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Project Team: Basic Project Information:
Owner- Penn State Miton S. Hershey Medical Center 5-story, 175,000 square foot facility

Owner’s Consultant- Centerline Associates Design-Bid-Build, CM Agency Delivery
Architect- Payette Associates, Inc. Project Cost- $82,000,000

Associate Architect Aray Health Facilities Solutions Duration- October 2006- December 2008
Structural/ Civil Engineer- Gannett Fleming Fu nction_- Ca ncer treatment and research
MEP Engineer- Bard, Rao + Athanas =EED ShiasRatis

CM Agency- Gilbane Building Company

General Contractor- Wohlsen Construction Des|g n / Architecture:

» Ties in to existing hospital, requring relocation

of Emergency Delivery area

Design is coordinated with current Parking
Garage project and future adjoining
Children's Hospital

Radiotherapy equipment located in basement,
with patient housing, teaching and
research areas located on upper floors

Glazed aluminum curtain wall facade,
aluminum-clad skylights, and glass canopy
covering front entrance

Open-air “Healing Garden” between hospital
connections to aid in patient recovery

Structural System:
Grade beams and column piers atop micropile
foundation system
6" Slab-on-Grade, 36" SOG for radiotherapy area
Steel bay construction with elevated concrete floor
slabs on composite metal decking
Bituminous ashpahlt roofing with EPDM membrane

Mechanical / Electircal Systems:

* Mechanical penthouse stores two 55,000 cfm AHU's,
with a third 130,000 cfm AHU on the ground floor,
servicing 400 CV and VAV boxes

* Electrical systemis 3 Phase, 480V / 270V supplied
by a 15kV feeder from the campus

* Emergency supply thorugh a 450 kW, 562.5 kVA
natural gas powered generator on the penthouse
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PENN STATE MILTON S. HERSHEY MEDICAL CENTER
CANCER INSTITUTE

Building Introduction

Project Background

The Penn State Hershey Medical Center (PSHMC) Cancer Institute building is a five-
story, 175,000 square facility that will serve as the hospital’s center for cancer treatment
and research. The project began its early phasing of construction in August 2006, with
the full notice to proceed following that November. Design of the building is coordinated
with the current Parking Garage and future Children’s Hospital projects, with all three
employing similar architectural aesthetics such as the curtain wall envelope and granite
masonry features. Together these buildings will bring a modernized look to PSHMC’s

East Campus.

Client Information

The owner entity of this facility is comprised of the Penn State Milton S. Hershey
Medical Center and the Penn State College of Medicine. Central to their initiative is to
serve the growing central Pennsylvania communities and provide an aging population
with the latest technologies dedicated to improving the quality of life. This expansion
also comes in response to concerns of a shortage of physicians in the coming years. In
2002, PSHMC developed a 10-year Master Plan for operations and facilities growth.
Since its inception, the hospital has seen great progress both in construction and in
student numbers. With the recent completion of the Oncology Treatment Building and
future plans for the Children’s Hospital, PSHMC will continue to thrive as the leading
teaching hospital in Central Pennsylvania.

PSHMC’s focus for the Cancer Institute project is to minimize the impact on the hospital
facilities and to efficiently control expenses during construction. The building will
connect to the existing emergency delivery area of the hospital, and thus reconfiguring
this critical department requires a keen attention to safety. A comprehensive Infection

Control Risk Assessment plan has been developed to ensure patient safety during
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renovations and throughout construction of the Cancer Institute. The ICRA plan
identifies four risk degree levels based on sensitivity to contamination from construction
debris. Areas of the hospital within the assessment zone are assigned on of these risk
levels, which then dictates the precautionary measures that must be taken when work is
conducted within their vicinity. For the renovation work involved with the Cancer
Institute project, a number of hospital areas were categorized as “‘High’ or ‘Highest’ risk
by the study, including the existing emergency delivery, operating rooms, admissions,
endoscopy lab, and dialysis center. It is critical that the necessary steps are taken to

ensure patient safety during this early phase of construction.

As significant construction requires large amounts of funding, it is necessary for PSHMC
to keep the project under its budget. Current construction of the nearby Parking Garage
atop the three treatment facilities equals a costly investment, whose return depends upon
buildings meeting their high-quality expectations. Thus, extensive value engineering
analyses were performed throughout the design phase of the Cancer Institute to ensure
that the quality of the building was maintained as the project cost slowly crept to budget
capacity. Also of particular interest for PSHMC was to retain, at a minimum, a LEED
Silver rating, which through careful planning has been achieved.

Project Delivery System

The Cancer Institute employs a different delivery method compared to the completed
Oncology Treatment Building and the current Parking Garage project. While the OTB
and Parking Garage utilized the Gilbane Building Company as construction manager, the
Cancer Institute changes Gilbane’s role to that of a construction management agency,
overseeing a general contractor and its subcontractors. This method enables savings in
construction costs while still providing a skilled and knowledgeable management
company overseeing work. The contract in place between PSHMC and Gilbane is a cost

plus fee arrangement.

PSHMC has used Centerline Associates as its representative and consultant on most of its

recent significant construction projects, and will continue to do so with the Cancer
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Institute. This entity takes on the role of a project manager above the general contractor,
handling all cost negotiations and providing the final word on any sequencing or

constructability issues.

The design firms used by PSHMC are compensated using a cost plus fee contract
method. The architect on the project, Payette Associates, was an active participant in the
Master Plan development project in 2002. Comprehensive designs were proposed and
later selected by PSHMC for the expansion plan. Accompanying the Boston-based
architecture firm on the project is Array Healthcare Facilities Solutions, acting as
associate architects on the project for their experience and regional proximity. Civil and
structural engineering responsibilities are handled by Gannett Fleming, while all
mechanical, electrical, and plumbing design is performed by Bard, Rao + Athanas, also

out of Boston.

Project Schedule Description

A CPM schedule summary is presented at the end of this section, showing key dates and
milestones as scheduled by Gilbane Building Company and PSHMC. With two months
of site improvements and 26 months of building construction, it is critical for this
schedule to be accurate so that any changes or delays can be evaluated efficiently.
Impacts to construction have a great effect on daily hospital activities, and thus it is
important to identify any pertinent issues early so that the campus can plan for logistical

adjustments.

Sequencing Elements

= Foundation- After bulk excavation to sub-grade, a 2” mud matt of 2,000 psi to
2,500 psi concrete will be poured over the entire basement floor level, which will
be pitched slightly to the perimeter for drainage purposes. The overall structural
bearing is placed on load-bearing micropiles that are drilled into the ground
approximately 65 feet. The piles require an additional 11 feet of bond length in
stable rock to resist uplift and shear forces. When the bond zone has been

located, the casing is filled with grout to adhere to the threaded piles. Column
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piers and grade beams are formed and placed atop these micropiles. The slab on
grade will be poured in sections. First, the 36 slab for the radiotherapy area is
poured. At each brachytherapy or linear accelerator unit, the slab is stepped down
to provide a shell for the base. After steel erection, the remainder of the 6” slab

will be formed and poured.

= Superstructure- Steel and metal decking will be installed in bay sections,
beginning at the North end of the building and completed one floor at a time.
Shear studs for the composite metal deck will be installed prior to the placement
of the concrete, and will follow the sequence of the steel member erection. A

mobile crane will be used to facilitate this sequence.

= Finishes- Interior rough-ins and finishes will follow a typical sequence, beginning
with piping, then mechanical, and lastly electrical and light fixture installation.
Pipe and mechanical hangers are installed as the metal deck on the floor above is

completed, avoiding the need to drill into the composite floor slabs.
Building Systems Summary

Demolition

The first phase of the project includes demolition of a hospital parking lot, the helipad,
and a section of the Emergency Delivery area. The existing helipad and ED will be
maintained until the new helipad and ED expansion are complete. The ED work
demands usage of the Infection Control Risk Assessment plan to ensure that no
demolition or construction debris contaminates the existing hospital, threatening patients
in surgery and recovery. As the new helipad was constructed adjacent to the existing
drop-off, work stoppages were ordered whenever an emergency delivery occurred,

typically carrying a 15 to 30 minute notice.

