker can complete their
work. These variables must be accounted for by the project team in order to ensure productivity. This is
also where teams can fail at managing a construction site, particularly if they have not spent time
preparing and planning.

Planning is the key ingredient that goes into good site management and organization. This should occur
both before and during construction so that the team can be prepared for different scenarios that can
transpire on site. Managerial duties include scheduling work, actively directing crews, coordinating
materials, and limiting interruptions to critical work activities. These tasks are only part of the wide scope
of items that should be planned for on the project, but are some of the more important issues.

The schedule of the project is one of the most critical aspects of planning the work on site. It needs to be
detailed, accurate, and proceed in a logical fashion. The overall project is made prior to the start of
construction, but should be updated periodically to monitor and track the progression of work. Weekly
schedules can and should be made to provide detailed information about the specific trades and work
going on site. This information can be used to plan how the site will be utilized and better manage the
workers. Useful techniques to accomplish this are Pull Planning or Last Planner. Pull Planning is a
technique that works backwards through the schedule to examine the relationships between different
trades and how they are dependent upon each other. Last Planner is a method of coordinating
construction work each week by discussing activities with all of the foremen or superintendents involved.

Further schedule planning can look at the length of each work day and work week and how breaks are
coordinated around daily work. Depending on the amount of work that needs to be accomplished, each
work week can be 4 or 5 days. The amount of hours expected each day can also vary from 8 to 10 hours,
usually beginning at 6:00 or 7:00 AM and ending by 3:00 or 5:00 PM. Contractors typically prefer a 4 day,
10 hour day work week. This allows them to have a three day weekend, or a make-up day on Friday to
complete additional work as needed. Depending on the requirements of the project this can be adjusted
to be more productive and effective. Obviously, overworking the workers by requiring them to work long
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hours can hinder productivity over time because the morale decreases or the workers become too tired
to work efficiently. On the other hand, working too few hours will hurt worker morale because they may
not be making sufficient money. It is important to find a balance that is most applicable to the project.

In addition, the daily work schedule should be coordinated to take advantage of periods of high
productivity. It has been seen that from 10:00 AM to 2:00 PM is when workers are most productive.
Therefore, breaks should be coordinated around this time if at all possible. For example, a morning break
could be given at 9:00 AM, lunch given at 11:30 AM, and an afternoon break given at an unscheduled time
in the afternoon. This would create longer periods of work which allow workers to be more productive
because they can get into a work rhythm.

Weekly or periodic scheduling sessions should be used to actively manage and direct the workers on site.
Ambiguity in the workplace is a very quick way to lose productivity. Work spaces and activities should be
clearly defined so that workers know exactly what they are expected to be doing. Management should
also make periodic investigations of the site to ensure that work is of quality and that workers are on task.
However, it should be kept in mind that over-managing will negatively affect productivity and can hurt
morale. If managerial staff continuously and frequently check on workers, the workers may feel as if they
are not trusted to accomplish their work, leading them to lower morale. A beneficial and trusting
relationship between workers and management is much more effective and productive than an
overbearing management attitude.

Material coordination is also essential to maintaining productivity. Materials need to be readily available,
easily found, and in adequate quantity to facilitate construction work. Productivity can be seriously
affected when workers are unable to locate needed materials or parts due to material shortages or
unorganized storage. Workers can actually spend more time searching for materials than they do
completing work if the materials are assembled haphazardly or are difficult to locate. Carefully managing
the supply chain and organizing material storage on site is an important process for managerial teams.
Ideally, materials should be located as close as possible to where they will be needed and will be stacked
in an organized manner. In addition, the material stockpile should be of adequate size for the work that
will be completed. Insufficient materials on site will cause a drop in productivity because workers will not
have the materials available to complete their work.

Management should also strive to limit interruptions to construction activities, particularly critical ones.
Work stoppages or changes that disrupt the flow of work will hinder worker productivity. As stated
previously, it is best to create prolonged periods of work because these will naturally lead to higher
productivity. Management should attempt to avoid disrupting the flow of work and should plan to address
any situation so that interruptions are not long lasting. When planning work this requires coordinating
contributory work, such as site cleanup or organization, around value adding work, such as brick laying,
painting, welding, or concrete placing. The actual work that adds value should always have priority. Work
that assists or contributes to the actual value adding work is necessary to complete, but should be
completed concurrently and without interrupting the actual work.

These myriad techniques can be employed to utilize resources effectively and to keep working conditions
favorable, but the last challenge, adverse weather, is difficult to address. The weather is very
unpredictable and although many activities can be completed regardless of the weather conditions, there
are some that cannot. In addition, weather can cause damage to equipment, materials, and work in place
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if it is not properly protected. Rain can slow excavation or foundation work if pumps are not place to drain
the site. On most projects, the weather can be attributed to several days of delay because work was
slowed or stopped altogether. In order to prepare for this, the project team should attempt to incorporate
extra days in the schedule. These spare days, or weather days, will be “used up” when there is inclement
or serious weather. This will allow the project to remain on schedule despite losing days to weather. In
addition, the project team should ensure that all materials, equipment, and constructed work is properly
protected once on site. Rain damage to materials can destroy the integrity of the material, such as drywall,
making it unusable, or it can create a health risk, such as mold on mechanical ductwork. Fortunately,
through precaution and planning, the project team can protect their site from delays and damages due to
weather.
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4.6 Workforce Management Plan

The following Workforce Management Plan for the Cultural Center project will be used to better manage
and control the employees on-site. The techniques presented will be used to identify and solve issues, as
well as provide techniques to manage the work. Through the implementation of these methods, the
project team will be able to actively manage the site and maximize productivity.

A. Management Structure

It is important to clearly define and establish a management structure or hierarchy for the project. This
structure can be used to assign different site responsibilities to each person. Since the project has multiple
buildings and an extensive workforce, several different management personnel can be applied across the
site. Their duties and responsibilities will be defined based upon the area they are responsible for
overseeing. Defining this structure will increase site organization and understanding of job
responsibilities.

Due to the conditions on site, different methods of arranging this hierarchy are possible. Field
superintendents can be assigned a specific building or area of the site, depending on how the project team
wants to separate the project. The size, complexity, and location of each area need to be considered when
dividing the site into sections. Furthermore, assigning too many superintendents to the project is actually
a negative action because it clouds and complicates the leadership organization. For the project, it is
recommended to have two to three field superintendents governed by one overall site superintendent.

Each field superintendent will be in charge of a different portion of the site. The most effective way to
section the site would be to separate it by buildings. Superintendent A would manage construction of the
Parking Garage, Mosque and Fellowship Hall, while Superintendent B would manage construction of the
remaining buildings. If a third subcontractor was added, they could manage construction of the Turkish
Bath. These would be effective separations that define each superintendent’s responsibilities for the
entire project staff. Furthermore, it divides the site into smaller, more easily managed sections so that
superintendents can work more effectively.

In order to bring unity to the site, the overall superintendent will be in charge of managing each
supervisor. Daily meetings should be held so that the superintendents can review progress and daily work.
It will be necessary for them to coordinate deliveries and work activities, particularly crane operations.
The two tower cranes on site will facilitate more operations, which will be more convenient for
construction. However, the superintendents should ensure that they carefully plan each week in order to
maintain productivity and avoid work collisions.
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B. Data Collection Tools

There are many different techniques that can be used to monitor and record worker productivity on-site.
Some of the most commonly used methods are interviews, questionnaires, surveys, or manual recording.
These can be used by the management team to learn how the work is progressing and how workers view
its progress. Often, new delay causing issues or challenges can be discovered that were not previously
expected. Workers typically realize and report more detailed issues than management can notice through
their own observations. Useful interviews, questionnaires, and surveys should poll employees across all
different levels of management in order to get a broad view of operations.

These polls can be conducted in person, on paper, or through other techniques if they are more effective.
Careful and thorough documentation is necessary to track all of the responses and by examining them,
the reasons for site delays can be discovered. It can seem useful to send out as many polls as possible in
order to get a high volume of responses. However, too much information can be detrimental to analysis
because it becomes difficult and time consuming to document, organize, and track each response. It is
more useful to send out a manageable but thorough scope of polls in order to get useful responses.

Manual observation of construction activities and productivity can be a very challenging task. The
observer needs to take detailed and thorough notes that can be understood later during review. This can
be a complicated task if the activity involves complicated work, a high number of workers, or a large work
area. The movement and work of each worker, material, and equipment needs to be carefully tracked and
recorded. Videos and pictures are undeniably helpful means of collecting this information. The activity
can be recorded and then analyzed in detail at a later time. It needs to be noted that this action takes a
considerable amount of time and effort, but the information garnered can be very useful and beneficial.

The data collection tools that will be used on the Cultural Center are on-site, in-person interviews with
foremen, superintendents, and occasionally workers. Photographs will be used to assist with this
collection and provide supporting evidence for analysis. Information garnered through this approach will
be used to help identify delay creating issues in the construction process. Once these issues are recognized
they can be addressed by the project team for a solution.
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C. Data Analysis Tools

Several different tools will be used to analyze, organize, and present the information collected so that it
can be used beneficially by the project team. There are many different analysis tools that can be used,
each best suited for different situations. The project team should determine which tool will serve most
valuable based upon the parameters surrounding the project and the activity. The tools that will be
utilized in this plan are a crew balance chart, process chart, and labor utilization factor.

A crew balance chart may be created to examine crew sizes and assess if they are appropriate for the level
of work and production. These charts are good at visually showing how each worker completes useful
tasks within the time period observed. The time spent being productive or wasteful can be easily seen in
a column chart format. Using this, the team can decide whether or not the crew needs to be resized or
rearranged in order to be more effective. Often times, the crew will be larger than necessary and some
employees may be idle for significant portions of time. Therefore, the crew size should be decreased and
the idle employees given different assignments where they can be more productive and beneficial to the
project. Reorganizing the crew will design its size to fit the amount of work that needs to be completed.

To develop a crew balance chart, the crew should be observed through several cycles of operation in order
to have a more accurate assessment. The recorded information should track each crew member and
record the amount of time they spend working and the amount of time they are idle. The chart will show
where in the process the workers are idle and for how long. Time should run along the vertical access and
the names for each crew member should run along the horizontal. Figure 20 shows an example of a crew
balance chart. The dark gray signifies time spent accomplishing work while the light gray signifies time
wasted or spent idly. Clearly, Worker 3 spends a significant amount of time idly. It should be explored if
they can be reassigned to a different crew so that this activity can be completed productively by Workers
1 and 2. An actual chart may have as many as 10 crew members so it is important to provide clear names
for each worker to keep it organized and understandable. These charts are very useful because it is often
not the crew or the individual workers that are the reason for low productivity, but rather the crew is not
the appropriate size for the work they are completing.
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Figure 20. Example Crew Balance Chart
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The process chart will be created to map out the sequence of events that comprise the observed activity.
This includes all parts of the activity, including gathering or moving materials and setting up equipment.
Once the process has been mapped, the chart can be used to determine steps in the process that need
improvement. For instance, if materials are repeatedly lifted or moved during the activity, then the
storage location should be adjusted or redesigned to bring the materials closer to the work area,
decreasing the time spent retrieving them.

To develop a process chart, the activity steps should be accurately recorded and individually timed.
Documenting the sequence of activities is key to developing an accurate chart. The simple example shown
in Figure 21 is not representative of the complexity of steps that will likely be in an actual process chart.
It is possible that the process will have as many or more than 10 steps. Once the chart is developed, it can
be analyzed to find ways to improve the process. For example, to save a little over a minute of time, the
materials could be brought closer to the machine. This is a small amount of time within one cycle, but if
the process is repeated hundreds of times, it can add up to several hours of saved time. Symbols can also
be added to the chart to signify the type of process each step is. Process types are typically categorized
into operation, transportation, inspection, delay, and storage. For activities that have a significant amount
of steps, sorting them into these categories is useful to see where time is spent.

Typical symbols that are used are circles, triangles, squares, arrows, and other simple shapes. There is no
standardized method so a key should be included so that readers understand what the symbols mean.
The chart should be developed by placing Time on the horizontal axis and the process steps on the vertical
axis. Process steps should be clearly named and identified so that they are easily understood. Time that is
spent idly or wastefully should be included in the list of steps so that it can be considered in the final
assessment.

Retrieve Materials H

Place on Machine .

Process Steps
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Figure 21. Example Process Chart
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A labor utilization factor (LUF) is a measure of the effective labor that a worker performs. During an
activity, work is grouped into three categories: effective, contributory, and ineffective. Effective work is
the actual processes that lead to the creation of an output; for example painting a wall or laying brick.
Contributory work is necessary to achieve the output, but it is not directly adding to the output; for
instance, crew movement, clean-up, or information sharing. Sometimes it can be difficult to distinguish
between effective and contributory work because they both add some sort of value to the final output,
but the distinction between the types of work should be made as a best judgment. Ineffective work adds
no value to the output, such as rework, double handling materials, or doing nothing. The processes in an
activity need to be categorized into these three types in order to calculate the LUF.

Two formulas can be used to calculate the LUF. One formula only considers effective work versus the total
work observed, while the other formula considers both effective and contributory work. The full value of
contributory work is not included since it does not have a direct impact on the output, and therefore only
a quarter of the contributory work will be considered effective labor. These equations can be seen below
in equations 9 and 10.

Effective Work

LUF =

u Total Work Observed ©)

LUF = Effective Work + (0.25 X Contributory Work) 10
N Total Work Observed (10)

The labor utilization factor calculated will vary based upon the crew, their experience and productivity,
and the type of work being performed. It is important to consider all aspects of the work because a low
LUF may not mean that the work is unproductive. For example, complicated, detailed, or difficult work
may have a low LUF because the work may proceed at a slower pace to ensure accuracy and quality.
However, LUF can be used to gain an idea of the pace that a crew will complete work which is useful for
planning purposes.

Crew balance charts, process charts, and labor utilization factors will be used by the project team to
analyze how effective and productive workers are on-site. The team will be able to identify problem areas
and labor delaying causes. Then, by using this information, they can address issues and keep work
continuing productively by employing the techniques and methods presented in the following section.
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D. Management and Planning Tools

With the information gathered through the previous methodologies, the management team is now
prepared to implement additional tools to address delay causing issues and improve productivity. The
tools that will be used on the project are Last Planner and Pull Planning. These scheduling techniques will
help the team to plan, predict, and manage work effectively.