Structural Steel Frame
The superstructure utilizes steel bay construction with mostly moment frame connections.
However, central to the structure and found at alternating column lines are three braced
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frame systems carried from the first to the fifth floor. Girder and beam sizes vary
throughout the structure. Girder sizes typically range between a W18x26 and W27x84 on
the first floor, to a W18x65 and W24x76 on the upper floors, all spanning lengths of 31
feet. Beam sizes throughout all floors are predominantly W16’s and span from 26 to 29
feet. Columns, meanwhile, fall between a W14x43 and W14x90. Elevated floors are
composite concrete slab on metal deck. To assemble the bay sections, one mobile crane
will be used, which will run along the East facade of the building beginning at the North

end.

Cast-in-Place Concrete

The foundation system uses pile caps and grade beams atop load-bearing foundation
micropiles. Grade beams will be poured directly with no forming, though the pile caps
will require stick-built forms. Ground floor concrete pours are critical to the project, as
the radiotherapy treatment area is found here. A 36” floor slab, depressed at locations for
the linear accelerator and brachytherapy units, is coupled with 40” dividing walls and a
60” ceiling, both encased with lead bricks. Placement requires two successive pours and
metal formwork to facilitate construction of this critical wall type. Elevated slabs will
require the use of a concrete pump for placement.

Mechanical System

The ventilation system for this facility utilizes three central supply air handling units.
AHU-C/A-1 is found on the ground floor and services the ground, first, and second
floors, and averages 130,000 cubic feet per minute (cfm). The two remaining units,
AHU-L-1 and AHU-L-2, are sized at 55,000 cfm, and both provide cooling and heating
to the third and fourth floors. These units will provide air to approximately 400 constant

volume or variable volume boxes located throughout the building.

Electrical System
Four 15 kV high voltage feeders service the PSHMC, branching off a substation in a
centralized location at the back of the campus. The Cancer Institute will runona 3
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phase, 480V / 270V circuit. Emergency backup power will be supplied from a 450 KW,
natural gas-powered generator located on the mechanical penthouse.

Project Cost Evaluation

Basic Overall Cost Information

PSHMC Cost Cost per Square Foot

Construction Cost $82,000,000 $468 / sf
Total Project Cost $96,000,000 $548 / sf

Core Buildings Systems Costs

Building System Cost Cost per Square Foot ‘
Structural $11,520,000 $66 / sf
Mechanical $9,310,000 $53 / sf

Electrical $6,350,000 $36 / sf
Plumbing $4,870,000 $28 / sf

Miscellaneous Systems Costs

Building System Cost
Fire Protection $900,000
Site Work $7,860,000
Curtain Wall $5,720,000
Masonry $90,000
Conveying Systems $400,000
Building Automation $1,960,000
Lab Equipment $850,000
Chris Voros Cancer Institute
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EXECUTIVE SUMMARY

Breadth Analyses and Construction Management
Depth Study

This thesis report presents the results of a year’s worth of investigation into the Cancer
Institute project at the Penn State Milton S. Hershey Medical Center. With an emphasis
in construction management, technical analyses are performed to assess early phasing
activities associated with the project, including site utility plans and foundation systems.
This is complimented by a depth study of the construction industry, which looks at

building respect among subcontractors.

The first analysis looks at the deep micropile foundation of the building and proposes
redesign to an intermediate, Geopier-reinforced mat slab system. To demonstrate breadth
of knowledge in structures, evaluations are taken both from a design and construction
perspective. Project management considerations of constructability, schedule reduction,

and value engineering are all examined as well.

The next study looks at the high voltage distribution plan of PSHMC’s East Campus with
respect to three projects- the Cancer Institute, Parking Garage, and future Children’s
Hospital. An alternative layout is proposed that better facilitates this transformation, both
from a construction and operation perspective. Breadth knowledge of electrical systems

is demonstrated in a comparison of the two layouts with respect to feeder line losses.

The last portion of this report contains a depth study in construction management,
examining industry influences on subcontractor bid package markups. Through two
surveys, one tailored to project management professionals and one to subcontractors, the
study compares industry perceptions of the major determinants of a subcontractor’s
markup, placing emphasis on reputations and business relationships.

Chris Voros Cancer Institute
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STRUCTURAL BREADTH STUDY

Intermediate, Geopier-reinforced Mat Slab versus
Deep Micropile Foundation System

Introduction

This analysis examines the feasibility of replacing the existing deep micropile foundation
system with an intermediate solution of soil-reinforcing, rammed aggregate piers in
combination with a mat slab foundation. A breadth analysis of the proposed structural
system will be demonstrated through calculations on the soil reinforcement strategy as
well as the design of the mat slab for three zones of the building. This is followed by a
comparative analysis of the proposed versus existing systems, with emphasis on three
core areas of project management- constructability, schedule reduction, and value

engineering.

Existing Conditions

The Cancer Institute building is supported by a micropile foundation system in
combination with cast-in-place piers and grade beams. The design employs the same
system used by the nearby Parking Garage project at PSHMC, scheduled to be completed
in June 2007. The structure is supported by load-bearing micropiles that are drilled into
the ground approximately 70 feet, surrounded by a metal casing. The piles require 10 to
20 feet of bonding length in stable rock to resist uplift and shear forces. When the bond
zone has been located, the casing is filled with grout that adheres to the threaded piles.
Pile caps, column piers and grade beams are formed and placed atop these micropiles to
support load-bearing walls and columns. At the Cancer Institute, non-load bearing walls

and frost walls will utilize conventional shallow footings.

The issue that arises with the micropile system is the ability to find competent rock at
reasonable depths. Central Pennsylvania is considered primarily karst topography;
limestone-derived soil which is vulnerable to weathering. The soils at PSHMC are no
exception. At the Parking Garage project in particular, significant setbacks occurred as a

result of micropiles being drilled, on average, 20 feet deeper than originally estimated in
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order to be set in a suitable rock. Compounding this problem was the fact that a minor
fault line crosses the back of the site, causing extremely poor rock zones for any pile
placement. Several piles were being drilled anywhere from 120 to 300” before ever-
reaching a competent 20’ of stable rock. As if this wasn’t enough, several sinkholes
developed during the process. In one case, a drilling team was forced to stand over a
deep fissure sinkhole with the aid of wooden planks so they could finish placing a pile.

The Parking Garage project took significant losses both in schedule and cost. As the
average pile depth climbed, multiple meetings had to be called involving all of the project
entities. Eventually it was decided to cease drilling if a pile exceeded 120’, at which
point the structural engineer would redesign the pier or grade beam in that area. In all,
about 20 piles were added, pile caps were enlarged and two adjacent piers were combined
to form a combined footing. The extensive redesign not only halted production rates but

also created a time-consuming

feedback loop whenever piles
exceeded the 120" maximum. When

the last element was placed, the $2

million dollar pile job incurred a
change order totaling $600,000. The

micropile placement schedule,

originally scheduled to take 73 days,
ended up lasting 109 days- a 49%

inflation.

Figure 1. View of Parking Garage project from CI site

Problem Statement

Unforeseen subsurface conditions can be extremely detrimental to a project, as realized
by the Parking Garage. The fact that the Cancer Institute is only a short distance from
this site presents the possibility that it will experience a similar setback with its deep
foundation system. As the early phasing sequence of site improvements incurred its own
delays, further setbacks of this magnitude can not be tolerated on the project.

Chris Voros Cancer Institute
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Research

Analysis began by compiling a list of possible alternatives to the micropile system, with
the first source being the geotechnical report. The engineers initially considered spread
and continuous footings in conjunction with soil reinforcement techniques, but this
presented settlement and future sinkhole issues. Keeping their suggestions in mind, a
side-by-side comparison of possible alternatives was drawn up.

Figure 2. Possible Foundation Alternatives

System

Engineered Fill Soil

Mat Slab Only Celleso s with Mat Slab Reinforcement

Criterion

Cost Expensive Very Expensive Moderate Moderate
Schedule Slow- extensive rebar Very"SIpW— Up to Moderate Fast
placement 72" diameter
Good in bad soils; Avoids deep
: . . : . Permanent lateral
. simple design (2-way Little settlement; foundations; no : ;
Benefits - - = = soil stress; Cheap
slab); Place during minimal vibration water table and Quick
daytime issues
Differential Time consuming; Adjacent spaces; Limited by load the
Drawbacks | settlement; sinkholes Place at night (ED added earthwork carry: Pla{:e at ni h):
over time; availability Sensitivity) costs Y: 9
Feasible? Needs More Review No No Needs More Review

As seen above, a mat slab foundation system alone will not be suitable for the Cancer
Institute. Differential settlement needs to be minimized due to the sensitivity of the
spaces and equipment, as well as to avoid issues at the Emergency Delivery and future
Children’s Hospital connections. Caissons, though supporting the existing hospital, are
simply too costly. In reality the only feasible alternative was soil reinforcement, which

was mentioned in the geotechnical report but not described in detail.

After researching soil reinforcement technologies further, it became apparent that stone
columns, installed either through vibratory or auger placement, could strengthen the soil
enough to enable a mat slab foundation (see Figure 3). One company in particular,
Geopier Foundation Company, Inc., has a patented system of rammed aggregate piers
(RAPs) that is for the Cancer Institute project in terms of pile substitutions. Geopiers
were used for the recently completed 7,800 square foot Oncology Treatment Building at

PSHMC in lieu of conventional stone columns. Thus, the idea evolved to replace the
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deep foundation system with a Geopier-

FOB&EE‘TION IN%EEE‘IIE[F):!ATE SHALLOW
(PILES) FOUNDATION FOUNDATION

reinforced mat slab, essentially an
intermediate design. Research also
considered the use of excess fill on
PSHMC’s campus to surcharge the site for a
few months prior to the foundation start date. | |

However, this was soon eliminated due to :;
the fact that it was not substantial from a '/|
/1
4

cost-benefit perspective. To have any

- - e
lasting impact on soil stability the surcharge |/
12
would require years rather than the few ;
()20
summer months available. '/

= 50/5

Figure 3. Foundation Alternatives- Bearing Strengths

Proposal

In order to avoid any subsurface conditions associated with deep foundation systems, |
propose to replace the existing system with soil-reinforcing Geopier™ rammed aggregate
piers that will support a large mat slab across the site. The remainder of this study
contains structural and construction-related analyses comparing this system with the

existing micropile design.

Structural Analysis
As the proposed system contains two key elements, calculations required a unique
approach. The scope and complexity of this redesign requires several assumptions to

achieve this uniformity:

> Two separate analyses will be performed:
0 Geopier-supported shallow foundation (GeoStructures Manual)

0 Mat slab only (Feasibility analysis)
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> Analysis divides building footprint into three zones with uniformly distributed
loads (illustrated on next page):
O Zone 1- Primary Area (36,733 sf)
0 Zone 2- Radiotherapy Vaults (6,000 sf)
0 Zone 3- Shell Space (13,811 sf)

The assumptions employed in these structural calculations should be considered baseline

values used to perform a meaningful design and construction-related analysis.

Geopier Mechanics

Geopiers work by pre-stressing soils both vertically at the bottom of the cavity, and
horizontally during subsequent compaction of thin aggregate lifts. The RAPs in
particular are beneficial in that they reduce both total and differential settlement because
of their high strength and stiffness. Projects using this type of soil reinforcement
typically employ a grid design to achieve homogenized results. Due to the fact that the
Geopier elements are stronger than in-situ soils, it creates bending stresses in the slab
between piers. Thus, floors must be treated as two-way slabs rather than a typical slab on
grade.

Geopier Calculation Results

Totals for each zone’s Geopier requirements are provided in Figure 4 below. The next
two pages depict the pile layout plan versus the proposed Geopier grid. Design of the
Geopier soil stabilization method follows the manual provided by GeoStructures,

Incorporated, courtesy of CMT Labs. For full calculations, see Appendix Al.

Figure 4. Geopier Specifications

Footprint Size Total Geopiers . :
(SF) (30" dia., 15 Deep) ~Nominal Spacing
1. Primary Area 36,733 419 10’ x 8’ O.C.
2. Radiotherapy Vaults 6,000 228 5'-6" x 5’-6" O.C.
3. Shell Space 13,811 269 8 x 7' 0O.C.
Chris Voros Cancer Institute
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Mat Slab Calculation Results

An analysis of a mat slab-only foundation was performed for comparative analysis. Load
distributions were again assumed to be uniform for each zone. Due to the lack of specific
point load values, calculations were extrapolated from pile design capacities. While the
Primary Area looks at a typical bay, the other spaces take into account the entire space

because no columns are present or listed. Full results are found in Appendix A4.

Figure 5. Mat Slab Specifications

Zone Footprint Size (SF) Mat Slab Thickness Required
1. Primary Area 36,733 2'-9”
2. Radiotherapy Vaults 6,000 4'-6”
3. Shell Space 13,811 15”

Construction Analysis

The following section outlines critical construction issues associated with the proposed
and existing foundation systems. Considering the scope of the redesign, it is necessary to
perform a comprehensive review on its impact to all critical areas of construction
management. Thus, the analysis is broken down into three core aspects- constructability

and cost, scheduling and sequencing, and value engineering impacts.

Constructability Review
The most important consideration in this redesign is its cost implications to the project.
Constructability of the two systems can be broken down into two categories:

> Micropiles versus Geopier Rammed Aggregate Piers

> Pile Caps, Grade Beams, & Slab on Grade versus Mat Slab

Analysis on each of these four categories is further broken down into material, equipment,
and labor costs as defined by the trade contractors and vendors. Information not
available from these sources is based on R.S. Means CostWorks software and prevailing

wage data. The following costs are summarized from Appendix A6:

Chris Voros Cancer Institute
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Figure 6. Summary Cost Comparison

Category Cost

Piles $1,250,000
Slab on Grade & Pile Caps $941,552.82
Total Cost | $2,191,552.82

VS.

Category Cost

Geopiers $618,300

Mat Slab $2,079,756.50
Total Cost | $2,698,056.50

As seen above, the proposed Geopier-reinforced mat slab foundation costs 23% more

than the existing system. The bulk of the added costs come as a result of the mat slab

pour. Though the mat slab calculations are basic from a structural standpoint, overall it

was designed conservatively and may in reality be cheaper than these estimates. Also of

importance is the fact that the Geopier estimate does not take into account savings

accrued from using recycled aggregate, a potential alternative that benefits the Cancer

Institute with respect to LEED points.

Piles versus Geopiers
The pile installation process is far more
labor intensive than RAPs. The Cancer

Institute will utilize 387 auger-placed piles

comprised of (2) #18 Grade 75 bars encased

in 77 pipe and filled with 4.5 ksi grout. One

threaded bar extends the full length of the

pile; the second extends only 5’ above the

11’ deep rock socket. Dependent upon the

soil composition, drilling can proceed very

slowly and incur difficulties with the casing

bending or breaking, bearing piles

deflecting out of vertical, and drill heads
malfunctioning. Also of importance is the

fact that mobilization and equipment costs

can be very expensive. The Cancer

Institute project will require support items

Chris Voros
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such as a cement silo, three hydraulic rigs, two forklifts, pumps and diesel compressors.

Figure 8. Pile-supported vs. RAP-supported Slab
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The Geopier system, on the other hand, is significantly cheaper than the piles because
they have been designed to extend only 10’ feet into the ground and require fewer
equipment and materials. Shallower, auger shafts also minimizes equipment sizing and
strain on the subsurface soils. The proposed 30” RAPs need only #57, 3" washed
aggregate for the bottom bulb and PennDOT 2A crushed stone for the remainder of the
column. Not only does this free up space in terms of site logistics, but the process is
simple from conception to installation (see Figure 9). It begins by making a cavity and
placing the first lift of stone in the bottom. A beveled tampering rod then compacts the

stone, with subsequent thin lifts placed atop one another.

Figure 9. Geopier Installation Schematic
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Slab on Grade versus Mat Slab

Constructing the mat slab will be considerably more difficult than the existing slab on
grade due to the extensive amount of rebar and embed placement. It is important to
monitor the utility layouts closely so that slab penetrations are placed correctly through
the thick slab. Whereas the current slab on grade ranges from 5” to 6” (excluding the
Radiotherapy Vaults), the mat slab ranges from 15” to 33", which will be placed atop an

8” stone layer similar to the SOG.

Schedule and Sequencing Implications

The proposed system creates a major impact on the schedule and sequencing of the
project. Though there are nearly three times as many Geopiers than piles, and despite the
more labor-intensive mat slab pour, a significant tradeoff comes into play when
considering production rates. Whereas a team of three drilling crews are scheduled to
average about 6 piles a day at the Cancer Institute, a crew of only five Geopier installers
will average 33 piles in the same time span. Thus, the estimated 916 rock columns can
be completed in 28 days, 45% faster than the 62 day-schedule for installing the piles. In
the overall structural sequence, however, this is only a fraction of the information that

requires analysis.