Last Planner is a scheduling technique that takes place at least once a week, at the beginning of the week.
The meeting will be held in the Balfour Beatty trailer, and the expected attendees will be subcontractor
superintendents, foremen, and the project management team. Last Planner will be used to coordinate
work and deliveries each week and to inform all of the project staff of the activities that will be taking
place that week. According to the Lean Construction Institute, the following benefits will be gained from
implementing Last Planner:

e Master Scheduling

e Make Work Ready Planning
o  Weekly Work Planning

e Learning

e Phase “Pull” Planning

Master Scheduling refers to setting milestones, strategizing the schedule, and identifying long-lead items.
These activities are not only important when developing the schedule but also to ensure that the schedule
can be made with current work progress. This schedule should be updated and reviewed regularly to keep
it accurate. In addition, the schedule can be used to coordinate and schedule when long-lead items should
be ordered or delivered.

Make Work Ready Planning is a look ahead method to make certain that work will be ready for installation
or to identify areas where rework is needed. This can be both prefabricated work, such as column forms
or restroom chases, and in-place work, such as brick laying or painting. Make Work Ready Planning
identifies the manpower, equipment, and materials that are needed to begin work and verifies when they
arein place. It is the final assessment needed to ensure that construction operations are ready to proceed.

Weekly Work Planning is the discussion and coordination of work being conducted that week. It seeks to
establish commitments and deadlines and ensure that the work will be completed according to those
deadlines. Through this planning, weekly operations can be coordinated to assure proper sequence and
workflow of construction activities. Equipment and materials can be organized and allocated for the week
and crane operations can be coordinated to avoid overlaps and confusion.

Learning is the information that the project team gains from conducting Last Planner meetings. Gathered
information is measure of work completed and work in progress, establishment of deadlines and goals,
understanding of what issues may slow construction or have slowed construction, and identification of
modifications that can be made to improve the flow of work. This information is invaluable to a project
team, and Last Planner creates a constructive setting where it can be gathered freely. This information
should be used in tandem with the information gathered with the Data Collection Tools presented earlier.
This combined knowledge should give the project team a thorough understanding of the project, any
issues present on the site, and methods to address them.
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Phase or Pull Planning is technically a separate scheduling technique, but is one that can be implemented
easily and to great benefit with Last Planner. Pull Planning examines the schedule in reverse in order to
identify key hand-off locations. These are locations where work is “passed” from one subcontractor to the
next subcontractor. It is necessary to identify these locations in order to ensure that the work is ready for
the next subcontractor. This includes the work being completed, the area being clean and ready, and the
preceding subcontractor having left the area. Furthermore, any special site considerations or information
that should be passed to next subcontractor should be included in this identification. The hand-off
sequences should be identified to both parties so that they can communicate with one another and create
a flowing process.

Both Last Planner and Pull Planning will be implemented on this Campus Project in order to realize the
aforementioned benefits. The Balfour Beatty project staff will lead the discussion during these meetings
and facilitate the flow of information. Subcontractors and superintendents will be expected to
communicate effectively, participate in the discussion, and commit to necessary deadlines. Coordination
and cooperation is expected by all parties in order to be effective and productive throughout construction.
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E. Foreign Artisan Management Technigues

To better manage the foreign artisans on the construction site, it is necessary to understand the typical
working practices and the hierarchy that they follow. This knowledge can be used to develop a thorough
management plan in terms of safety and productivity. Implementing this plan would allow supervisors to
oversee the foreign workers in more effective and better quality conditions. This background on the
foreign artisans will examine leadership styles, motivational techniques, and other practices.

In the foreign country, the artisans are typically uneducated workers from farming communities. They are
introduced to construction work because it is a growing industry in their country and does not often
require prior knowledge to complete. Companies will also provide training courses to new employees, as
a requirement of the hiring process. The foreign artisans also come from a predominantly patriarchal
society, where men are considered to be the dominant gender. This societal norm could possibly influence
their response to different leadership styles.

In their country, the artisans typically follow an authoritarian style of leadership. Workers are accustomed
to receiving explicit instruction and direction from their superiors. This could stem from their desire to
avoid accepting the responsibility associated with choosing and completing their work; in which case, if
they perform inadequately it could be detrimental to their position. Instead, the artisans prefer that their
superiors provide them with clear direction and avoid ambiguity when defining their instructions. A
democratic style where lower workers are involved in decision-making is rarely seen in the foreign
country. Furthermore, as a patriarchal society, the foreign artisans may be unaccustomed to following
female leadership. Consideration should be given for the artisans to adjust to the more gender neutral
style of the US. On this project, it is in the best interests of the management staff to use a commanding
and authoritarian style of leadership when directing the artisans.

The artisans may also have different expectations of the management staff, in regards to working hours
and dedication to the project. For instance, the artisans would expect higher staff members to arrive at
work before them and leave after them. It is important for the management staff on the project to follow
this idea in order to avoid low expectations from the workers they lead. If the perception is that
management is dedicating less time to the project than the workers, it could damage the morale of the
project and hurt worker productivity. Furthermore, increased knowledge and technical experience is
expected of management personnel. In the foreign country, higher ranking personnel are usually
promoted based upon their knowledge, rather than age or time spent with a company. Artisans will expect
the management team to be knowledgeable and capable in their positions.

Several different motivational techniques can be employed on the project to ensure workers maintain
their operation and remain productive. Numerous papers have cited that verbal recognition of an
individual’s effort and work are greatly appreciated. Periodically, the management team should make
every effort to recognize the work efforts of the foreign artisans as individuals, not just as a team.
Furthermore, inciting speeches have been noted as an effective means of inspiration. These can be used
to increase morale, motivate workers, and inspire higher productivity. Lastly, a clearly defined disciplinary
system serves as a strong motivator for the foreign artisans. This action ties into the artisan’s desire for
clear definition of work responsibilities and expectations. Explaining the disciplinary protocols serves as a
means of removing ambiguity and motivating the foreign workforce.
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On this Campus Project, the following endeavors and techniques will be used to manage and motivate the
foreign artisans. When providing instruction, direction, or general knowledge, the management team will
speak clearly and directly, avoiding ambiguity while acting as authoritarian leaders. To follow along these
lines, one superintendent will act as the primary contact between the management team and the foreign
artisans. That way the artisans will know who to direct their comments and questions towards.
Furthermore, management will be expected to arrive 30 minutes prior to the start of construction and
stay 30 minutes after construction has ceased. In this way, they will be present for the start and finish of
construction and the artisans can see that they are dedicated to the project.

To motivate the foreign artisans, the management team will develop a clear disciplinary system for the
project. It will define the consequences for various actions so that there is no confusion for the workforce.
These protocols will be explicitly defined to the project crews so they are aware. Furthermore,
management will individually recognize workers as possible in order to acknowledge their efforts and
boost their morale. All of these measures will be coordinated with the supervisory staff of the foreign
artisans.
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4.7 Recommendations

In order to effectively manage the workforce on site, the project team should implement a comprehensive
and effective Workforce Management Plan. The purpose of this plan is to identify delay causing issues
and give the project team the tools to address and solve these issues. It is recommended that the project
team gather information using observations, interviews, and questionnaires and then analyze this
information using Crew Balance Charts, Process Charts, and Labor Utilization Factors. With this data, the
project team can identify problems and can solve those using scheduling techniques such as Last Planner
and Pull Planning. Lastly, the project team should implement different techniques to manage and
motivate the foreign artisans, such as a clear disciplinary system or individual recognition.

4.8 MAE Requirements

To fulfill the requirements of the MAE Program, coursework from AE 570: Production Management was
utilized throughout this analysis. The data collection and analysis tools were discussed in this class in
detail, as well as, the scheduling techniques used to correct potential issues on site. This information was
invaluable in developing the Workforce Management Plan in this analysis. The knowledge gained in this
course helped to build the foundation that the plan was constructed upon.
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5.0 Analysis IV: Foreign Worker Safety Plan

5.1 Problem Statement

According to the contract, much of the interior and exterior finishing work must be completed by foreign
artisans. This is done to preserve the architectural and cultural integrity of the design and integrate the
culture into the construction process. The purpose of this is very understandable as the entire complex is
dedicated to cultural and communal growth and organization. However, it does present some challenges
and potential difficulties with the typical work practices of the foreign artisans. These artisans do not
necessarily follow the same codes, laws, and general procedures in their country that are followed in the
United States. Furthermore, it is a safety concern because the artisans may have little to no understanding
of English, and therefore will not understand typical warning and hazard scenarios and signs that are used
here. It is also a code concern because OSHA can fine the project if the foreign artisans are not following
construction laws. With both a linguistic and cultural barrier separating the foreign artisans from the
typical workforce, special action may be needed in order to ensure their safety on the jobsite.

5.2 Potential Solution

To address the risk of having an extensive foreign workforce on site, a specific foreign worker safety plan
will be developed for the project. This plan will anticipate the unique challenges that this workforce poses
to the project team and propose potential solutions to address them. The plan will focus upon safety and
how it can be improved despite language and cultural differences. Strategies developed within this plan
can be used to anticipate challenges on the site and improve the project’s ability to deal with them.

5.3 Analysis Process

Before developing a foreign worker safety plan, a comprehensive study of typical site safety issues and
foreign work preferences must be garnered. This data was found within journals, articles, and interviews
found both online and in hard copy. Compilation of this research is necessary to have a complete
understanding of the culture and the safety challenges it may present. Further research will also be
conducted into the common methods of presenting and enforcing safety on site, both in English speaking
and non-English speaking methods. These usual methods will be analyzed to determine if they could be
beneficially implemented on this Campus Project. Upon completed research, the foreign worker safety
plan will be developed for both general cases and the specific case on this site. The research collected will
form the foundation of the plan and justify the decisions therein.
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5.4 Background Research

On the project, Balfour Beatty required foreign artisans to participate in safety training before they were
allowed on site. This involved briefings with safety personnel, facilitated by an interpreter because of the
language barrier. This was necessary because the worker’s host country does not have the same rules and
regulations on construction that are placed here in the United States, specifically OSHA, which is an
American organization, one that is not found throughout the world. When the workers are here in the US,
they must follow all of OSHA’s regulations, potentially requiring some changes in their work behaviors, or
else the project could be fined. Furthermore, those regulations are in place to help workers operate in a
safe manner. It would be hazardous for the foreign artisans to operate in a way that does not comply with
OSHA standards.

Furthermore, foreign artisans do not have the same work practices that we have here. Shop drawings are
used extensively in the US for coordination and planning purposes. It is essential to communicate these
to the entire team so that other subcontractors can utilize them in their own design and planning.
However, in the foreign country, shop drawings are not used frequently or do not have the level of detail
that is typical here in the US. This is an actual issue on the project because information on the work
completed by foreign artisans is not readily available. Other subcontractors need this information in order
to plan their work accordingly. For example, the foreign artisans are to install lead sheet metal roofing on
several of the buildings. There is a lack of shop drawings and detailed information on how the sheets are
attached, the spacing between them, and other data that would be useful to the other subcontractors
working in that area.

There is also a cultural difference between the foreign country and the US that results in differences in
holidays, particularly due to the religion of the foreign country, Islam. The Islamic religion includes various
holidays that are not federally recognized within the US. However, some of these holidays are very strictly
practiced due to the devotion and belief of the Muslim community. These holidays need to be considered
within the schedule of the project, with a concern of safety for the foreign artisans. For example,
Ramadan, is a holiday that requires Muslims to fast for an entire month, eating and drinking only before
sunrise and after sunset. This is a very physically, emotionally, intellectually, and spiritually demanding
holiday. Its importance within the Islamic religion is profound, requiring all members of the faith to
participate, so consideration should be made for it within the project schedule. During this holiday, foreign
artisans will be more prone to injury and illness, particularly because it occurs during the summer. Safety
considerations need to be made so that the artisans are not placed in dangerous situations because they
will be physically weaker due to the challenge they are placing on their mind, spirit, and body.
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5.5 Typical Safety Issues on Site

The construction industry is naturally one of the most dangerous industries in the world. Hazardous
situations are created simply by the manner of work, the equipment used, and the risks that are present
on site. According to the OSHA records for 2012, there were 3,945 worker fatalities in private industry,
775 of which were in construction. Over half of these deaths are caused by only four types of accidents:
falls, being struck by an object, electrocution, or caught in between objects or machinery. Falls alone cause
the most fatalities, with 278 deaths due to falls in 2012, over a third of the total fatalities in construction.

More commonly, accidents result in non-fatal injury to workers. Total statistics for these accidents are not
typically kept across the industry, but they can number in tens or even hundreds of thousands per year.
Individual companies often track this data in order to analyze and improve the safety measures they
employ. It is every company’s goal to maximize safety and reduce accidents on site to zero. In pursuit of
this goal, a company typically will develop a safety program or initiative to be followed at the company or
project level. For example, Balfour Beatty US recently developed the Zero Harm program, which is
designed to inform their employees that safety is everyone’s responsibility and if everyone does their
part, eventually they can achieve zero accidents.

Reducing the number of accidents to zero requires prevention of unsafe scenarios, recognition of unsafe
conditions or activities on site, and resolution of these unsafe conditions into safe activities. Prevention
involves developing a thorough safety plan, conducting training sessions, establishing safety measures on
site, ensuring equipment is in sound condition, and using personal protective equipment. Prevention can
be very difficult because it is impossible to predict every eventuality. However, it is absolutely necessary
and is the best methodology for a company to protect their employees. Recognition of unsafe conditions
on site incorporates visual awareness and vigilant reporting by all personnel on the job site. All employees
should be encouraged to report unsafe conditions so that they can be resolved before becoming a major
hazard or causing an accident. In addition, safety personnel should walk the site frequently in order to
maintain a presence and to search for unsafe conditions. Once an unsafe condition or activity has been
noticed and reported, it needs to be resolved immediately. Depending on the scenario, this could involve
many different solutions. The important thing is to ensure that the solution resolves the issue as
permanently as possible so that it does not occur again.

In order to employ these three steps effectively, it is important to be aware of the typical issues that can
cause an accident on site. These can be categorized into eight causes:

e Lack of Proper Training

o Deficient Enforcement of Safety

e lack of Safety Equipment

e Unsafe Methods or Sequencing

e Unsafe Site Conditions

o Improper Use of Safety Equipment
e Poor Attitude Toward Safety

e [solated Freak Accident

To clarify the meaning of each of these, the table on the following page presents a definition and an
example scenario for each. Controlling these causes is not always possible, but an employer can effectively
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reduce the number of accidents by managing them as best as possible. This will require expertise in
construction activities, an understanding of safety methods and requirements, an evaluation of the work
and site conditions, an ability to interact with workers, and an ability to manage and control the work site.
Managerial personnel will typically have the most influence over these eight causes of accidents. They
have the supervisory power, due to their position, to command and organize the operations on site.
Nevertheless, it should be stressed that it is every worker’s responsibility to follow safety procedures and
ensure they have the understanding needed to complete their work safely. It is physically impossible for
a supervisor to be present for and monitor every single activity on site. There are simply too many
operations and too little time in the day. Therefore, workers should be encouraged and expected to take
safety into their own hands and enforce it across the site.