Sequencing Impact

Currently the slab on grade is scheduled to be poured in two phases. Phase 1 consists of
pouring Zone 1 only, which is the radiotherapy enclosure. The steel superstructure will
then be installed, with Phase 2 of the pour starting when the steel tops out. This sequence,
however, must change for the proposed mat slab foundation due to the fact that the steel

needs the load-bearing slab beneath it.

With the new system, underslab utilities are an important issue to consider. Since the
grid pattern of the RAPs is relatively dense, utility installation will have to precede this

activity.

Chris Voros Cancer Institute
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The following tables summarize the sequencing and duration of pertinent structural
activities planned for the existing and proposed systems, respectively. A detailed CPM

schedule comparison follows on the next page:

Figure 10. Schedule Comparison Summary

Activity Start — Completion Dates Duration (days)
Install & Grout Piles 12/12/06 to 3/8/07 62
Pour Pile Caps and Column Piers 2/2 to 3/29 40
Pour Radiotherapy Vaults 2/2 to 4/26 60
Install Underslab Utilities / Pour Fdn. Walls 3/30 to 4/26 20
Erect Steel (All Floors) 4/27 to 8/13 91
Pour Remaining Slab on Grade 7/31to 8/13 10
Total Duration 12/12/06 to 8/13/07 190 days

Activity Start — Completion Dates Duration (days)
Install Underslab Utilities 12/12/06 to 1/9/07 20
Install Geopiers 1/9 to 2/15 28
Pour Mat Slab & Fdn. Walls 1/22 to 3/30 48
Erect Steel (All Floors) 4/2 to 7/23 91
Total Duration 12/12/06 to 7/23/07 175 days

It is evident that the proposed foundation reduces the construction schedule considerably
when two crews are sequenced on the mat slab installation, enabling elevated slabs to be
poured a full 15 working days ahead of the existing schedule. Assuming that all other
activities take the same amount of time, there are two key schedule impacts that need

consideration.

Slab Pour

A downside to the proposed system is the increased duration for the mat slab installation.
However, rather than pouring the slab in phases, this process is streamlined into one
activity and sequenced to follow the work of the Geopier contractors. In this scenario,
the mat slab starts at about 50% completion of the Geopier elements to minimize
congestion on the site. Thus, concrete placement starts on 1/22 and finishes 48 days later
on 3/30. The schedule comparison ends up favoring the new system due to this more

fluid construction sequence.

Chris Voros Cancer Institute
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Further, complications encountered by the RAP process require much less evaluation
than a bad pile. One issue that arises with Geopiers is soil collapse during the
compaction process. As long as the aggregate-to-soil ratio within the column remains at
90%, the Geopier is considered structurally sound and does not require re-excavation.
Issues with individual micropiles, however, have much more damaging potential, as
shown at the Parking Garage project. Revisiting that situation, the micropile duration
ended up taking 50% longer than planned. If the Cancer Institute experiences a

subsurface situation of the same magnitude, the project would be delayed 31 days.

Value Engineering Considerations

Aside from the benefits realized in the cost and schedule analyses, the proposed
foundation system adds value to the Cancer Institute in terms of predictability, stability,
and environmental impact. It is in these areas that PSHMC should be particularly

interested, being both the owners and operators of this high-end facility.

Avoid Subsurface Problems

The proposed Geopier-reinforced mat slab

system has inherent qualities that rival the CCE'E)%N
existing deep micropile foundation. Though l
the cost savings are not there, it is important
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to recollect why the system was proposed in

the first place- to avoid issues associated Matrix Soil Support ——1LY (2 4 A Ak HEEE——Matix soil Support

Geopier Element Support
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times Matrix Soil support)
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with placing deep, end-bearing elements
into unreliable soils. The change order that

occurred on the Parking Garage project may

Lateral Stress Buildup
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be dwarfed by potential problems at the

Cancer Institute. If a similar fault line is

found at a critical area of the foundation,

ST
NG

J
—
~

such as the radiotherapy enclosure, redesign

costs will be immense. This zone contains a Figure 11. Soil Stabilization Effect of RAPs

70-pile grid with piles placed 5°-6” on center
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placed 5°-6 on center in each direction. Competent rock issues with one pile in the grid
will impact the entire layout as differential settlement must be accounted for. The

sensitivity of the equipment above demands strict adherence to these tolerances.

Maintain Settlement Tolerances

Aside from the avoidance of any serious subsurface issues, there is also reassurance that
the settlement of the mat slab will be contained well within tolerances due to the
effectiveness of the Geopier soil stabilizers. Lateral pressures provided by the matrix of
stone columns will even have a positive impact on soils of the adjoining Children’s
Hospital. Though initial settlement calculations of the Geopier system exceeded typical
tolerances of 17, case studies of Geopier applications in the real world show that
settlement is far less than the expected values. Monitoring the actual versus expected
settlement of these systems is possible through the installation of electronic sensors in the
slab and would be recommended for the Cancer Institute project. If in fact settlement is
less than 17, it would be a good argument for using Geopiers at the Children’s Hospital

project as well.

ICRA Impact

Lastly, it is important to consider the impact of each system’s installation process on the
daily hospital operations. The micropile installation process creates a serious issue when
considering the sensitivity of the Emergency Delivery area to outside air contamination.
During the drilling process, displacement of subsurface water forces excess amounts to
the surface. This poses an infiltration threat to critical spaces nearby, most notably the
Emergency Delivery area, Operating Rooms, and Dialysis Center. PSHMC has
categorized these, and several other spaces, as High or Highest Risk areas in their
comprehensive Infection Control Risk Assessment plan. In order to avoid contaminates
from entering the hospital, many steps are being taken to ensure that all exterior
penetrations are covered and negative pressure is maintained from within. Geopiers
reduce the potential for airborne contamination by avoiding the water table completely

and thus eliminating dirty water particles from the air.

Chris Voros Cancer Institute
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This is not to say that RAPs don’t present a contamination threat of their own; the
ramming compaction technique sends finite stone particles into the air that can travel to
the ICRA-protected spaces. The difference lies in the fact that Geopier installation can
proceed during the day, whereas the piles are scheduled for nighttime placement.
Vibrations and noise of the Geopier installation is considerably less than what is
produced during the pile-drilling process.

Recommendation

Considering the significant added costs with the proposed system, it is difficult to
recommend its implementation without a more thorough analysis of the exact mat slab
specifications. However, when recalling the issues at the Parking Garage, there still lies
potential for a damaging change order to the Cancer Institute foundation system. If this
occurs, PSHMC and Gilbane should consider the Geopier-reinforced mat slab for the
Children’s Hospital project. The smaller footprint of this building will be more
conducive to the mat slab alternative, which in the end benefits the project from a

scheduling and sequencing perspective.

Chris Voros Cancer Institute
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ELECTRICAL BREADTH STUDY

High Voltage Utility Relocation Plan and Distribution
Systems Loss Analysis

Introduction

This study looks at the feasibility of reworking PSHMC’s high voltage distribution plan
into an integrated design that better accommodates the Parking Garage, Cancer Institute,
and future Children’s Hospital projects. To demonstrate breadth knowledge in electrical
systems, an evaluation of service losses from the campus substation is performed,
comparing the existing and proposed layout designs. The analysis also looks at
constructability and value engineering issues with respect to the two plans.

Background

The PSHMC campus receives power from a substation located behind the University
Physicians Centers (UPCs) and current Parking Garage project. Four 15kV lines,
designated Hospital feeders A/B and Loop feeders A/B, provide electricity throughout the
complex. Hospital A and B serve the main Hershey Medical Center complex, including
the Cancer Institute and future Children’s Hospital. Loop feeders A and B provide
electricity to support facilities, such as the student housing complex, Parking Garage, and
UPC 1 and 2. With the numerous construction projects involved in PSHMC’s Master
Plan for expansion, utility systems engineering is a critical element of the design. One of
the key goals with recent construction was to separate the A and B lines whenever
encountering a manhole; thus, each new junction has two manholes designated A and B.
This separation makes construction and maintenance work safer due to the fact that all

lines in a manhole can be de-energized.