Table 9. Typical Causes of Accidents on Construction Sites

Definition Example Scenario

A worker is allowed to operate on
site without undergoing entrance
training.

An employee is not properly

Lack of Proper Trainin , ) .
P g trained in working procedures.

- Site personnel neglect to correct an A supervisor neglects to inform an
Deficient Enforcement P g P &

of Safet unsafe condition, typically employee that their fall restraint
y management. system is improperly used.
. . A supervisor does not provide the
Lack of Safety The proper safety equipment is not P . P
. . correct safety equipment to an
Equipment available for the employee to use.

employee.

The typical construction sequence | A carpenter is told to begin framing
is interrupted, making the task before excavations have been
more hazardous. backfilled.

Unsafe Methods or
Sequencing

o . A site is not kept clean — materials
. - The site itself is more hazardous .
Unsafe Site Conditions . and equipment are left scattered
than would be typical. around

An employee is given the proper

. . An employee does not attach their
Improper Use of Safety equipment but does not use it or ploy

fall protection equipment to the

Equipment does not know how to use it ) .
proper holding point.
correctly.
. An employee does not cooperate An employee does not follow safet
Poor Attitude Toward . ploy P ploy L y
with safety for one reason or procedures because they think it will
Safety .
another. slow their work.

An accident occurs randomly
Isolated Freak Accident through no foreseeable fault or
lapse of judgment.

Fall protection equipment fails
despite having passed inspection.
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The entity that has the most control over these eight causes may vary depending on the project, contract
method, site dynamic, and team involvement. Typically, a construction manager or general contractor will
have the most control due to their uppermost position as project leadership. Their direction across the
site can have a profound impact on the level of safety. Subcontractors also have a strong impact on the
safety of construction operations. Not only do their foremen and superintendents monitor and direct
work, subcontractor laborers are the employees completing the actual work. They need to be reminded
and encouraged to follow proper safety protocols and procedures because they are the ones closest to
where accidents can occur.

Owners can also have an effect on the level of safety on the site. Although they will not typically have
dealings with field laborers or subcontractors, they can impart a higher culture of safety upon the project
team. This can be included within contract requirements or simply stressed at project meetings. All
members should buy into and encourage safety in order to create a culture of safety across the site. A
strong site safety culture can vastly improve the quality and safety of a construction site.
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5.6 Foreign Worker Safety Plan

The following plan is not meant to be all inclusive of the safety protocols that should be enacted on a
typical construction site. It is purely focused upon the measures that can be taken to address challenges
related to foreign workers, who have either profound differences in working culture or poor English
speaking skills. These differences can create dangerous situations, putting workers at risk for injury. In
addition, it can make communication very difficult and can put the entire project site at risk of receiving
fines from OSHA or other regulatory agencies. The topics covered within this plan are as follows:

A. Training Foreign Workers

Interpreters and Translators

Teaching English

Worker-Management Communication Methods
Racism in the Workplace

Visual Safety Notification Techniques

mmo o

The plan is also done in a general sense so that it can apply to any project. Assumptions will be made as
needed to explain topics and promote ideas. Naturally, each project will have some unique cases that
should be analyzed and addressed by the project team. No situation will be identical and it is the project
team’s responsibility to anticipate these challenges, understand them and the foreign culture as best as
possible, and address them in an appropriate and successful method.

Through the completion of this plan, the reader will be able to successfully develop and implement
strategies to address foreign worker safety on their construction site. The methods presented in this plan
can be adjusted to specifically meet the needs of that site based upon the nationality and population of
foreign workers. The plan will introduce each topic separately, provide potential strategies to address
each topic, and explain the benefits that can be expected by implementing the strategies. A summary list
of recommendations concludes each section and can be quickly used to narrow down the strategies that
may be best suited for a specific site.
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A. Training Foreign Workers

The first interaction a worker has with the project is typically in some sort of training environment. Since
this is the first contact with the workers, it is very important that this process goes smoothly and
effectively. The training program needs to be clear, comprehensive, and in-depth. Clarity is absolutely
essential to delivering information effectively. Any confusion in detail will be amplified by the difference
in language. Furthermore, it is probably more advantageous to use a different program to train foreign
workers than to train other workers on site. More than likely, the program for foreign workers will include
more information and detail. It should also be structured differently and proceed at a slower pace so non-
English speakers can keep up.

The additional information will cover working practices in the US which may be vastly different from those
abroad. Simple operational procedures, such as use of fall protection devices, are commonplace in the US
construction industry. However, they may not be as well-known or regulated in other countries. These
differences not only create a dangerous, unsafe situation, but also put the site at risk for OSHA violations.
It may be necessary to review and teach many working procedures to foreign workers. If it is unknown
how familiar a worker is with US construction practices, a simple quiz or dialogue can be used to examine
how knowledgeable they are.

The length of the program will depend upon the amount of information that needs to be presented and
the work that the foreign workers are completing. The program could last anywhere from one day to over
a week. It is the project team’s judgment to determine how long the program should be. The length may
also vary based upon the position of the foreign workers. A laborer may receive the base level of training
that all foreign workers will go through, while an experienced worker may undergo the base training plus
additional training that will cover use of equipment and more complex work. Naturally, a supervisor will
receive even more in-depth training, due to their managerial and leadership responsibilities that require
them to understand all of the work.

The most valuable piece of information that can be garnered from a training session is the English speaking
capabilities of the workers. This is not always apparent through observation and may require verbal
guestions or casual conversation. It is important to keep this calm and relaxed so as not to insult or
humiliate the workers, which can damage their morale and hinder their work. Some foreign workers may
feel ashamed if they have poor English skills, despite the fact that it is not shameful. In training situations
they may remain mostly silent and nod when asked a question, rather than provide a verbal response.
Even if they do not understand what is being asked, they are smart enough to know when to nod.
Therefore, it is useful to make the training session more interactive in order to engage the workers. It is a
great, non-intrusive way of gauging their English skills and determining how much of the training they
understand.

With this basic understanding of the language capabilities of the workforce, the project team can
determine what further strategies to employ to make the site safer. If a majority of the workforce
understands English, then the team can know to focus their efforts on the non-English speakers.
Furthermore, if there are any workers that are particularly strong English speakers, they should be used
as a conduit for communication with the non-English speakers.
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Recommendations

o Develop English speaking training sessions and non-English speaking training sessions and
conduct them separately.

e Keep non-English speaking training sessions comprehensive and slow paced so that it covers
everything they need to know at a speed they can follow.

e Engage workers throughout the training session either through casual conversation or verbal
quizzes in order to gauge their English capabilities and understanding.

e Maintain a casual, informal atmosphere to keep workers at ease and avoid insulting or humiliating
them.

e Take note of workers who have strong English skills so that they can be used to assist with
communication.

e Use an interpreter to facilitate the training process. (Note: see next section for more detail.)
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B. Interpreters and Translators

A professional interpreter or translator can provide invaluable support to the project, but it is important
to note that there is a difference between their responsibilities. Interpretation is accomplished verbally,
while translation is done in writing. An interpreter will be supremely useful in training sessions and on-
site direction, while a translator will be beneficial with completing signs, documents, emails, and other
written communications. Often times, a single person can be hired to complete both interpretation and
translation, but in rare cases they may be separate positions.

In some instances, it may be possible to have the foreign workers complete interpretation and translation
duties, provided one of them has strong English skills. This is a particularly useful situation because the
worker also has a strong understanding of construction work, which a professional interpreter may lack.
However, it is key to remember that these are duties beyond what they are contracted for and that they
can be quickly overloaded if there is a significant amount of linguistics responsibilities. If there are no
workers with particularly strong English skills, then a professional interpreter and/or translator will be
required.

Some projects require an interpreter be provided for a certain amount of workers across the site, usually
4 or 5 workers per interpreter. This requirement becomes counterproductive as the foreign workforce
increases in size. It is also an unnecessary requirement if the foreign workforce is managed by their own
foremen or other supervisors. In those cases, an interpreter can be employed to provide language
assistance with the supervisor, who will then relay instructions to the workers.

Interpreters and translators can provide invaluable assistance to the project if their skills are utilized
effectively. If they are hired to assist the project, it must be remembered that they will likely have a limited
knowledge of construction. Processes and activities should be explained in simple terms in order to keep
the interpretation process easy and fluid. If necessary, the interpreter and translator can be placed
through a brief training program to familiarize them with the project and typical construction terminology
and scenarios. In extreme cases, the project team could spend time learning the foreign language so as to
better manage the foreign workforce. Due to the cost and time needed to learn a language, this would
only be recommended if the project has a particularly long duration or unusually large non-English
speaking workforce.

Recommendations

o Use the same interpreter who facilitated the training process for other interpretation positions
on site so the workers will be familiar with this person.

e Use atranslator to complete sign translation and other document translation as needed, if these
tasks are not completed by the interpreter.

o Utilize foreign workers with strong English skills to facilitate communication, but avoid
overloading them with work because of it.

e If the foreign workers are directed by their own supervisor(s), hire an interpreter(s) to facilitate
communication with the supervisor(s).
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If the foreign workers are directed by English speaking supervisors on the project, hire an
interpreter(s) to facilitate communication with the workers. Consider hiring one interpreter per 4
to 5 workers for a small workforce, and one interpreter per 8 to 10 workers for a large workforce.
Train professional interpreters and translators on the project and basic construction terminology,

if needed.

A Campus Project | Garrett Schwier | Page 69




C. Teaching English

A good method of increasing safety on-site is to provide English classes to foreign workers. By improving
their English capabilities, they will be able to interact with more workers on site and understand more
safety cues. If their English becomes strong enough this could remove the need for a professional
interpreter. A translator will continue to be needed for the multilingual signs, which should still be used.

The most difficult aspect of holding English teaching classes is motivating workers to attend them. After a
long day of laboring out in the cold or heat, the last thing a worker will want to do is spend additional time
in a class. Positive encouragement and marketing of the class will be needed to convince workers to
attend. The class should be promoted on site both verbally and written. It should also be located
somewhere that is convenient for workers to get to, preferably on site. If it requires a twenty to thirty
minute drive to get to the class location, worker attendance will drop dramatically. The classes will also
need to be provided free of charge. Very few workers will want to attend them if they are required to pay
a fee.

A potential way of motivating workers to attend is to provide an incentive for their attendance. This could
be recognition of achievement, pay bonuses, food vouchers, or some other reward. If there is a consistent
reason for workers to attend then they will be more likely to do so. Therefore, it is imperative to continue
promoting the classes throughout project duration. Once the classes are no longer promoted on site,
attendance will gradually dwindle away to zero.

Monitoring attendance and progress is key to knowing how each worker will continue to understand
English. Some workers may progress very quickly and become marginally fluent through completion of
the classes. Keeping these workers motivated to attend can motivate others to attend the classes because
they can provide assistance in the classroom. In addition, if they gain strong English skills they can be
utilized on site to facilitate communication.

Recommendations

e Provide English classes to workers if the majority has poor English skills.

e Publicize the classes frequently and provide both verbal and written encouragement in order to
gain the attention of workers.

e Conduct the classes on the project site or at a very close location so it is easily accessible.

e Provide the classes free of charge to the workers so they are not discouraged by having to pay a
fee.

e Motivate workers to attend classes by providing incentives or bonuses of some kind.

e Maintain worker interest by continuing to publicize the classes and by providing incentives.

e Track attendance and progress in order to retain a record of any workers that gain strong
English skills.
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D. Worker-Management Communication Methods

The development of a successful and effective communication medium between foreign workers and site
management is a crucial but difficult task. Obviously the workers and management will be able to speak
to one another through the interpreter, but there will naturally be some instances where a different form
of communication is more appropriate or is needed because the interpreter is unavailable. It is important
to build this medium quickly and to make it clear in the training process that this is available to the
workers.

One option to employ is a multiple language hazard reporting system. Most sites will have a way for
employees to anonymously report hazardous situations that they witness, such as a hazard card dropbox.
It is a great way for the management team to learn more about what is occurring on site, while also
bringing the workforce into the safety discussion. To utilize this on a site with non-English speakers, the
reporting cards can be posted in multiple languages. Then, all of the workforce, regardless of language,
will be able to complete the cards, and no one group will be discouraged from doing so. Sometimes
workers, especially foreign, will believe that they can be reprimanded or fired for reporting incidents. It is
important to make it clear to them that this is not so, and that reporting of hazards is actually encouraged.

In lieu of an interpreter on site, there are other ways of communication that can be employed. Developing
these should be done prior to their usage, probably during training, where they can be thoroughly
explained. For instance, a list of simple commands could be prepared to be used when necessary.
Obviously, these will not be able to communicate full ideas, but they can be applied in serious situations
or where sudden changes in work are necessary, such as emergency stoppages. Along those lines of
communication, hand signals are also another option. These would be similar to those signals used by
picking crews and crane operators. It is a simple form of communication that can be universally applied
across many languages. Any of these methods and many more can and should be used to present an
alternate avenue of communication between workers and management.

Recommendations

o Inform foreign workers of all communication methods that be used to directly or indirectly speak
with management personnel.

o Utilize a multilingual hazard reporting system to encourage the workforce, both English non-
English speaking, to report unsafe or hazardous conditions.

e Ensure foreign workers understand that hazard reporting will not endanger their position on the
project and is actually encouraged.

e Train all workers in simple verbal or hand commands to have a basic means of communication if
an interpreter is unable. At the least, these commands should involve safety scenarios and cues.
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E. Racism in the Workplace

One of the most morale damaging aspects of a multicultural workforce is racism. It is sad that racism still
exists today, but it is a challenge that is dealt with all too frequently. On construction sites with different
nationalities it can be quite prevalent. Often times it will not be outright in the open or verbal. Rather it
can be found in the dialogues that take place in bathroom stalls or other locations. It is important to
remove and repel this racism proactively so that it does not create a division between workers, which can
have detrimental effects on site relations and productivity.