Problem Statement

The substation currently routs all four feeders in an 8-conduit duct bank approximately
1,200 feet before it branches the circuits. The duct travels along the South side of the
Parking Garage, across Centerview Drive and into two newly placed electric manholes
(EMH) identified as 2120A and 2120 B. Just before reaching the manholes, the duct

Chris Voros Cancer Institute
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splits such that both A lines enter 2120A, while both B lines tie in to 2120B. The
placement of these manholes was a difficult task. Not only is Centerview Drive a high
traffic route, but there is also an abutting PP&L line, Central Pennsylvania’s electricity

provider.

The overall site distribution plan calls for installation of seven new manholes to service
the Parking Garage, Cancer Institute, and Children’s Hospital. Aside from this there are
three road crossings, one of which was completed in July, and extensive earthwork
required. All of these issues contribute to an already logistically-strained campus.
PSHMC and Gilbane have had to coordinate numerous plans for traffic and pedestrian
rerouting for the Cancer Institute and Parking Garage projects. When the Children’s

Hospital gets underway, yet another road crossing will be required for the utility tie-in.

Proposal

To provide a more efficient means of servicing the current and upcoming construction
projects at PSHMC, | will devise a new electric distribution plan that reduces the overall
feeder distance from the central substation. This plan will consolidate construction costs
by reducing the number of new manholes required, eliminating a road crossing and
decreasing the overall linear distance of the new conduits. The shortened length will in

turn decrease yearly costs incurred from power and voltage losses.

Preliminary Analysis

In order to develop a feasible and efficient site distribution plan, it is critical to gain a
thorough understanding of the relationship between the feeders and the existing buildings
and projects, as well as how they are distributed in each conduit. The following page
depicts a comprehensive line diagram of the existing power plan, negating scale and

dimensions.

Chris Voros Cancer Institute
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Existing Layout

The next page in this section shows the exact layout of the high voltage distribution plan
in a manner that more accurately illustrates duct bank and manhole locations. PSHMC’s
East Campus feeders will be installed in phases corresponding to each new buildings’
construction. The Parking Garage, now nearing completion, began the first phase of the
distribution plan by installing EMH 2120 A and B. This required the first weekend road
shutdown of Centerview Drive. The bulk of the utility work will be done with the Cancer
Instititute phase, where the remaining five manholes and connecting duct banks will be
placed. During this project, Hospital Drive will be taken over by site logistics. However,
the active Campus Drive requires a weekend closing to install the ductbank connecting
2120 A/B to the new 2310 A/B. The last remaining step, which has yet to be coordinated,

involves tying Children’s Hospital into either 2310 or 2320. As of yet, no preliminary

conduit is planned for installation across Hospital Drive during the Cancer Institute

project. Thus, this road will require yet another temporary shutdown to install the duct

bank. The table below summarizes the specifications for each duct bank segment of the

existing layout, including the number of conduits and feeder routing schedule.

Figure 2. Existing Layout- Feeder Distribution Summary

DUCT BANK CONDUITS PER
SEGMENT SEGMENT FEEDER DISTRIBUTION PER SEGMENT
5” Conduit Hospital ‘A’ | Hospital ‘B’ Loop ‘A’ Loop ‘B’
Substation to 8- (4) Active,
EMH 2120 A/B (4) Spares X X X X
2120 A/B to 8- (4) Active
2310 A/B (4) Spares A 8 8 A
2120 A/B to 4- (2) Active X X
Parking Garage (2) spares
2310 A/B to 4- (2) Active . .
2130 (2) spares
2310 A/B to 4- (2) Active X X
2150 A/B (via 2145) (2) spares
2310 A/B to 6- (2) Active
2320 A/B (4) spares A 8
2320 A/B to 6- (2) Active
Cancer Institute (4) spares X X
2320 A/ B © . 6- (6) spares
Empty Termination
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It is questionable why the current plan does not include empty conduits across Hospital

Drive for the future Children’s Hospital building. The unused conduits branching off of

2320 towards the front of the Cancer Institute building are being installed in anticipation

of future construction. The same principle could easily have been applied here for

Children’s Hospital. OPP offered the reasoning that, since this project is still in the

schematic design phase, installing empty conduits may simply be a waste of time if the

electrical room does not mesh with the duct bank’s location.

Proposed Layout Synopsis

On the next page is a full site plan showing the proposed high voltage distribution layout.

Several improvements are made in this system. The design looks at PSHMC’s East

Campus from a broad perspective, rather than just focusing on one construction project at

a time. Phasing all of the utility runs at once enables a better grasp of how each feeder is

distributed throughout the new buildings and how they can be efficiently managed.

Figure 3 presents a summary of the new plan’s ductbank segments.

Figure 3. Proposed Layout- Feeder Distribution Summary

DUCT BANK CONDUITS PER
SEGMENT SEGMENT FEEDER DISTRIBUTION PER SEGMENT
5” Conduit, 3 Phases per Conduit Hospital ‘A’ | Hospital ‘B’ Loop ‘A’ Loop ‘B’
Substation to 8- (4) Active, X X X X
EMH 2120 A/B (4) Spares
2120 A/B to 4- (2) Active
Parking Garage (2) spares S A
2120 A/B to 4- (2) Active
2130 (2) spares X X
2120 A/B to 4- (2) Active
2150 A/B (2) spares A S
2120 A/B to 6- (2) Active
2310 A/B (4) spares X X
2310 A/B to 6- (2) Active
Cancer Institute (4) spares A 8
. 2310 A/B to . 6- (6) spares
Children’s Hospital
2310 A/B to

Empty Termination

6- (6) spares
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Comparative Analysis
The remainder of this study compares the existing and proposed layouts with respect to
three core concerns for PSHMC and Gilbane: energy losses, constructability, and value

engineering. Data and calculations are detailed further in Appendix B.

Systems Loss Comparison

With two feasible options, it is necessary to evaluate their performances with respect to
energy costs. This analysis in particular is based on the direct relationship between
distance and resistance; the longer a feeder has to travel, the greater the accumulated
resistance and ultimately the greater the losses. Both voltage drop and power losses are
examined, as voltage is pertinent to operating conditions and electricity costs are charged
per kilowatt-hour used. Load demands and thermal conductance between conduits are
considered constants in this study due to the fact that loading will not change, and any
thermal impact is negligible compared to resistance losses.

High voltage lines, such as these four feeders, are installed to minimize losses. However,
a side-by-side comparison is still necessary due to the fact that small losses can

accumulate over time to equal a significant impact on energy costs.

Values herein are based on distribution plan take-offs, usage data from OPP’s electrical
monitoring system, and empirical specifications for the copper feeder wires. Since each
line runs on a different amperage, and because the Hospital and Loop lines differ in total
lengths, the study required analyzing each of the four feeders separately. Although usage
data is for a 1-week period, it has been assumed to represent feeder averages for a year’s

time. The results of the study are summarized on the following page.
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Figure 4. Line Loss Comparison

FEEDER igmgg:—-{ RESISTANCE AVG AVG. VOLTAGE AVG. LOA;/SES ANNUAL COST
DESIGNATION (linear (All Three AMPé VOLTS DROP (V) LOSSES PER OF LOSSES
fit Phases) (kV) (Watts) YEAR ($.0877/kWh)
_ WB) (Watts)
Hospital A 2496 0.1662 86 | 14.06 14.30 | 1229.46 8526.47 $747.77
Hospital B 2496 0.1662 90 | 14.09 14.96 | 1346.49 8675.86 $760.87
Loop A 2007 0.1337 115 | 14.06 15.37 | 1767.74 | 10282.51 $901.78
Loop B 2007 0.1337 77 | 14.09 10.29 | 792.51 5364.92 $470.50
Total Total

Lenith: 9006’ of conduit Losses: 5136.2 | 32849.76 $2880.92

Hospital A 2331 0.1552 86 | 14.06 13.35 | 1128.49 7962.83 $698.34
Hospital B 2331 0.1552 90 | 14.09 13.97 | 1235.90 8102.34 $710.57
Loop A 1822 0.1213 115 | 14.06 13.95 | 1640.02 9334.69 $818.65
Loop B 1822 0.1213 77 | 14.09 9.34 | 735.25 4870.40 $427.13
Total Total
Length: 8306’ of conduit Losses: | 4739.66 | 30306.43 $2635.79

It is evident from this analysis that, for four feeders, small distances add up to equal a

significant amount of accumulated resistance in the copper wire. Taking a week’s usage

data from March 29th to April 4th and extrapolating over 8,760 hours (or 365 days),

shortening the 3-phase conductor lines by a total of 2100’ translates into $223 deducted

each year from the electricity bill. Though this may not seem very substantial from

PSHMC’s perspective, it provides a good selling point in favor of the proposed layout.

Constructability Review

The new layout achieves three things with respect to constructability and initial costs.

Though no single aspect saves a great deal of money, together these improvements can be

considered highly beneficial from a construction and maintenance perspective.
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Reduced Duct Bank Lengths

The first clear advantage of the proposed layout is the total reduced length for new duct
bank installation. The distribution begins by having the (8)- 5 conduits coming from the
substation run across Campus Drive as they reach the Southwest corner of the Parking
Garage. The conduits then travel South to EMH 2120 A/B, moved from its original
location at the corner of these two roads. The Parking Garage connection, containing both
Loop feeders, is run back alongside the 8-conduit duct bank and installed during the
Campus Drive shutdown. These are the only two segments that are lenghtened in the
new plan. Figure 3 below summarizes the cost and schedule impact of the new layout

with respect to duct bank installation and wiring costs.

Figure 5. Duct Bank, Conduit and Wiring Cost Comparison

— Existing Layout Proposed Layout
ENTIS] (incl.go&g) (Fi)ncl. O&P%
Duct banks (incl. excavation, pour) $310,300 $313,563
PVC Conduit $87,102 $84,636
Wiring (feeders & ground conductors) $361,326 $314,880
Totals $758,728 $713,079

Elimination of Manholes

By consolidating the duct banks, the new plan eliminates three manholes from the site.
Manholes 2120 A and B serve as the hub of distribution throughout the site. As with the
original plan, feeders split into their designated manholes and exit in an array of conduit
that takes the necessary lines to their destinations. Also stemming from MH 2120 A/B is
the Loop feeder connection to UPC and the Hospital feeder connections to EMH 2310
A/B. EMH 2145 is reduced to a simple handhole since the span between 2150 A/B and
2120 A/B is under the maximum 600’ distance between manholes. Lastly, EMH 2320
A/B are able to be deleted completely from the plan, as approved by OPP’s utility
systems engineer during this study. These changes amount to a total savings of $9,050 in

construction costs.
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Fewer Road Crossings

The existing site power plan involves three road crossings- Centerview Drive, Campus
Drive, and the intersection of Service Road and Hospital Drive. Installing the duct banks
is a time-consuming process which requires temporary shutdowns of the routes, typically
scheduled for weekends. Each crossing thus demands proper coordination between the
hospital management and construction team so that traffic patterns can be reworked,

permits obtained and notice given to hospital staff and visitors.

The new plan eliminates one of these road shutdowns by rerouting the main 8-conduit
ductbank across Campus Drive before reaching the intersection with University Drive.
What was once a right-angle crossing of two roads is reduced to a single shutdown of the
less traveled route. Though cost savings are not significant here, benefits are realized to

the schedule and logistics plan.

Value Engineering Considerations

The new layout takes utility systems engineering to a higher level of program
management. Rather than waiting for plans to be finalized for these three projects, a
comprehensive site plan is established that enables freedom in design, while still

minimizing the extent of subsurface utilities work.

When looking at high voltage distribution from a broad perspective, the current total cost
of construction amounts to $782,179, excluding any future costs for the Children’s
Hospital tie-in. The proposed system, which includes this empty conduit, costs $727,480,
decreasing the high voltage package by 7%. Thus, advance planning would not be a
waste of time as savings are still realized with the new layout. Further, as shown in the
electrical study, added savings of $225 a year are realized as a result of the reduced
conduit lengths. With the cost of energy continually growing, simple evaluations of
distribution layouts can prove to be effective means of reducing the price of electricity

incurred by large consumers such as PSHMC.
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Lastly, sequencing the installation scheme all at once creates a streamlined approach that
benefits the construction sites. Since the Parking Garage and Cancer Institute projects are
running concurrently, it is possible to compress the activity to a couple weeks rather than

months, without harming production rates for either project.

Recommendation

The proposed site power plan has its distinct advantages over the existing layout from
both a construction and operation perspective. Benefits to cost, schedule, and sequencing
is realized from a project management side, while value is added through savings in
electricity costs. It is the recommendation of this analysis that the alternative site layout
plan be adopted by PSHMC.
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DEPTH STUDY

Building Respect: Industry Influences on
Subcontractor Markups

Background

The investigation herein was started during my internship with Gilbane at PSHMC, and
directly correlates to the theme of the 2006 PACE Roundtable held in November 2006.
The focus for PACE this year was on building respect among construction project entities,

including owners, designers, builders, and vendors.

This research topic focuses on the relationship between project managers and
subcontractors by examining subcontractor markups on bids for their work. More
specifically, it examines the value added above the allowable contract markup,

sometimes referred to as a “multiplier.”

Problem Statement

Bid package markups of individual subcontractors are typically consistent from one
project to the next, provided there is similar risk associated to the jobs. However, a much
different relationship can exist between a subcontractor’s markup and the construction
management (CM) or general contracting (GC) company overseeing the job. This
variation results from the practices and structure of different CM and GC companies as
perceived by the subcontractor. Not only does this impact the overall bid to an owner,
but it also creates tension in the industry when builders have difficulty of subs returning
for work. Economics plays a key role in the bid process; still, CM/GC companies need to
be aware that maintaining positive relationships with their subs is critical to the markup

values.

Research Goal
To aid CM and GC companies in evaluating their bid package markups, | will attempt to
identify the key elements of their organizations that differentiate themselves in the eyes

of the subcontractor. Through two different surveys, one tailored to the CM and GC
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companies and one to the subcontractors, | expect to discover the defining characteristics
that cause subs to vary their markups dependent upon the management team that is on the
job. It is my ultimate goal that the industry takes this information to internally examine
their subcontractor management methods. Positive relationships result in competitive
bids, successful projects, and a level of respect that is paramount in the construction

industry.

Research Plan & Methodology

To produce a comprehensive analysis on subcontractor markups, both project
management professionals and subcontractors needed to be interviewed during this study.
Thus, research began by developing a comprehensive survey for the CM/GC, with
questions designed to elicit the aspects of their management methods that ultimately
impact a sub’s bid package markup. In early February, a dozen project management
professionals were provided with a packet of information that included a cover letter,
contextual background, a 10-question survey, and a self-addressed stamped envelope.
Anonymity was essential for this research so as to avoid bias in my evaluations and to
encourage the professionals to respond openly and honestly. The goal was not to make
an example of one company over another; rather, it was to identify the common and not-

so-common management practices that influence their subcontractor relationships.

After the CM/GC surveys were sent out, a second survey for the subcontractors was
developed and programmed so that it could be administered online and consequently
allow for a larger response pool. This survey was reworked numerous times so as to
maintain clarity and succinctness for the subcontractors. For this reason, it was broken
into two parts. Part 1 consisted of ten questions, where brief scenarios were presented
and they were asked to rate the impact of each condition on a prospective markup. A
seven-point scale was presented with values ranging from -3 (greatly reduce) to +3
(greatly increase). This value system allowed for a statistical analysis to be performed on

each scenario after enough surveys were filled out.
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Part 2 of the subcontractor survey presented three case studies designed to measure the
impact of a combination of factors on their markup. Subcontractors were presented with
a fictional management team and project for bid. The CM or GC on the job was given a
company history, reputation in the region, and summary of the project team members.
Project type and scope were also included so that an objective factor was inherent for
each markup; again, these multiplier values are influenced by economics equally if not
more so than business relationships. After reading the comprehensive case study,
subcontractors were asked to assign a markup or multiplier for their work, as well

provide a brief explanation of the major factors affecting the value.

The second part of the sub survey intended to measure how scenarios from Part 1
combined to produce an overall multiplier. Thus, when average values were achieved for
the ten scenarios, a matrix could be developed to essentially predict a multiplier based on

a given set of conditions on any construction project.

Figure 1. Survey Content Summary

Subcontractor Online Survey:
- 400+ Linked Emails Sent Out -

CM/GC Mailed Survey:
- 12 Packages Sent Out -

Part 1:
» 10 Scenarios
» Rating scale: (-3) to (+3)

Cover Letter

Background Info

10 Question Survey
SASE (for Anonymity)

Part 2:
» Three Case Studies
> Assign markup with reasoning

The research concluded with a qualitative evaluation of why subcontractors vary their bid
markups, and assessed the accuracy of the matrix in determining a markup. The results
are highly subjective, and thus it is important to retrieve a large number of results so as to
identify the key aspects of a project that influence a subcontractor’s markup decision.