The best way to remove racism is to attempt to prevent it from ever happening. This can be quite
challenging but can be accomplished with early efforts. During training sessions for all workers, foreign
and domestic, it should be stressed that racism will not be tolerated in any form. Furthermore, it should
be addressed that racism could result in a worker’s temporary or permanent removal from the job site.
Clearly stating the consequences of such demeaning actions is necessary to help discourage its practice.
Ideally, taking these steps would be unnecessary, but they should be followed just in case.

Another form of prevention is to promote interracial bonding between workers. This can be effectively
accomplished through bonding programs or scheduled activities outside of work. Some contractors found
success by scheduling sporting events outside of work that encouraged interaction between foreign and
American workers. Activities could also be social gatherings at clubs, restaurants, bars, or other
recreational locations. These activities will promote site unity and build camaraderie through a mutual
cultural understanding.

Recommendations

e Incorporate a zero-tolerance policy on racism into training sessions to inform workers that is not
allowed in the workplace.

e Establish and communicate disciplinary actions that will result if racism is discovered on site.

e Proactively review the site and its conditions for any racist graffiti or conduct.

e Schedule interracial bonding events, such as sports games or happy hours, which will promote
site unity and closeness.
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F. Visual Safety Notification Techniques

When language barriers are present on site, there are a number of other techniques that can be employed
to present visual safety information. These methods can be understood by anyone and do not require
good English skills. Four usable methods that will be described are site signage, colored hard-hats, two
card systems, and Talk-Sign. It is the project team’s discretion to select which methods to utilize, however,
signage and colored hard-hats are strongly recommended.

Safety culture should be augmented by thorough and appropriate signage across the site. This is typically
provided by the construction manager or general contractor and should be posted throughout the site as
applicable. Signage can come in many forms, but some typical are:

e Signs directing traffic or pedestrians

e Signs highlighting dangerous or hazardous areas

e Signs visualizing safety gear required on site

e Signs promoting safety culture or ranking safety performance on site

e Signs that report inspection and approval dates (used for scaffolding, ladders, etc.)

There are many other kinds of signage that can be used, many of which will be unique to the site. Signs
should always be posted in English or the dominant language on site. They should also be posted in the
second most prevalent language to accommodate non-English speakers. Some construction sites will have
situations where there are a higher number of non-English speakers on site who have few, if any, common
languages. For example, an international project could use English as the dominant language on site, and
have secondary languages of Spanish, German, Polish, and Romanian. Providing signage in all of these
languages is not feasible because it would create an overabundance of signage that would discourage
workers from actually reading it. In this situation, it is probably best to only provide signage in English,
unless one of the secondary languages is used by a portion of the workforce that is significantly larger
than the other languages. There are other ways to address multiple language situations like this, such as
Talk-Sign, which will be discussed later. Below, Figure 22, is an example of the more common situation of
providing signage in two languages: English and Polish.

|

WALK THIS WAY

o

Figure 22. Polish and English Signage
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Another simple method of communicating information is by using colored hard-hats to signify the
managerial position of employees on site. Different colors can be used to distinguish between
superintendents, foremen, field engineers, and laborers. The color choice is left up to the project team,
but typically yellow, orange, or blue signify lower ranking employees, while red, black, and white signify
upper ranking employees. This practice can be difficult to employ because most subcontractors and their
employees already have hard hats. It may require special effort by the construction manager or general
contractor to purchase the hard hats for the project and require the workers to utilize them. In any case,
this is an easy method of communicating to workers the ranking of people on site, so they would have a
better idea of who to approach with questions or concerns.

Additional information can also be posted on hard hats. For example, the flag of the country of the
worker’s origin, or, more usefully, the flag of the language that they are fluent can be posted on the hard
hat. If the worker is English speaking then a clear American flag should be posted. If the worker is non-
English speaking then an American flag crossed out by a black X should be posted. This technique will
easily communicate the language capabilities of workers. However, it is important to be careful that this
does not create too much clutter on the hard-hat if other types of symbols are communicated on the hat.

A two-card system is a way of communicating discipline universally across cultures. It utilizes a yellow card
and a red card, the two cards used in soccer. Since soccer is a sport played across the world, it is believed
that everyone would understand the meaning of the two cards. A yellow card is given to a worker as a
warning for following some sort of minor unsafe behavior or indiscretion. A red card is given for a major
violation and results in the workers immediate dismissal from the site. Through this system, the
disciplinary actions taken for unsafe or inappropriate actions on site are clearly defined and understood
by all workers. This is a beneficial strategy to employ because foreign workers often prefer a clearly
defined disciplinary system.

The fourth method, Talk-Sign, is a less commonly used
practice, but has potential benefits worth exploring. The
Talk-Sign is an automated device that allows a worker to
press a button and hear different safety regulations or Talking Site Safety!. _
messages in whatever language they choose. Talk-Sign lets A
the worker quickly and easily hear safety tips while out in the
field, without having to ask or have an interpreter. The
downside of this system is that the loud audio of the sign may -:‘f_u_-:-xg-ﬂ::
discourage workers from using it because they may be olEm ORER OmE O
embarrassed about having to use it. This was the case on one “
project site where the system was rarely touched.
Nevertheless, the system could prove particularly useful on
sites where many different languages are spoken. The image
below shows a Talk-Sign with six different language options,
providing great user flexibility.

eloct a language.

Figure 23. Talk-Sign
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It is up to the project team to discern what methods should be employed to visually communicate safety
for foreign workers on site. Other methods can also be utilized so long as they provide an easy means of
communication with workers, regardless of language capabilities. At a minimum, it is strongly
recommended that site signage in multiple languages and a colored hard-hat system be employed.

Recommendations

e Establish visual communication systems and explain these to workers so they are aware of their
presence on site.

e Provide site signage in English and in a secondary language as much as possible. Avoid creating
too much signage which that could clutter the site and discourage workers from reading the signs.

e |If there are multiple secondary languages on site, provide signage in only English so as not to
discriminate against other languages. Provide English classes, interpretation, Talk-Sign, or other
methods to create avenues of communication in the other languages.

e Develop a colored hard-hat system to signify the managerial position of workers on site. Explain
this system in detail to workers so they fully understand and know who to approach with site
issues.

e Utilize a two-card system, if desired, to easily represent a disciplinary system to the workforce.
This is worth employing for foreign workers who desire a clear set of site rules.

e Install a Talk-Sign on site if there are a high number of secondary languages. Carefully choose the
location of the Sign so the loud audio is not seen as intrusive to the site.
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5.7 Site Specific Recommendations

Not all of the presented methodologies and strategies are applicable to this Campus Project. Although
many of them can be very beneficial, the specifics and uniqueness of the project need to be taken into
consideration when selecting strategies to employ. Through this assessment, the following tactics will be
used on the project.

A. Training Foreign Artisans

A full training course will be developed to train the foreign artisans on safety procedures, safe equipment
use, and general construction practices. The artisans will need to use scaffolding and fall protection
devices for work well above grade so operational procedures on these measures will be reviewed. A
professional interpreter will be used to facilitate the training sessions and communicate with the artisans.
The interpreter will receive a brief introduction to the project and typical construction terminology so
they can better communicate with the artisans.

The training course will also be used as an opportunity to record the English capabilities of each artisan.
If there are any artisans with strong English skills, they will be recognized and used to assist with
communication in the field. The course will be held on site in Balfour Beatty’s operational trailer. It will be
held for a minimum of one week, but may be extended if it is necessary to communicate additional
information. Artisans will be paid for attending the training sessions.

B. Interpreters and Translators

As stated previously, a professional interpreter will be hired to facilitate the training sessions given to the
foreign artisans. In addition, one or two interpreters will be hired to assist with on-site communication.
The interpreters will enable communication with the foremen and supervisors of the foreign artisan
crews. If there artisans with strong English skills, they may be asked to assist with interpretation duties.
However, this will be avoided if at all possible so that the artisans can focus on the construction work they
are tasked to complete.

A translator will be hired to translate the signage that will be posted across the site. All signage must be
posted in both English and the foreign language. If an area is deemed to be congested with signage, it will
be considered on a case by case basis by the project team. Project leaders may allow changes to this
protocol in an effort to reduce sign congestion only. The translator will also be responsible for translating
contract documents, working drawings, standard safety material, and site protocol documents. These will
be disseminated to the foreign artisans as necessary. Periodically, the translator will be asked to translate
hazard reporting or comment cards that the artisans submit to management.
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C. Teaching English

English classes will be offered to foreign artisans during the first month that they are on site for
construction. They will be held twice a week in Balfour Beatty’s trailer immediately after the work day to
make them more convenient. The classes will be offered free of charge to workers, who will be provided
food and drink at each session. Attendance and progress will be tracked at each session so that the
workers who show the greatest progress can be awarded an incentive prize, such as a gift card to a local
restaurant. The classes will be publicized through announcements and posters on site. The foreign
superintendents will be asked to encourage their workers to attend the classes. If sufficient interest is
maintained at the classes at the end of the month, the project team may elect to extend these classes
further.

D. Worker-Management Communication Methods

A bilingual hazard reporting system will be used on site to allow workers to report situations that they felt
were hazardous in nature. Dropboxes will be available for these submissions at the trailers and at a remote
location close to the jobsite. The reporting cards will be available in both English and the foreign language
to accommodate all workers on site. Furthermore, an additional dropbox will be located at the trailers
that will allow workers to submit concerns or queries that are not safety related. These will also be
provided in English and in the foreign language and will be a method to allow workers to anonymously
submit any concerns or questions that they may have. During the training programs, workers will be
encouraged to enter the site trailers at any time with any questions. An open and welcoming site will be
promoted.

E. Racism in the Workplace

During the training programs for all workers, foreign and domestic, it will be stressed that racism will not
be tolerated on site. The site will be an equal opportunity locale that does not discriminate against anyone
regardless of their race, color, or beliefs. Workers will be encouraged to notify management if they witness
or are victim to any form of racism or discriminatory practice. They will also be required to sign a contract
stating that they will not engage in any acts that may be construed as racist or discriminatory. The
disciplinary actions that will be carried out if a worker is found guilty of racial or discriminatory acts are:

e 1% Offense — Immediate dismissal from the site for the day of incident. Mandatory session with
management to review conduct and reaffirm nondiscriminatory working practices.

e 2" Offense — Immediate dismissal from the site for the day of incident plus three work days.

e 3" Offense — Immediate dismissal from the site permanently.

If it is found that workers employed by the same subcontractor consistently have issues with this policy,
Balfour Beatty staff will meet with the superintendents of that subcontractor to discuss the situation. In
addition, if a worker is dismissed due to racial or discriminatory practice, the employer of that worker will
be held liable to complete their full workload, regardless of losing a member of their workforce.
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In an effort to prevent these situations from arising on site, several bonding events will be scheduled to
increase domestic worker and foreign artisan interaction. A minimum of two happy hours will be
scheduled outside of work hours to promote bonding in a casual environment. A cultural sharing day will
be organized to introduce American workers to the culture of the foreign artisans. The goal is to further
their understanding of the work they are completing and how it is culturally important to the artisans.

F. Visual Safety Notification Techniques

As stated previously, all signage on site will be provided in both English and the foreign language. In
addition, a colored hart-hat system will be utilized to show management seniority on site. The colors of
the hats will correspond in the following way:

e Balfour Beatty Personnel — White

e Project Managers — Black

e Superintendents and Foremen — Red

e General Workers — Blue, Orange, Yellow

General workers will utilize blue, orange, and yellow hard-hats but will be separated by subcontractor, so
an entire subcontractor workforce has the same color. This color system will help distinguish seniority on
site so that workers will know who they can approach with concerns. Furthermore, Balfour Beatty’s safety
manager will wear a white hard-hat with red stripes to further distinguish their presence.

A touch screen safety notification system will also be employed adjacent to the hazard reporting dropbox
located at the site. This screen will allow workers to interactively learn about the specific safety concerns
for each day. This information will be offered in English and the foreign language, will be updated daily,
and will include tips on how to remain safe throughout the day’s activities. This screen will be a benefit to
both workers and management personnel who can learn more about the task being completed each day.
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5.8 Politics and the Media

An additional consideration that often needs to be made on projects with foreign workers is the
perception of the project to the public and the media. The public can often misunderstand the situations
or requirements on a project. For example, if a large number of foreign workers are brought in to work
on the project, the public may react negatively because they believe the project should hire Americans.
Even if the project has specific requirements for foreign workers, the public or media may not know this
and could view the hiring of foreign workers as discriminatory.

Clark Construction faced this issue during construction of the Smithsonian’s National Museum of African
American History and Culture. The project required that a percentage of the workers be of African
American descent and a percentage of the contractors hired to the project be owned by African
Americans. Clark held open forums to meet contractors and had an open hiring booth on site for anyone
to submit applications. Through these techniques they were able to meet and exceed the percentages
expected for the project. However, the public for some reason or another thought that Clark was not
hiring enough local workers and picketed the project site. Clark received negative media attention and
eventually had to meet with political officials to resolve the issue.

The situation was ultimately settled once Clark provided documentation to prove they were meeting the
project expectations and hiring local workers. However, the situation did become tense because of the
media attention and public perception of the project. Clark did nothing wrong on the project, but the
media and public misunderstand what was occurring on the project.

It isn’t possible to predict how the public or media will perceive the project, but it is possible to develop
a reactionary plan of action. Media situations need to be handled very carefully and by a person with
public relations experience. Immediate and careful action should be taken to ensure that the situation
does not get out of hand. Negative press can have costly effects on both the project and the company
image, even if the press isn’t true.

5.9 Recommendation

It is recommended to implement the Site Specific Recommendations for foreign artisan safety on the
project. These measures can be used to improve dynamics on the site, facilitate communication
between management and the foreign workers, and improve the safety culture developed on site.
Furthermore, consideration for the way the media or public will perceive the project should be made.
Due to the high number of foreign workers that will be brought on site, they may see this as
discriminatory hiring practices, although it is a requirement on the project.
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6.0 Breadth 2: Rainwater Reuse System

6.1 Problem Statement

The landscape of this Campus Project site features an extensive amount of plantings that require irrigation
and water to function. The majority of the site is covered in grass, trees, or other shrubbery for aesthetic
appeal. There is also an Islamic garden between the Mosque and the Turkish Bath that will require specific
water application. Lastly, there are two fountains that will require water control: one between the
Fellowship Hall and the Mosque and the other in the Mosque courtyard. These water requirements will
increase the water usage of the completed project and increase the cost expended on utilities.