A copy of these data collection tools begins on Appendix C1.
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Analysis- CM/GC Survey

Early on it was evident that the CM/GC survey results were going to vary dramatically.
This was somewhat expected, as the questions were designed to elicit a qualitative self-
assessment of their experiences with subcontractors. The remainder of this section will
look at select questions from the CM/GC survey and summarize the key responses. For a
full list of results, see Appendix C6.

Bid Package Markup vs. Contract Markup

The first two questions of the survey inquired into the typical markup received from
subcontractors on bid packages and contracts. This drew some questions from
professionals as to exactly what value was desired, but it soon became clear that the
“multiplier” was analogous to the bid package markup. Still, responses were flip-flopped

and free interpretation was required.

Typical contracts in the industry today see a markup of 15%, with 10% devoted to
overhead costs and 5% profit. The respondents typically agreed with this fact, with
values ranging from 10% to 20% O&P. Bid packages, however, are assigned a separate
markup, which ranged from -2% to 8% in the survey. This second value is the intended
target of the study due to the fact that it ranges from negative to positive values.
Markdowns are thus possible on bid packages, provided the right project conditions and a

good standing relationship with the subcontractor.

Determinants of a Bid Package Markup

This question drew a large variance of responses. Whereas one professional did not have
access to this information due to the nature of their contracts, other managers identified a
number of influences on bid package markups. This list will be important when
comparisons are made to the subcontractor survey results. Some of the more prevalent

factors listed are summarized in Figure 2 on the next page:

Chris Voros Cancer Institute
Construction Management Option --43-- Penn State Hershey Medical Center



Figure 2. CM/GC Survey- Major Determinants of a Markup
Backlog of Subcontractor Definition of Work vs. Overhead

Schedule Reasonability Project Size
Knowledge of CM/GC Practices Contract Type/ Risk Allocation

CM/GC Work Experience Other project entities-
Competition/ Supply vs. Demand A/E/GC/Owner

It is clear that, from the eyes of the CM/GC professionals, there is no way to effectively
control the markups they receive on bid packages as there are simply too many variables.
Further, only one respondent identified the CM/GC personnel as an influence, which can
essentially be considered a subjective factor as it is based solely on past experiences and
relationships. The majority of responses are objective in nature; the factors identified are

concrete values that deal with economics, time tables, and assumed risk.

Company Self-Assessment

Several of the questions delved into subcontractor relationships, change order negotiation
practices, perceived reputations, and typical client-base. When examined as a whole, one
can characterize this group of questions as the bulk of the company self-assessment. First
off, one must note that while all of the selected companies have good reputations, those
interviewed were chosen for their variance in size, structure, and targeted project or client
base. A broad spectrum of both construction management and general contracting firms

allows for a diversified opinion base on markup influences.

When looking at subcontractor relationships specifically, all of the CM/GC professionals
expressed satisfaction with subs returning for work. When asked how they approached
change order negotiations, all responded the same, with half even using the same three
word phrase- “fair but firm.” One response expanded on this mantra with a thorough

explanation of their standard business practices:
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“Our negotiation practices are to pay a fair market value for a change
order based upon market conditions. We perform an in-house estimate of
every change order and compare with what the trade provides. If we

differ, we discuss prior to negotiations.”

- Survey #4, Question 6 (Appendix C7)

From a quantitative perspective and dependent upon the type of trade, subcontractor
markups typical fall within the same range. For example, one respondent noted how a
sheet metal fabrication sub will have a much higher overhead than a drywall or painting
sub. This is simply due to the fact that overhead takes into account not only installation,
but also added fabrication, equipment, and labor costs (Survey #5, Question 4.). Other
influences on markup consistency matched responses from Question 3 of the survey, such

as supply and demand, or the availability of work in the area.

Further, it was interesting to see the stark contrast in perceived reputation versus repeat
work with subcontractors and clients. All of the companies have great success with subs
returning for work (90% to 100%) and with repeat clients (70% to 90%). Despite this
fact, their company descriptions regarding reputation and potential had only one common
similarity- their respective companies are relationship driven (see Question 8, Appendix
C8). Thus, it can be concluded that while all of these firms have formed their own
unique reputations, maintaining relationships is still the key to success. To recall the
question on markup determinants, however, it was noted that only two of the surveys
identified past working relationships as having an impact on a sub’s markup. Even more
surprising is that only 1 out of the 6 respondents felt the specific CM/GC personnel
influenced a markup. It is evident that relationships, though important to CM/GC success,

are not regarded as highly as basic market drivers when looking at bid package markups.
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Analysis- Subcontractor Survey

Unfortunately the number of responses received was far less than expected. Though
more than 400 survey links were emailed to subcontractors across the country, only 25
were filled out. Despite this circumstance, the statistical analysis proceeded. The
complete results of the survey, including statistical analyses, begins on Appendix C9. A
general analysis is performed below.

Part 1

The goal of the online survey was to quantify the results submitted in the CM/GC surveys
with respect to markup influences. By statistically analyzing the subs’ responses and
assigning point values to ten key factors, a matrix would be devised that would
essentially predict a multiplier based upon the incidence of the factors for a particular
project at bid. Respondents were asked to respond to each of the ten questions by
choosing a markup impact factor. The 7-point scale is shown below.

Figure 3. Markup Impact Scale

Greatly Moderately  Slightly Keep the Slightly | Moderately  Greatly

Reduce Reduce Reduce Same Increase Increase Increase

The analysis of Part 1 that follows groups questions into one of three factors:
relationship-oriented, business-related, and regional. The charts present response data
based on the Markup Impact Scale, with a tally of each response across the x-axis. Each
scenario’s description also presents the average value as determined by the scale used.
This value, though not an actual markup percentage, will be used as the multiplier for the

markup prediction matrix.

Relationship-Oriented Factors

Three of the questions dealt with past relationships with either the CM/GC firm, specific
project personnel, or both. Respondents were asked to quantify the impact of these past

outcomes on a markup for a project at bid. The results were consistent with the opinion

that partnerships have a major influence on future markups (see Fig. 4).

Chris Voros Cancer Institute
Construction Management Option --46-- Penn State Hershey Medical Center



Figure 4. Effect of Past Experiences on Markups

Relationship-Oriented Factors

Markup Impact

1 1 1 1 1 1 1
0 2 4 6 8 10 12
Tally

O Past Success with CM/GC - Avg. = -0.60 W Bad Historyw/ CM/GC Personnel - Ayg. = 1.64
O Bad Historyw/ Company- Avg. = 1.16

Two of the three series here are negative scenarios for the subcontractor, thus resulting in
an increase to the markups. Further, while bad experiences with a project management
company result in only a slight increase (1.16), similar situations with individual project
team members causes a moderate to high increase in the markup (1.64). Personal
relationships are valued greatly in the construction industry, reinforcing the fact that

project managers need to be respectful of their subcontractors on a day-to-day basis.
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Business-Related Factors

Four of the questions covered information about the CM/GC’s typical business practices,
including bid-shopping, change order strategies, contract documents, and scheduling.
With the exception of the scheduling question, all of these factors were worded so as to
elicit a negative response. Bid-shopping, “nickel-and-diming,” and contract vagueness
were expected to increase the assigned markup, and for the most part subcontractors

responded accordingly. The data is compressed below for these three factors.

Figure 5. Effect of Detrimental Business Practices on Markups

Business-Related Factors

+1
3]
@
o
£ 0
a J
=}
x
3 -1
=

-2

-3

0 2 4 6 8 10 12 14 16
Tally

@ AIA Contract is Vague - Avg.= 0.36 m CM/GC Bid-shops Regularly - Avg. = 1.56

O CM/GC Nickel-and-diming - Avg. = 1.60

Intentionally detrimental practices of a project team have a substantial impact on a sub’s
markup. However, while bid shopping and penny-pinching result in a slight to moderate

increase, contract vagueness has little impact on the markup. This could be partly due to
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the fact that procedural ambiguity can end up being a good situation for subcontractors
when it comes to change order inflations. It is also interesting to note in this graph that
several respondents chose to decrease their markups with respect to bid-shopping. This
proves that bid-shopping still exists in certain markets since subs were willing to decrease

their markups if it means winning the contract.