6.2 Potential Solution

A rainwater and irrigation system could be installed to store rainwater and distribute it across the site for
the purposes of irrigation. This system could decrease the utility cost of bringing water to the site to use
for irrigation. Furthermore, since the system will use the stormwater already collected on site, it could
eliminate the fee for directing stormwater to the utility service. The water will be used on site and will not
need to be added to the utility stormwater system.

6.3 Analysis Process

The current stormwater management system installed on site will be researched and analyzed based upon
the project drawings and specifications. This information will be used to assess the viability of
implementing a rainwater reuse system and also to determine how this system could integrate with the
stormwater management system. Then, the rainwater system will be sized appropriately to meet the
demands of the project and the availability of collected precipitation.
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6.4 Background Research

The total size of the project site is about 337,000 square feet. Of this, approximately 57,000 square feet
comprises building footprint and 86,000 square feet comprises hardscaping, such as pavement and
sidewalk. This leaves approximately 194,000 square feet of landscape, primarily grass. This landscape will
require irrigation and other watering techniques in order to thrive and grow.

Technically, not all of the 194,000 square feet is fully permeable. Because of the underground Parking
Garage which has a footprint of 248,000 square feet, only 89,000 square feet is fully permeable. The rest
of the area is topsoil on top of the Parking Garage, which has a non-permeable, concrete elevated deck.
However, the elevated deck of the garage is sloped and covered with a rubberized asphalt water
membrane in order to drain water to the edges of the elevated deck. It is collected by a network of
perforated PVC pipe set in stone beds, which carry the water to one of three underground stormwater
management facilities. The facilities are located at the west, east, and north ends of the site as shown in
Figure 22. The facilities distribute the water into the utility stormwater lines in a controlled way.

CONVENT /
MON‘\S_T ERY'

CULTURAL
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Figure 22. Underground Stormwater Management Facilities
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The geographic location of the project receives approximately 42.30 inches of precipitation per year. The
topsoil used on site is a mix of sand, clay, and silt, and has moderate draining capabilities. The climate of
the area experiences an annual average temperature of 54.9°F and an annual average humidity of 73.14%.
Using this information, the EPA’s National Stormwater Calculator was used to analyze the rainfall and
runoff that the site may annually experience. It can be expected that 70 days each year will have enough
rainfall to be retained by a stormwater system. Varying upon the precipitation level, the site could retain
up to 3 inches during a single period, but it is more typical to receive 0.5 to 1.5 inches.

6.5 Rainwater Reuse System and Requirements

Rainwater reuse systems are relatively simple in design. First, the water is collected through various
methods, then is filtered and purified for storage, and finally is pumped to the irrigation system. The
filtering and purifying systems needed are dependent on what the water will be used for. On this Campus
Project, the water will be used for non-food crop irrigation and for the landscape fountains. As a minimum,
the EPA recommends sedimentation as the primary treatment and biological, oxidation, and disinfection
as the secondary treatment.

State regulations were also examined to determine if there were further requirements that needed to be
met. Within this code, the water use was considered a slow-rate system, or a system where the water is
used for irrigation with the consideration that it will eventually reach the ground water table. The
recommended state treatment options were a 5 day biochemical treatment and a suspended solids
removal process. The state code recommended considering additional processes depending upon the site
specific case. Some other requirements that need to be considered are the depth and type of soil and
other buffers around the site. These requirements are met by the designed conditions of the site,
particularly since the majority of any water that is runoff from irrigation will be recirculated into the rain
water system.
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6.6 Benefits of a Rainwater System

The obvious benefit of using a rainwater system is to the environment through conservation of water.
Naturally occurring rainwater is used to irrigate the site rather than use utility fed water. Furthermore,
the continuous flow of irrigation will be better for the landscape’s growth and health. The water used for
irrigation will contain more nutrients and minerals than utility water because it will pass through the
ground taking these minerals with it as it flows. A rainwater system also diminishes the demand on the
utility stormwater system because the water is now used on site.

Cost benefits can be found from implementing this system in two ways. One, the water utility bill will be
lowered because utility water that would be used to irrigate the site and fill the fountains will now be
replaced by rainwater. Two, tax refunds and environmental refunds can be achieved for implementing
stormwater control systems. The state tax that would normally apply to the site for using the utility
stormwater system can be reduced or eliminated because the stormwater will be managed inclusively on
site. The county government website for the site location states that the site “can get up to a 100% credit
for doing remediation projects on their own property.” In other words, the tax reduction or credit is
directly related to the reduction in stormwater utility service provided to the site. If the rainwater system
employed successfully utilizes all of the stormwater for on-site purposes, then the utility stormwater
service will not be needed and the tax should be reduced to zero.

An on-site water reuse system such as this is also a great conversation piece. The owner of the project can
be proud of their environmental achievements and talk about this system to visitors of this Campus
Project. The landscaping on the project is an aesthetically beautiful part of the site, and maintaining it in
an environmentally friendly way is a great sustainable accomplishment.
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6.7 Designing the System

Since a robust stormwater management and collection system is already designed for the site, simply the
storage and distribution services to the irrigation system will be designed. The storage tanks and pumps
will be placed within the underground stormwater management facilities as necessary.

First, it is necessary to calculate the volume of water that will pass through the stormwater facilities during
a typical period of rainfall. Based upon a typical rainfall of 0.5 to 1.5 inches of precipitation during a single
period, the stormwater facilities could receive approximately 315,000 gallons of water in total, or 105,000
gallons each. This value was validated by calculating the minimum pipe diameter required for this volume
of water. By using an online calculator developed by Washington State University, the minimum pipe
diameter required is 2.5”. This size is within the actual size of the perforated PVC pipes used to process
site stormwater which have a diameter of 4”.

Next, the volume of water needed for site irrigation should be calculated. This was found by using a
calculation provided by Jess Stryker of Irrigation Tutorials. The calculation is based upon climate data for
the area and site specific data. Equation 11 is used to complete this calculation. Eto is the water needed
for irrigation based upon historic data for the area. PF is the plant factor, which is based upon the type of
plants used on site and their need for water. A value of 0.85 will be used because a mix of grass, shrubs,
and tress are used on site, with varying levels of water requirement. SF is the square feet of area that
requires irrigation; this value is 194,000 square feet as discussed previously. IE is the irrigation efficiency,
which will have a value of 0.8 because water used for irrigation will be collected and reentered into the
system.

Eto X PF X SF x 0.62
Gallons of Water per Day = T 11

0.4 x 0.85 x 194,000 x 0.62
0.8

Gallons of Water per Day =

Gallons of Water per Day = 51,000 gallons per day

The storage tanks placed in the stormwater facilities can now be sized based upon the gathered
information. Each facility will experience approximately 105,000 gallons of stormwater per rain period
and will use 17,000 gallons per day for irrigation, for a total of 51,000 gallons per day. The tank will need
to be large enough to hold at least 105,000 gallons, preferably more in case there is a significant amount
of precipitation. The largest capacity option would be an above ground prestressed concrete storage tank.
However, these are exceedingly expensive and have a very large profile. The second largest capacity would
be an above ground steel storage tank, but these have a large profile. Underground options exist but have
a smaller capacity and several would be needed on site to have the necessary storage capacity. The
cheapest option would be a fabric pillow storage tank, but these take up a large area of space. The figures
below show pictures of these different options.
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Figure 26. Prestressed Concrete Tank Figure 27. Fabric Pillow Tank

Two options will be selected to give the owner the option to choose the one that is most appealing. Option
1is three above ground steel storage tanks, each with a capacity of 200,000 gallons. Each facility will have
one storage tank that will be placed as far from the buildings as possible and will be concealed with foliage,
if at all possible, to minimize the architectural intrusion of the tanks. Each tank will measure 32°10” in
diameter and 41’8” in height. Option 2 is twelve underground steel storage tanks, each with a capacity of
50,000 gallons. Placed underground, these tanks will be unobtrusive to the site but they will require
additional cost for excavation, and extensive space, as each measure 12’6” in diameter and 54’6” in length.

Through these options a total of 600,000 gallons of water can then be stored within all three stormwater
facilities. This is approximately equal to 2.85” of rainfall across the site. According to historical data,
monthly rainfall for the site area ranges from 2.8 to 4.4 inches. These storage tanks should be of adequate
size because it is unlikely that there will be period of severe rain that will total more than 2.85”.

The next step in the process requires sizing the pump that will direct water from the storage tank to the
irrigation system. Prior to sizing the pump the following items must be known or assumed: pump type,
irrigation method, foot head or water pressure, and gallons per minute (GPM).

The main types of pumps are displacement and centrifugal. Displacement pumps operate by forcing water
to move through displacement. They are not typically used for irrigation, and were not researched further.
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Centrifugal pumps come in different forms, but generally operate by using an impeller to rapidly spin the
water through the pump using centrifugal force. An end-suction centrifugal pump was selected because
it is commonly used for irrigation, can withstand high water pressure, and can deliver sufficient GPM.

The most common methods of irrigation are by drip or sprinkler. Drip irrigation is the most effective
method because the highest percentage of water reaches the plants as possible, but it is more commonly
used for food producing crops and is not appropriate for the site. Sprinkler irrigation comes in two forms:
spray type and rotor type. Spray type sprinklers are stationary and deliver water in a steady fan shape.
Rotor type sprinklers deliver streams of water as the head rotates. Since the stream produced by rotor
types can cover larger areas, it is assumed that they will be employed on the site. Based upon information
from Irrigation Tutorials, this means that a minimum of 104 feet head or 45 PSl is needed to use rotor
type sprinklers.

Furthermore, the height that the water must be pumped vertically and the dynamic water height need to
be considered. The dynamic water height is the typical distance from the water level to the top of the tank
while the pump is running. To oversize the system, the height will assume that the storage tank is near
empty when the pump is running. If Option 1 is selected, then the vertical height that the water must be
pumped will be zero and the dynamic water height will be assumed to be 33’, where 33’ is measured to
the eaves and does not include the roof. By adding the values for rotor type sprinklers, this totals 137 feet
head or 60 psi. If Option 2 is selected, it can be assumed that the water must be pumped 10 feet vertically
from the bottom of the facility to the ground level. This value is assumed because there is not detailed
information on the dimensions of the underground stormwater facilities. The dynamic water height will
be assumed to be 12°6”. This yields a total foot head of 126.5 feet or 55 psi.

The rate that water must be sent to the sprinklers can be generally estimated. For every acre of grass on
site, 20 GPM of water are needed. The irrigated area on site is 198,000 square feet, or 4.55 acres. This
means approximately 91 GPM is needed within the system.

Now that all of the information has been gathered, the pump can be sized using the pump curve shown
in Figure 28. To use this chart, the line begins from the Head-Ft or y-axis and proceeds right until it
intersects the line corresponding to the required GPM. Then, the line proceeds directly upward to the
intersecting Diameter and HP line. Option 1 and Option 2 have been graphically demonstrated in blue and
red, respectively. According to the chart, both options will require a 5 HP pump with a 6” diameter
impeller.
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Figure 28. Centrifugal Pump Curve
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6.8 Cost Benefits

As stated previously, the cost benefits that can be achieved from a rainwater reuse system come from a
decreased water utility bill and as tax refunds and exemptions. An analysis was conducted to determine
what the cost to the project would be if this system was not implemented, based upon the utility charges
and meteorological data of the area. If the rainwater system was not used to irrigate the site, it can be
assumed that the water utility service would be used to provide site irrigation. This would mean that the
project would use 51,000 gallons of water per day from utility service to irrigate the site. At a charge of
$6.76 per 1,000 gallons, that is a total of $345 per day. Assuming that irrigation would be conducted from
spring to fall, it can be assumed that watering would occur 180 days per year. Taking away the days that
it rains and irrigation is not needed, this leaves approximately 145 days. At $345 per day, this is a total
water utility bill of $50,000 per year for irrigation, which would be alleviated by the rainwater reuse
system.

Furthermore, there would be a significant stormwater utility bill if the rainwater reuse system was not
implemented. With 42.3” of precipitation falling upon the site each year, this adds up to a total of
8,826,000 gallons of water per year. If this is collected by the stormwater facilities and directed into the
utility stormwater service, then the site would be charged for this action. At a rate of $10.29 per 1,000
gallons, this is a total of about $90,000 per year. In addition, the site can receive rebates or tax
reimbursements for managing the stormwater on site. At the minimum, the site will earn a $2,000 rebate
each year for collecting the stormwater. Further environmental steps can be implemented to earn up to
$20,000 in rebates but would require additional expenditure.

By implementing a rainwater reuse system, the site will receive a total of $142,000 per year in cost
reductions. This is a substantial cost savings and is needed to calculate the payback period of the system.
According to RS Means, above ground 200,000 gallon steel tanks will cost $295,900 each. The
underground 50,000 gallon steel tanks will cost about $180,000 each. Also from RS Means, a rainwater
grit removal filter will cost $42,780 each and a biological treatment system will cost approximately
$50,000 each. Lastly, based upon online research, a 5 HP pump will cost between $2,500 and $3,000. With
these values, Option 1 will have a total cost of $896,700 and Option 2 will have a total cost of $2,169,000,
as summarized in Table 11.

Table 11. Cost of Rainwater Reuse Systems

Option 1 Option 2
Item Individual Cost | # Cost # Cost

200,000 Gallon Tank $295,900 3 $887,700 - -
50,000 Gallon Tank $180,000 - - 12 $2,160,000
Grit Removal Filter $42,780 1 $42,780 1 $42,780
Biological Treatment System $50,000 1 $50,000 1 $50,000
5 HP Pump $3,000 3 $9,000 3 $9,000
Total $989,480 $2,261,780
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With a payback of $142,000 per day, the systems will be paid back in 7.0 years for Option 1 and 15.9
years for Option 2.

6.9 Recommendations

Based upon the cost of the systems and the payback periods, Option 2 is not recommended. The payback
period is too long to be a viable option for the high upfront cost. On the other hand, Option 1 remains a
viable option because of the significantly lower cost and the relatively short payback period. So long as
the owner is accepting of the large profile of the storage tanks, it is a viable system to utilize.
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7.0 Final Recommendations

Throughout the 2013/2014 academic year, this Campus Project was initiated in an effort to identify areas
that could benefit from an alternative solution, primarily in construction. Through interviews and
independent research, four major items were chosen for additional analysis. The purpose of this thesis
and the analyses inside were completed for educational purposes only, and are not meant to reflect poorly
on the project team in any way. The recommendations given were not implemented on the project but
are given as options that could have potentially benefited the project.

Analysis I: Structural Redesign

The first analysis sought to take advantage of the high prevalence of cast-in-place (CIP) concrete structures
on site. Of the five buildings, only two were built with a predominantly steel structure. These buildings,
the Fellowship Hall and Convent/Monastery, were redesigned with a CIP concrete structure to take
advantage of worker affinity to CIP concrete. For the Fellowship Hall, the cost and schedule were both
increased by $2,005 and 80 days respectively. Similarly, the statistics for the Convent/Monastery
increased by $252,129 and 945 days, respectively. Because of these implications and negative impacts to
the architecture, it is not recommended to alter the structure of the Convent/Monastery, but it is
recommended to explore a CIP concrete structure for the Fellowship Hall. If the effects to the schedule
can be minimized then redesigning the structure may be beneficial to the project.

Analysis Il: Restructure of Concrete Bid Package

Further research was conducted into the size and scope of the concrete bid package for the project. CIP
concrete was the most used structural element of the project, constituting a significant portion of the
total project cost. Furthermore, a number of complex shapes and designs make up the forms of
construction, primarily on the Mosque and Turkish Bath. This analysis sought to divide the concrete scope
into smaller bid packages that could be awarded to multiple subcontractors, lightening the pressure and
allowing them to focus their construction efforts. The result selected a two bid package division with
Division 1 including the Parking Garage, Mosque, and Fellowship Hall and Division 2 including the Turkish
Bath, Cultural Center, and Convent/Monastery. Contractors A and B were selected to take these divisions
as they had scored the highest scores and were most capable of completing the work. The structural
integrity of the buildings should not be threatened by these packages. However, the contract will need to
include additional language to ensure that the contractors collaborate and share detailed information
about their designs and work.
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Analysis Ill: Workforce Management Plan

As a multi-building project, construction presents a unique opportunity to employ a larger workforce and
higher productivity over different work spaces. Construction operations can occur in several different
locations, particularly coordinated by building. On the other hand, the larger site does pose additional
challenges in terms of tracking and managing the workforce. A Workforce Management Plan was
developed to give the project team tools to track, analyze, and manage site work. Two superintendents
were recommended to manage field operations, while a third superintendent managed the overall site.
Manual observation and data recovery was recommended as the means of gathering information, which
would then be analyzed using Crew Balance Charts, Process Charts, and Labor Utilization Factors. These
techniques will be used to recognize delay causing issues in construction, which will then be solved using
Last Planner and Pull Planning. These methods should lead the project team to ensuring higher
productivity and continuous construction operations. Furthermore, specific techniques are provided on
how to better manage the foreign artisans, who have some unique work practices and beliefs.

Analysis IV: Foreign Worker Safety Plan

As part of the cultural design aspects of the project, a significant number of foreign artisans will be brought
to the project from their home country in order to construct many of the architectural finishes. Due to
differences in culture, language, and work practice, this creates a safety risk for the workers on site. With
a potentially limited knowledge of English and US construction regulations, the foreign workers could
inadvertently place themselves, and others, in dangerous situations. A Foreign Worker Safety Plan was
developed with general and site specific recommendations within six critical categories of safety. This plan
can be used by the project team to learn about safety issues and different ways to address them. For the
project, it was recommended to conduct a full training course, hire on-site interpreters, provide English
classes, develop a bilingual reporting system, promote an anti-racist construction site, and use colored
hard hats to signify managerial positions.
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Appendix A-1: Project Schedule

Note: This Link will return the user to the previous section.
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ID Task Name

22 Turkish Bath

23 TB - Excavation

24 TB - Foundations

25 TB - Superstructure

26 TB - Enclosure

27 TB - Finishes

28 TB - Commissioning

29 TB - Punch List

Duration |Start Finish

384 days Wed 12/5/12 Mon 5/26/14
51 days Wed 12/5/12 Wed 2/13/13
113 days Mon 2/18/13 Wed 7/24/13
46 days Wed 7/3/13 Wed 9/4/13
104 days Thu9/5/13 Tue 1/28/14
75 days Fri1/10/14 Thu 4/24/14
30days Wed2/5/14 Tue 3/18/14
15 days Tue5/6/14 Mon 5/26/14

298 days Thu 2/14/13

2013

2014

2015

May\ Jun \ Jul \ Aug \ Sep \ Oct \ Nov\ Dec

Jan \ Feb \ Mar \ Apr \ May\ Jun \ Jul \ Aug \ Sep \ Oct \ Nov\ Dec

Jan \ Feb \ Mar\ Apr \ May\ Jun \ Jul \ Aug \ Sep \ Oct \ Nov\ Dec

Jan

\Feb\

P==—============9 Preconstruction
@ Develop Permit Documents

¢ Bid Day for Phase 2

¢ Notice to Proceed

R EEE—S—S—hi————— S1te Work
@& Drill Geothermal Wells

@ Install Well Circuits
@ Construct Storm System

e ———————————————————) P 3 king Garage
@ PG - Excavation
@i PG - Foundations

G PG - Elevated Deck
@ PG - Install MEP Lines

@ PG - Waterproof and Backfill

@ PG - Parking Spot Work
@ PG -Punch List

@ Turkish Bath

... TB-Excavation

TB - Foundations

............ TB-Superstructure

TB - Enclosure

TB - Finishes
... TB-Commissioning
... TB-Punch List

e —— iz Fellowship Hall

FH - Superstructure
[ | FH - Enclosure

[

| FH - Finishes

FH - Commissioning
... FH-Punch List

e ——my V05 ( UE

s M - superstructure

e ———— M - Enclosure

= M - Finishes

@i M-Commissioning
@2 M -Punch List

—-—sssssssssssss————————————======y Convent Monastery

Cultural Center, Northeast US
Project Overview
Technical Report 2

Task SN Project Summary P Inactive Milestone @ Manual Summary Rollup e Deadline ¥

Split s External Tasks S Inactive Summary U1 Manual Summary P9 Progress ———
Milestone L 2 External Milestone L 4 Manual Task EEa]  Start-only C

Summary P |nactive Task ("] Duration-only ~+........... Finish-only |
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ID Task Name Duration |Start Finish 2013 2014 2015
May‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov‘ Dec | Jan ‘ Feb ‘ Mar ‘ Apr ‘ May‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov‘ Dec | Jan ‘ Feb ‘ Mar‘ Apr ‘ May‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov‘ Dec | Jan ‘ Feb ‘
46 avatio 0 da 4 ed @8 CM - Excavation
47 oundatio ed 3/6 @ CM - Foundations
48 P = =@ &= CM - Superstructure
49 osure 9/6 e CM - Enclosure
50 e on 1/6/1 eEmssss————— CM - Finishes
51 p on 4/7/14 @ CM - Punch List
52
53 O ——————————————————————— Cultural Center
55 @8 CC- Excavation
56 @ === CC- Foundations
57 @ CC - Superstructure
58 G CC - Enclosure
59 emmmmmmmmm——— CC-Finishes
60 @ CC-Punch List
61
62 0 b abo ed /14 e e—“———====) \\ork by Turkish Labor
63 TB - Install Metal Roofing 32 days Thu10/31/13 Fri 12/13/13 TB - Install Metal Roofing
64 TB - Install Exterior Finishes 30days Mon 12/16/13Fri 1/24/14 TB - Install Exterior Finishes
65 TB - Interior Finishes 75 days Fri1/10/14 Thu 4/24/14 TB - Interior Finishes
66 FH - Install Roofing 43 days Wed 7/10/13 Fri9/6/13 FH - Install Roofing
67 FH - Install Windows 21 days Wed8/7/13 Wed 9/4/13 w..nn FH-Install Windows
68 FH - Exterior Finishes 50 days Mon9/9/13 Fri11/15/13 FH - Exterior Finishes
69 FH - Interior Finishes 89days Thu11/14/13 Tue 3/18/14 FH - Interior Finishes
70 { j M - Courtyard Windows
71 @ M - Main Dome
72 @ M -Spire Roof
73 [ j M - Auxiliary Domes
74 { | M - Limestone Minaret North
75 . M - Limestone Minaret South
76 { j M - Install Limestone Cladding
77 @@= CC- Install Stone Cladding
78 @3 CC- Ornamental Marble
79 @ CC - Ornamental Fountain
80
81 |Hardscape/Landscape 353 days Tue 5/14/13 Thu9/18/14 ¢ @ Hardscape/Landscape
82 Site Electrical Work 11 days Tue5/14/13 Tue 5/28/13 Site Electrical Work
83 Site Electrical Work 20days Fri9/27/13 Thu 10/24/13 Site Electrical Work
84 Install Walkway Pavers 20 days Tue5/27/14 Mon 6/23/14 Install Walkway Pavers
85 Landscaping 20days Thu7/10/14 Wed 8/6/14 Landscaping
86 Final Hardscape/Landscape 41 days Thu7/24/14 Thu9/18/14 Final Hardscape/Landscape
87
88 |Project Complete Odays Thu9/18/14 Thu9/18/14 & Project Complete
Task SN Project Summary P Inactive Milestone @ Manual Summary Rollup e Deadline ¥
Cultural Center, Northeast US Split anoonoeann External Tasks Bl Inactive Summary U1 Manual Summary P9 Progress 1}
Project Overview
Technical Report 2 Milestone A4 External Milestone L 4 Manual Task B Start-only C
Summary P9 Inactive Task L] Duration-only Finish-only |

Page 2




Appendix A-2: Turkish Bath Detailed Schedule

Note: This Link will return the user to the previous section.
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Cultural Center - Turkish Bath

Classic Schedule Layout

16-Oct-13 02:17

Activity ID

' Activity Name

' Original

Duration

19-Sep-12 | 18-Sep-14

['Start

[Finish

2013

2014

2015

| Q4

Q1 Q2 Q3 Q4

Q1

Q2

Q3 Q4

Q1

W

#1

8-Sep-14, Cultural Center - Turkish Bat

| & A1000  NotcetoProceed 0 19-Sep-12 * Notioe to Prooejed, 19- 3ep-12§ | | | | | | | | | | | | | | | | | |
5, Second Basement Level 359 05-Dec-12  30-Apr-14 | | e e ———————— (- \Dr-14, Second Basement Level
&= A1010 Excavation - First Cut 10 05-Dec-12 | 18-Dec-12 ] E.xcavation - Firjst Cut | | | | | | | | | | | | | | | | |
& A1020 Install Dewatering Wells 11 19-Dec-12  04-Jan-13 | BB Instdll Dewatering Wells |
= A1030 Install Piles 10 10-Jan-13 | 23-Jan-13 | 1 T | ”lh’s’téirri.iéé ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’
= A1040 F/R/P Wall Footings East 7 11-Mar-13 | 19-Mar-13 | F/R/P WaII Footlngs East
= A1050 F/R/P Col Footings - Pool South 5 20-Mar-13 | 26-Mar-13 m ! F/R/P 1Co| Footlngs - 1Pool South
= A1060 F/R/P Wall Footings West 7 20-Mar-13 | 28-Mar-13 B F/R/P'Wall Footings \West
= A1070 F/R/P Walls East - 1t Lift 10 20-Mar-13 | 02-Apr-13 1 F/R/P Walls East - st Lift |
= A1080 F/R/P Col Footings - Pool East 7 27-Mar-13 04-Apr-13 | | i"#}F’{/ﬁ’c’dr#b’c{tiﬁgé"r’?’c{c;l’léé’s’t ””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””
&= A1090 F/R/P Col Pool South 3 | 27-Mar-13 | 29-Mar-13 if F/R/P Col Pool South
= A1100 F/R/P Walls West - 1st 10 29-Mar-13 | 11-Apr-13 I:I F/R/P Walls Wesr - st
= A1110 F/R/P SOG East 3 03-Apr-13 | 05-Apr-13 ' F/R/P SOG East
& A1120 F/RIP Col Footings - Pool N 5  05-Apr-13 | 11-Apr-13 'O F/RIP Col Footings - Pool N
= A1130 F/R/P Pool Footings 5 05Apr-13 M-Apr-13 | 1 | 1o ‘B F/RIPPool Footings | 1 L[
&= A1140 F/R/P Col Pool East 3 05-Apr-13  09-Apr-13 ‘0 F/RIP Col Pool Edst
= A1150 F/R/P Pool Walls 5  12-Apr-13  18-Apr-13 . B F/R/P Pool Walls
= A1160 F/R/P Col Pool 3 12-Apr-13 | 16-Apr-13 0 F/R/P Col Pool :
= A1170 F/RIP SOG West 4 19-Apr-13 | 24-Apr-13 B F/R/P SOG West
&= A1180 F/R/P Elevated Deck West 5 | 25-Apr-13 | 01-May-13 """""’""""’""""’""""’""""’""i"F’/ré/’r&’élé’va’téaﬁéék’\i\iéét’ ”””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””
= A1190 F/R/P Walls East - 2nd Lift 10 | 02-May-13 | 15-May-13 - F/R/P Walls East 2nd L|ft
@ A1200 Erect Stair 30 28-Aug-13 | 09-Oct-13 _ Erect Stalr !
= A1210 Set HM Frames 6 07-Nov-13* | 14-Nov-13 I SetHM Rrames !
= A1220 Install Pool Liner 18 07-Nov-13* | 03-Dec-13 _ Install Pool Ljriner
= A1230 Frame GWB Walls 18 | 11-Nov-13* |05-Dec13 | = | 1 | C—1 FrameGWBWals | . . & L r
= A1240 Install CMU Walls 10 13-Nov-13* 26-Nov-13 ' InstalllCMU Walls |
= A1250 Rough-In Plumbing Pipe 16 | 04-Dec-13*  26-Dec-13 I | Rough-In Plumbing Pipe
= A1260 Install Duct 16 | 05-Dec-13*  27-Dec-13 I | Install Duct
= A1270 Rough-In Mechanical Pipe 1 11-Dec-13* | 26-Dec-13 I Rough—ln Mechamcal Pipe
= A1280 Insulate Duct 16 17-Dec-13* 08-Jan-14 | | . 1 | L m""""‘m""””iﬁéhiétéodét’ ””””””””””””””””””””””””””””””””””””””””””””
= A1290 Rough-In Electrical 16 18-Dec-13* | 09-Jan-14 Rough In Electrlcal
= A1300 Install Gypsum Board 17 30-Dec-13* | 21-Jan-14 !nstall (‘Bypsuml Board
= A1310 Install Sprinkler Pipe 8 03-Jan-14* | 14-Jan-14 [ Install Sprinkler Pipe
& A1320 Paint Interior Walls 17 06-Jan-14*  28-Jan-14 =1 Paint Interior Walls |
&= A1330 Install Ceiling Grids 14 [ 13-Jan-14* (30-Jan-14 | | 1| Iﬁjr”lh’siér’l ’cér.}{g’ Grids| 0L
= A1340 Rough-In Fire Alarm 15 14-Jan-14* | 03-Feb-14 —/ Rough In F|re Alarm
= A1350 Interior Finishes 25 15-Jan-14* | 18-Feb-14 I:I |nter|or F|n|shes
= A1360 Plumbing Finishes 5 03-Mar-14* | 07-Mar-14 EI Plumbmg F|n|shes ! !
&= A1370 Install Doors and Hardware 6 23-Apr-14* | 30-Apr-14 - Install Doors and Hardware
%, Basement Level 292 04-Mar-13 22-Apr-14 | e ————— —vzz ’/&;3%-’1’4653’&6%{ [é&ér ”””””””””””””””””””””””””
@ A1380 F/R/P Tower Crane Footing 5 04-Mar-13* | 08-Mar-13 l F/R/P Tower Crane Foot|ng ‘ ‘ ‘ | | | |
= A1390 F/R/P Wall Footings East 3 16-May-13 | 20-May-13 ‘ ] F/R/P WaII Footmgs East
@ A1400 Waterproof East 5 16-May-13 | 22-May-13 O Waterproof East
&= A1410 F/RIP Walls East 4 21-May-13 | 24-May-13 B [F/R/P Walls East
= A1420 F/R/P Wall Footings West 3 | 21-May-13 23-May-13| | . | . 1 @ FRPWallFootingsWest | . | L h
= Actual Level of Effort [_—_—__1 Remaining Work * € Milestone Page 1 0of 4 TASK filter: All Activities
I Actual Work I Critical Remaining Work V==Y s mmary © Oracle Corporation
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Cultural Center - Turkish Bath

Classic Schedule Layout

16-Oct-13 02:17

Activity ID Activity Name Original | Start Finish 2013 2014 2015
Ul [ Q4 Qf Q2 Q3 Q4 Qf @ Q3 Q4 Qf

@ A1430 F/R/P Col Footings East 3 21-May-13 | 23-May-13 ‘ ‘ 0 F/R/P Col Footings East ! ! ! !
= A1440 F/R/P Walls West 4 24-May-13  30-May-13 B F/RP Wals West |
= A1450 F/R/P Ramp Wall Footings 5 | 24-May-13 | 31-May-13 O F/R/P Ramp,Wall Footings |
= A1460 F/R/P Col East 3 28-May-13 | 30-May-13 I F/R/P Col East !
= A1470 F/R/P SOG East 3 31-May-13 04-dun-13 | | B FRIPSOGEast | e e e
= A1480 F/R/P Col Footings West 5 31-May-13 | 06-Jun-13 @ F/R/PCol Footlngé West |
= A1490 Waterproof West 5  31-May-13 | 06-Jun-13 O Waterproot West | |
&= A1500 F/R/P Ramp Walls 5 03-Jun-13 | 07-Jun-13 I:I F/R/P Ramp WaIIs
= A1510 F/R/P Elevated Deck East 10 | 05-Jun-13 | 18-Jun-13 - F/R/P Elevated Deck East
= A1520 F/R/P Col West 5 07-Jun-13 | 13-Jun-13 IF/R/PCoIWest ”””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””
&= A1530 Backfill East 5 07-Jun-13 | 13-Jun-13 EI Backflll East
&= A1540 F/R/P SOG West 3 14-Jun-13 | 18-Jun-13 ‘ ] F/R/P SOG West
&= A1550 Backfill West 5 14-Jun-13 | 20-Jun-13 O Backflll West
= A1560 F/R/P Elevated Deck West 5 19-dun-13 | 25-Jun-13 B FRP Elevated Deck West
= A1570 Cure & Strip Elevated Deck East 8  19-dun-13 28-un-13 | [ |’:’|"’ Cure & Strip Elevated Deck East | | . . LoLLhn
= A1580 F/R/P Pedestal Elevated Deck 5 26-Jun-13 | 02-Jul-13 I F/R/P Pedestal Elevated Deck
@ A1590 Cure & Strip Elevated Deck West 8 16-Aug-13 | 27-Aug-13 ! [ Cure & Strip Elevated Deck West
= A1600 Erect Structural Steel at Stair 3 3 23-Aug-13 | 27-Aug-13 EI Erect Str uctural Steel at Stair 3
= A1610 Set Generators 5 10-Sep-13 | 16-Sep-13 'O Set Generators !
= A1620 Set Door Frames 9 25:0ct-13* 06-Nov-13 | | L | B SetDoor #}é’rhé’sf ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’
&= A1630 Install Interior CMU Walls 5 05-Nov-13* | 11-Nov-13 I InstaII Interior CMU Walls
@ A1640 Permanent Power 0 07-Nov-13* 0 Permanent Power 07- Nov-13*
&= A1650 Install AHUs 5 12-Nov-13* | 18-Nov-13 ! O InstaIIAHUs |
= A1660 Rough-In Plumbing Pipe 6 12-Nov-13* | 19-Nov-13 O Rough- n Plumblng Plpe
& A1670 Install CMU Walls 10 12-Nov-13* 25-Nov-13 | | B | instal CMU Walls | e
= A1680 Rough-In Mechanical Pipe 6 19-Nov-13* | 26-Nov-13 O Rough-In Mechanical Pipe !
= A1690 Install Duct 11 19-Nov-13* 04-Dec-13 BN Instal Duct: | ‘
&= A1700 Insulate Duct 10 03-Dec-13* | 16-Dec-13 - Insulate Duct ! | |
= A1710 Frame GWB Partitions and Ceilin: 10 04-Dec-13* | 17-Dec-13 '] Frame GWB Partltlons and Celllngs
= A1720 Rough-In Plumbing Pipe 1 11-Dec-13* 26-Dec-13 | . . 1 | L 3| Rough-In Plumbing Pipe & .
= A1730 Rough-In Mechanical Pipe 11 | 13-Dec-13* | 30-Dec-13 — Rougb-ln Mechanical Pipe
@ A1740 Rough-In Electrical 19 | 20-Dec-13* | 16-Jan-14 1 Rough-In Electrical
= A1750 Rough-In Fire Alarm 10 31-Dec-13*  13-Jan-14 1 Rough-Iri Fire Alarm |
= A1760 Install Gypsum Board 15 20-Jan-14* | 07-Feb-14 B Install Gypsum Board
& A1770 Paint Interior Walls 13 29-Jan-14* 14-Feb-14 | | B Faintinterior Walls . |
= A1780 Interior Finishes 33 05-Feb-14* | 21-Mar-14 — Intenor F|n|shes
= A1790 Plumbing Finishes 10 28-Feb-14* | 13-Mar-14 - Plumbmg F|n|shes
&= A1800 Install Athletic Equipment 10 07-Apr-14* | 18-Apr-14 | IhstaIIAthIetlc Equment
= A1810 Install Doors & Hardware 7 14-Apr-14* | 22-Apr-14 ] Install Doors & Hardware

%, Plaza Level 55  19-Jun-13  05-Sep-13 v_7053ep1sprazaLeve| ”””””””””””””””””””””””””””””””””””””””””””””””””””””””””
= A1820 F/R/P Cure & Strip Pour Strips 25 | 19-Jun-13* | 24-Jul-13 E: FIRIP Cure & Str ip PQur Strlps
&= A1830 F/R/P Concrete Piers East 5 19-Jun-13* | 25-Jun-13 | ' FIR/P Concrete Plers East
= A1840 F/R/P Wall Above Ramp 03-Jul-13* | 10-Jul-13 :D F/R/P Walt Above: Ramp
@ A1850 Waterproof Plaza 25 25-Jul-13 | 28-Aug-13  I— Waterproof Plaza
& A1860 Backfil 15 15-Aug-13 05Sep13 | . . L =3 Backfl | | L

£ Ground Level 102 05-Sep-13  28-Jan-14 v—-———rv 28-Jan-14, Ground Level

= Actual Level of Effort [_—_—__1 Remaining Work * € Milestone Page 2 of 4 TASK filter: All Activities

I Actual Work

I Critical Remaining Work

P—Y summary

© Oracle Corporation
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Cultural Center - Turkish Bath

Classic Schedule Layout

16-Oct-13 02:17

Activity ID Activity Name Original | Start Finish 2013 2014 2015
DI [ Q4 af Q2 Q3 Q4 af Q2 Q3 Q4 af

= A1870 Install Gypsum Sheathing 5 05-Sep-13 | 11-Sep-13 ‘ ‘ ‘ ‘ 'l Install Gypsum Sheathlnc ‘ ‘ ‘ ‘
@ A1880 Install Exterior CMU Walls 15 26-Sep-13 | 16-Oct-13 | - Install Exterlor CcMuU Walls
&= A1890 Install Windows 5 17-Oct-13* | 23-Oct-13 : O InstaII Wlndows
= A1900 Set Door Frames 6 | 17-Oct-13* |24-Oct13 | | B SetDoor Frames | Lo e
= A1910 Install Interior CMU Walls 10 22-Oct-13* | 04-Nov-13 - Instéll Interior CMU§ Walls§
= A1920 Install Curtainwall 5 | 24-Oct-13* | 30-Oct-13 [} |nsta|‘| Curtainwall | !
= A1930 Frame GWB Partitions & Ceilings 8 29-Oct-13* | 07-Nov-13 I:I Frame GWB Partltlons & Celllngs
= A1940 Rough-In Plumbing Pipe 7 04-Nov-13* | 12-Nov-13 I:I Rc>ugh In Plumblhg Plpe
= A1950 Install Duct 9 05-Nov-13" 15-Novd3 | L B sl Duat
& A1960 Rough-In Mechanical Pipe 7 06-Nov-13*  14-Nov-13 'O Rough-In Mechaical Pipe
= A1970 Rough-In Electrical 6 | 08-Nov-13* | 15-Nov-13 ! O Rough-In Electrical
&= A1980 Rough-In Fire Alarm 6 | 12-Nov-13* | 19-Nov-13 ' O Rough-|n Fire Alarm |
= A1990 Install Sprinkler Pipe 7 15-Nov-13* 25-Nov-13 3 | Install Sprinkier Pipe |
= A2000 Install Gypsum Board 7 21-Nov-13* | 02-Dec13 | | L | o n O Install Gypsum Board | . oL
& A2010 Paint Interior Walls 7 26-Nov-13* 05-Dec-13 O Paint Interior Walls
= A2020 Interior Finishes 15 03-Dec-13*  23-Dec-13 — InteriorlFinishés
= A2030 Install Ceiling Grid 6 05-Dec-13* | 12-Dec-13 | O Install Celllng Grld
= A2040 Install Exterior Finishes - HASSA 31 16-Dec-13* | 28-Jan-14 InstaII Exterlor Flmshes HASSA
&= A2050 Plumbing Finishes 15 | 16-Dec-13* 06-Jan-14 | . . | L /o #idér{ti.hg i*]his’riéé ””””””””””””””””””””””””””””””””””””””””””””””””
&= A2060 Electrical Finishes 6 26-Dec-13* | 02-Jan-14 EIectncaIFlnlshes

r'. Second Floor Level 108  03-Jul-13  04-Dec-13 ‘—— 04-Dec-13, :Seconc‘i Floor ’_evel
& A2070 F/R/P Columns 6 03-Ju-13  11-Juk13 I F/R/P Columns | o o
= A2080 Install ERVs 2 | 17-Oct-13* | 18-Oct-13 0 Install ERVs
& A2090 Frame GWB Partitions & Ceilngs =~ 9 17-Oct-13*  20-Oct-13 | | . . | |jL’#’réh%é’é’v’v’éﬁé?ﬂﬂéh&&ﬁé.ﬁ@’3 ””””””””””””””””””””””””””””””””””””””””””””””””””””
= A2100 Install Duct 8 | 18-Oct-13* | 29-Oct-13 3: Install Duct | ! :
= A2110 Install Fire Dampers 3 22-Oct-13* | 24-Oct-13 0 Install Fire Dampers |
& A2120 Install Mechanical Pipe 7 25-Oct-13* | 04-Nov-13 1 Install Mechanical Pipe
= A2130 Install Sprinkler Pipe 7 | 25-Oct-13* | 04-Nov-13 1 Install Sprinkler Pipe
= A2140 Rough-In Electrical 5 20.0ct13* 04-Nov-13 | T O Rough-InElectrical | . .
= A2150 Exterior Wall Assembly 5 | 04-Nov-13* 08-Nov-13 ‘0 Exterior Wall Assembly | |
= A2160 Install Radiant Floor & Wall Tubin 5 06-Nov-13* | 12-Nov-13 'O Install Ragdiant Floor & Wall Tubing
= A2170 Pour Topping Slab 6  08-Nov-13* 15-Nov-13 ' O Pour Topping Slab | ‘
= A2180 Install Gypsum Board 6 13-Nov-13* /20-Nov-13 | + &+ | (| iLnstaIICypsum poard LLLLLLLL
&= A2190 Interior Finishes 12 18-Nov-13* 04-Dec-13 | | L n I”__"“I"ir]t’e’ for Finishes | 1111 n

B Roof Level 109 12-Juk13  13-Dec-13 v_—v 13-Dec-13, Roof Level |
&= A2200 F/R/P Elevated Deck 8 12-Jul-13 23-Jul-13 ‘ ] F/R/P Elevated Ceck : ‘ ‘ ‘
= A2210 F/R/P Columns to Roof 7 24-Jul-13 01-Aug-13 I:I F/R/P Column< to Roof
= A2220 F/R/P Elevated Deck 7 24-Jul-13 01-Aug-13 B F/R/P Elevatec Deck
= A2230 F/R/P Roof Domes 10 02-Aug-13  15-Aug-13 | . | Bl FRPRoofDomes | | e
= A2240 Install Dome Skylights 5 16-Aug-13 | 22-Aug-13 O :Install E?otne S!(yllghts§
@ A2250 Cure & Strip Elevated Decks 8 16-Aug-13 | 27-Aug-13 Bl Cure & Strip Elevated Decks
= A2260 Erect Structural Steel 5 16-Aug-13 | 22-Aug-13 ] Erect S:tructurazl Steel
= A2270 Install Trusses 5 23-Aug-13 | 29-Aug-13 B Instal| Trusses
= A2280 Lay Metal Decking 3 30-Aug-13  04-Sep-13 | 1| B LayMetalDecking: | | . L
= A2290 Install Fixed Unit Skylights 5 12-Sep-13 | 18-Sep-13 ] Ipstall Fp(ed Un!t Skylights
@ A2300 Roofing Assembly 30 19-Sep-13 | 30-Oct-13 [C—T1 Roofing Assembly

= Actual Level of Effort [_—_—__1 Remaining Work * € Milestone Page 3 of 4 TASK filter: All Activities
I Actual Work I Critical Remaining Work V==Y s mmary © Oracle Corporation
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Cultural Center - Turkish Bath

Classic Schedule Layout 16-Oct-13 02:17

Activity ID Activity Name Original | Start Finish 2013 2014 2015
Duration Qt Q2 Q3 Q4 Qt Q2 Q3 Q4 Qt
= A2310 Install Metal Roofing - HASSA 31 31-Oct-13* | 13-Dec-13 ‘ ‘ ‘ ‘ ‘ [ Install Metal Rooflng HASSA ‘ ‘ ‘ ‘ ‘ ‘
%, Closing Work 142 06-Nov-13  26-May-14 v—_'—'—'—'—v 26- May—14 Closmg Work
&= A2320 Substantially Dry 0 | 06-Nov-13* "s’&h’s’téh’t[a{l&ery 66 ’Nbblié’* ””””””””””””””””””””””””””””””””””””””””””””””””””””
@ A2330 Various Interior Finishes - HASSA 75 10-Jan-14* | 24-Apr-14 [ ] Varlous Interlor Flmshes HASSA
= A2340 Pre-Commissioning 15 05-Feb-14* | 25-Feb-14 I:I Pre- Commlsslomng
= A2350 Commissioning 15 | 26-Feb-14*  18-Mar-14 E:I Commlsslomng
= A2360 Certificate of Occupancy 0 24-Apr-14 L 4 Certlflcate of Occupancy
&= A2370 Punch List 10 | 06-May-14* 19-May-14 | | | EE Bunchlist Ui
= A2380 Final Clean 5  20-May-14* 26-May-14 ' B Final Clean |
= A2390 Turkish Bath Complete 0 26-May-14 | | | | ! 0 Turklsh Bath Complete !
I". HardscapelLandscape 348 14-May-13  18-Sep-14 #“ 18-8ep—;’|4, Har;dscape Landsc;ape
&= A2400 Light Poles West 10 | 14-May-13 | 28-May-13 |:| Light Poles West : : : :
= A2410 Light Poles East 10 | 27-Sep-13 | 10-Oct-13 | 1 L E:I "L]Qi{t’eéiééééét’ ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’
@ A2420 Dumpster Hardscape 15 30-Sep-13 | 18-Oct-13 I::I Dumpster Hardscape
m A2430 Light Poles North 10 04-Oct-13 | 17-Oct-13 | nght Poles North
m A2440 Light Poles South 10 11-Oct-13 | 24-Oct-13 | - nght Holes South
m A2450 Parking Garage Permanent Powe 0 07-Nov-13 . Parklng Garage Permanent Power
= A2460 Install Pavers 15  19-Feb-14* | 1-Mar-14 | 1L |::| this,itélilﬁéifer’s ”””””””””””””””””””””””””””””””””””””””””
ma A2470 Athletic Fields 10 25-Feb-14* | 10-Mar-14 I:I Athletlc Flelds
& A2480 Install Fountains 10 | 05-Mar-14* | 18-Mar-14 ‘T3 Install Fountains ! ! !
& A2490 Install Walkway Pavers 24 27-May-14* 27-Jun-14 .| EEER Instal Wakwdy Pavers
&= A2500 Set Light Poles 20 | 26-Jun-14* | 23-Jul-14 | EEEER SetLight Poles
= A2510 Spread Topsoil 18 | 03-Juk14* [ 28-Juk14 | 1L - ”éb}éé’;ﬁ’fb’;{s&i ””””””””””””””””””
= A2520 Plant Trees/Shrubs 20 10-Jul-14* | 06-Aug-14 _ Plant Trees/Shrubs
= A2530 Final Hardscape/Landscape West 10 24-Jul-14* | 06-Aug-14 BE Final Hardscape/Landscabe Wes
@ A2540 Final Hardscape/Landscape East 10 07-Aug-14* | 20-Aug-14 . I::inal szardscape/Landsjcape East
&= A2550 Final Hardscape/Landscape Nortl 10 | 21-Aug-14* 03-Sep-14 . B Final Hardscape/Landscape North
= A2560 Final Hardscape/Landscape Sout 11 04-Sep-14* 18-Sep-14 | 1L L i"F—E|Ha{|’|l|é’ra’s’éé;5éilﬁéh&fs’c{ébé’é&h’th ”””
@ A2570 Project Complete 0 18-Sep-14 : L 4 FPrOJect Complete :
= Actual Level of Effort [_—_—__1 Remaining Work * € Milestone TASK filter: All Activities

I Actual Work

I Critical Remaining Work V==Y s mmary

Page 4 of 4
© Oracle Corporation
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Appendix A-3: Sample Pages from CRSI Design Handbook

Note: This Link will return the user to the previous section.
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Appendix A-4: Hand Written Calculations

Note: This Link will return the user to the previous section.
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Supteimposed Roof Dead Load ' 20 ps’
Concrete Ou\\v\ SM’ns’rU 5000 gy

Ferowsp  Hail
Fia | |9 F.g £ pan RIS
R 22,19’ 29.64' wE T.AFL 8
B sttt ———— -—~—$~—~ - — FA
5,08’ i : | "' ! i
B — s i B—— Fb
so8" | ! gt
Fo T et —— -
Il 157
| i
M68 it ;
| : ——g———F0
| | 5 4
i [ 1:\ 14,51
| T '
.00 =1
“tx - :-'1 | % . 3
2 & S| {5
F.H l & ‘%‘é’ —$ ; FH
o ¥ | Fix | - Al - -
! 1= F.T
, 25,35’ ' 25.3% 25.3% {
Fe F.o Fad (AL
esian _Columns Desian Guamsy
F8-FQ FB-F3 # FEb-Fn (A
F-B-F-“ Fvs'Fog o glF.Fos‘ (6}
F.FsF%x EF-FBx # FF-FI3 (&)
FF-Fi2 Fo-FN e FE-Fa3  (0)
Floor o Roof Heisyw: 15'10"
Rook Live Lood: 3o pof
Qoo Concentraked Load: T00 by Minimum
Fla¥ Zoot Saow boes: 175 953 1




— r— a2’ '——T’— 30" —ﬁl’— R6! ——T
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= E i ‘vs F§|"F "
a
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i 3 D
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|
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FF-FBx ¢ FE-FI2
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W= 12D + 1.6L = 1,220 ps¥) « 1,6(30 psb) = 72 pst

spam Ltnu- L-.
Trikb. A»ru. Load = 672 ﬁxgei = W plf
beam Serf \Jmsﬁr_ "(lf‘iﬁ )(:so,of.‘r‘)/(fw n/bd) = 225 pl®

fq 1399 18" x 12" a.mmrm*ﬂ SHerups: (93E = (19)%3: 103", 867"
Top ' (D=0 Lomd: /.81 kif
beam B
Span Langh = £, =
g1t boam Su\¥ uugp\' = (") w)(::o,,&)/auqm/») Yoo ¢
wu T 2272 g% * 2.27 k¢ d
pq 1268 aH" % fp" &om (Dei0 $+-rmp l63H = (1)®3: 183", 158 1o
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Beam C
Span Lenythz 30
Trb. An.i Lead = (72 Ps&SS') = 2376 plf
beom S Wd:\h*: (81150 pr,ﬁ/’(mﬁt inf#) = 300 o\
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18" x 16" Botom! (D) =10 SHrrwps! A03E = (20)%3: 182", 19€7"
Tp: (D=0 Load:® 2,78 KI®

Beam D
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bram E F S.43
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2 ('Y ma)/a = 34, 8H Kk
Geom F
az 5’ Wi Tk
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beam 6
E - L[]

= a = .42 k\E
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Column F.B-F.8

2" x (2" (H)ﬂﬁ f‘ed‘&n)gbf, sym»fz"'ﬁ'm|
3 Tles @ 7" min,

I Column FEB-FlI
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12" x (2" ("’)tc fﬁphﬂ ‘a"f.,, ”MM@'
ts +'ts 7t Mik,

167,67 k
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By b @J‘;“ ;\?\1

. .Iz
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12" x 1" (M) ®6 rechan \N_, s-!mrﬂvh*‘ca‘
nl H'-’ 7" Y,

PzA+D+E+F = 2505 + 39.73+ 34,84+ 543 = [p5.05 k
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Qdesiancd Slab
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A9 e 3 Eloor - EWS -05em
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Lonaest Clear Span = Qn = 20'¢"
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Floor Dead Load = (0 + 20 = 30 psf

W= 1,203 et = 1,.2(30) + L6(loo) = 196 psk
S\ab de e 210.5"" oehween Smp paacl
- b Zatector Pantl

Edae Pane
S, Orep fantl = Degh' 8.25"
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Colum(\ Sz (7" 59. M,
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Top Tnt 1 (13)%¢
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Column Size ! 40"%. i,
Lot Gluma 5“'!@-
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o 15"
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Tr ~G.F

lo~a8 r

- S g e e e - — .

7'&6 ’Wm, Spld Fla" Shbs uwiu‘i& @_@ﬁg
Mort pw Spcm L‘ﬁﬁm\w ‘

Wi = 19 pﬂ : _
Slab Deghe = 10.5" behween Siop pamls  (Lety same)
e Panel ~ Takucter Paarl
. Orop fane! = Dgphn® 2, 15" Cdumn Sze: 13" g, o
WidHa ! 7.00'  Rand, Column Srig-Top 't (1) 25
Column Siznt IG“Q ™A _ gﬂhn (8)es5
Lonp, Column Strip = Top Ech: (10)®5 Romd, Mddle Sheip® Tp! (DES
ot ! ()¢ Bt ()5
'9 Tot  (1D)Es Tobal Sheel’ 236 ps ¥
eu-? Mddly Skrip - ﬁaﬂm-. (3)*s
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m 2- 52

f)\l'bs

57 Flooc ( dumns and Roof Beams

Beams

Wi = 1:20 ¢ LeL = 1.2(2s) * 1.6(30) = 78 pek

G.b-6W o 6.0-6.1

Span Leagth? 255"
Trib. Area Load! (T&P;q‘ér'f" + 13‘;1") = [5Ho.5 o\F
Btam SeIf Weight: (18" Y02 X150 pe8Y /(44 in¥/?) = 335 8

Wy = 15405 + 225 = !'7(.5.5,,\¥ z 1,77 kiP

18" % 12" Bokoe ' (2) %7 SHrougs: 193E = (15 =3 L@, M@ 7"
Top: () %9 Lond: 1,38 k'\$

GD-6\\ % 600612

Span Lengh' 132"
Tk, Ada Se\$ et (78 pst)20' 3,5") = /582,75 pl®
beam se\¥ wb».x.-. (13X 12"Y(150 Y/l m?/et?) = 150 pY

Va2 158275 + 180 = (73275 pif = 173 1k

2" x 12" Boker’ ()®5 . SHrmas! 138 2(1)® 3 4@, 3@4"
Top' (3) %6 Leod: 2.00 ki
énD' éi"a tn GIA L4 ﬂ.‘a

Span Leayht 304"

Trbe Ara SeA¥ Welht 'f 2% o863 = R6T5 1

BM SL\P UU)\\-"- il ﬁ‘ﬂiylwws)/(lwwwg 9259\4
Wuz 12675 + 225 = H92.5 0F = LU kIf

18" x 12" fhoFom i (D ™8 SHecugy ' 193E =(19) 23 102", @ 7"
Top ' ()®0 LM 1.81 k\§
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fﬁq?s\}SW
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Span Ln,n v fo
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beam $u\F \Jt«%\"\' (2 Y1210 pe8) /(141 mafwd) = 150 p\$

Wy = 5135 + 150 =655 p'F = 0.66 k\¥
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6A-6/a Cantilevered Ené Span

Span Leayth: 13'2"
Teih Aaa Load ' (78 ps¥X(0) = 780
feam Self Weight - (u" a X‘mﬁ{/(mqmi/ﬂ) =150 p\F

W= 780+ 150 = 250 pi¥ 7093 u\¥

12" x 12" Botom' (2)E5 S b i (358 = (1I5y=3: L@2", 12@y"
T ! (%5 boud 1,31 wi®
- G, B0\ End Span

5pan l-!.n>“~ 2'W" {
T, Ana Load’ (78 pufY12'2,5") = 991,25 p!
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18" x 12" Bothm' (3) B3 S¥cmps: 173E = (1H®3: 482" 1B 7"
T (D) *8 Load  1.30 KkiIf

6:0-68 o GD-6.1

Spﬁo Lu\b“n 26'y"
Teih, Area Load! (79ps8Y20' 35" = 1582 75
Boam Seld W ! (18 Yi2N(150 B/ (im4 n*f;#) = 225 A\ P

= 158275 + A5 * 1807.75 )\F = 18] kW

18" x R" (Botoe' ()23 Sherupy |BIE = (183 182" 7@ 7"
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G.A- 612 ¥ GA-GH End Span

Spon Leaghy ('3
Treh Avsa Losd: (78 poB(17'9.5°) = | 38275 19
Boam SUP Weight: (2 ')(.z X150 pcffrumnajpd) = 150 ¥

= 138775 + 180 * 153775 P" 2,54 KkI§
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Top ! (2)%3 load ' 1,75 k'§

Glu e 6": b G\O' &ii
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Trib, Area Load! (78 p#Y12'8.6") = 49425 pld
Bram SU\F Weignt: (12X129X150 B/ (4 i/ #2) 7 150 \

Wy = 991,25 + /150 = I1M1L25 plf = LiH Kk\$

RS Sotpen' (2) 25 SRracps’ 1338 = (13)%3! 4@2" 204"

Top: () ®6 Load: 2.72 k¥
EEEEEEER ] EEEREERR
d—-—dﬂ‘t-—-——‘b
!‘ r e 4
6. -G h hb*ﬁ,“ . G-ﬂ'ﬁﬂ_&gﬂ!ﬂ
£a=255" W ® 177 k¥ £n = =066 k'
2 =51 k1$)/a = 22.5« 2= (m )(o 6 u 66k

M = (0,60 kWY10Y/2 7 33 Pru
60-61 t» 60-612

La = 132" Wy s 173 k\F 6.A-6.3 Cantleveied
2:(13'aY 13/ = 1LH k
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