Regional Factors

Lastly, three of the questions dealt with speculative situations involving the CM or GC.
These presented a situation where the CM was new to the region, the CM was a start-up
company, or the job at hand was a “target of opportunity,” or one-shot deal. These three
questions aimed to hit on some of the subjective influences suggested by the CM/GC

professionals in the first survey.

Figure 6. Regional Influences on Markups

Regional Factors

Markup Impact

Tally

@ CM/GC is a Start-up Company - Avg. = 0.68 @ CM/GC is New to Region - Avg. = 0.44
0O Target of Opportunity - Avg. = -0.12
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In the “target of opportunity” scenario, the subcontractor was to infer that the job does

not present much room to make money. Thus, the question was expected to result in a

significant increase in the markup from a CM or GC perspective. However, the result

was quite the opposite, with respondents on average keeping the markup the same (-0.12).

If you examine the data for this question, there is an evident bell-curve in the markup

impact. This suggests that the question left more freedom with its interpretation. Itis

possible that respondents saw this as a competitive job and thus marked down their bid in

order to give them a better shot.

Continuing with the regional data, it is shown that a prominent CM/GC company new to

the region is only slightly favored (0.44) over a start-up company (0.68). Regardless, the

majority of respondents did not feel either was a significant factor at a glance. This

particular result will be contradicted by the results of the case studies. Below are the

results tabulated into the Multiplier Matrix, which will be applied to Part 2 of the survey.

FACTOR

TYPE

Figure 7. Multiplier Matrix

SCENARIO

AVG. IMPACT

You have had difficulty in the past working with some

_ . of the CM/GC personnel. 1.64 Moderately Increase
Relationship- — . -
: You have had difficulty in the past working for the .
oriented / 1.16 Slightly Increase
Factors CM/GC company.
You have had past successes with the CM/GC -0.60 Slightly Reduce
company, including some the current team members. ' gntly
“Nickel-and-diming” practices are common for the
CM/GC 1.60 Moderately Increase
The GC has been known to bid shop on a regular
Business- basis. 1.56 Moderately Increase
I F i i
related Factors | The AIA Contract is vague with respect to markup 0.36 Keep the Same
percentages, including any sub-sub markups.
The CM/GC is recognized for staying on schedule and :
meeting milestones. 023 NEED s S
The CM/GC is relatively new to the industry. 0.68 Slightly Increase
Regional Though prominent in other areas of the country, The
Factors CM/GC is new to your region. s NESD S SENE
The job is a “target of opportunity” (one-shot deal). -0.12 Keep the Same

- Using the Matrix: Choose which scenarios apply and calculate an overall average value. Then, use

the Markup Impact Scale to determine the magnitude of the expected markup.
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Part 2

The second half of the survey was intended to test the matrix developed in Part 1 by
providing varied combinations of the ten factors in short case-study synopses, and then
asking what markup would be assigned. Company history, reputation, team profile,
project type and scope were provided for each of the three situations. This mixture of
objective and subjective data gave the subcontractor ample enough information to gauge

their markup and identify which had the most influence.

Alpha Construction Company

This first case study introduced a generally negative scenario for the subcontractor.
Though Alpha was a national firm and had high client satisfaction, their business
strategies were often detrimental to their subcontractors’ profitability. In addition, the
subcontractor was informed that they had difficulty working for some of the CM staff,
specifically the Superintendent. Though vague in its presentation of the context, Alpha
was expected to result in a generally high increase in the markup simply due to the
presence of these three key factors. Extracting the values from Part 1 intrinsic to the

Alpha case study and taking an overall average, you get a predicted impact:

Figure 8. Alpha Construction Company- Multiplier Results

PRESENT SCENARIOS AVG. VALUE AVG. IMPACT

You have had difficulty in the past working with some of the 1.64 Moderately Increase
CM/GC personnel.
“Nickel-and-diming” practices are common for the CM/GC 1.60 Moderately Increase
The C_:M/GQ is recognized for staying on schedule and 028 Keep the Same
meeting milestones.
_Though prominent in other areas of the country, The CM/GC 0.44 Keep the Same
iS new to your region.

Combined Average, four scenarios 0.85 Slightly Increase

Overall, subcontractors responded to the situation with negative opinion, with a markup
average of 3.31% above their Overhead and Profit (see Appendix C12). One can
consider this as a generally moderate increase, falling in the range of 2% to 5% above the

allowable markup. Though this contradicts the predicted impact in Figure 8, it is a good
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sign in reality, as it is evident that some of these characteristics outweigh others with
respect to markups. Explanations by the subcontractors reinforce this fact. Alpha’s
disregard for the subcontractor’s well-being caused a markup that assured profitability for
the sub. Also influential is the fact that the Superintendent “can make or break a job,”

and a poor history does not bode well going into a bid.

Beta Contractors

Beta, the start-up company scenario, presented an interesting situation. Though they
were new to the industry, the principals of the firm had a great deal of experience
between them. Thus, reputation was founded on a personal basis rather than through
their company’s recognition. Further, a risk factor was made apparent, with the project
being the largest job for Beta to date, and the first time working with the subcontractor.

Only two of the scenarios from Part 1 were included in this case study:

Figure 9. Beta Contractors- Multiplier Results

\ PRESENT SCENARIOS AVG. VALUE AVG. IMPACT
The CM/GC is relatively new to the industry. 0.68 Slightly Increase
The job is a “target of opportunity” (one-shot deal). -0.12 Keep the Same

Combined Average, two scenarios 0.22 Keep the Same

Results for this second case study slightly exceeded expectations with an average markup
of 1.6% (See Appendix C13), showing little impact due to the experience of the
principals and their commitment to success. A markup multiplier of 1.6% should be
considered a relatively slight increase, again going against the prediction matrix. Still,
the risk factor of Beta Contractors being a new company was reflected in several surveys,

as noted by one respondent:
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“Two factors- new companies have poor cash flow and hence slow pay, [and]
new companies try to make their reputation for on time and on budget at the

subs expense.”

Sub Survey #8, Beta Case Study (Appendix C9)

Another subcontractor, however, saw Beta’s freshness in a completely opposite sense:

“The focus of individuals with talent, whose reputation is on the line would be
a driving force and probably lead to a successful project. Often times, large
companies spend more time overstaffed, working on sideline logistics
(tracking, reporting, safety, EEOC) than they do building the building.

Smaller, more focused companies often get the job done more efficiently.”

Sub Survey #7, Beta Case Study (Appendix C9)

In striving for client satisfaction, this respondent felt Beta would manage the project by
streamlining production and minimizing protocols. Though this approach leaves room
for potentially damaging consequences, the contrasting opinions show how the same
project can be approached from different angles. When it comes to project risk, it all
becomes a matter of perspective, experience, and confidence. However, sacrificing
critical checks on safety and quality should be considered unethical practice, as it places

unnecessary risk on the builders, owners and operators of a building.

Choice Management

The final case study presented a positive situation for the subcontractor. Choice
Management is respected by both their clients and subs; they commit themselves to their
projects, and they have assembled a project team that worked well with the respondent in
the past. The only negative factor in this scenario was that a few jobs in the past did not
run smoothly. With a combined three scenarios included from Part 1, Choice has the

following predicted markup impact:
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Figure 9. Choice Management- Multiplier Results

PRESENT SCENARIOS AVG. VALUE AVG. IMPACT

You have had difficulty in the past working for the CM/GC 116 Slightly Increase
company.
You h_ave had past successes with the CM/GC company, -0.60 Slightly Reduce
including some the current team members.
The C_:M/GQ is recognized for staying on schedule and 028 Keep the Same
meeting milestones.

Combined Average, three scenarios 0.09 Keep The Same

Respondents on average assigned a markup value of 0.1% above overhead and profit,
agreeing with the prediction matrix but contradictory to the majority of the written
explanations. Over half of those surveyed either kept the markup the same or reduced it,
anywhere from -1.5% to -5%. And while many chose to reduce the markup significantly
as a result of their regional notoriety and past successes, others put more emphasis on the
few bad experiences in the past or the project’s risk. Another explanation provided was
that, “the smaller the job, the greater the markup,” due to the economies of scale and to
cover management costs. Like the Beta case study, this scenario involved a situation
where perspective came into play- while many value a long history of successful

collaboration, there are others who never forget those few breakdowns in the past.

Sub Survey Commentary

One thing that must be remembered is that the markup impacts summarized in Part 1 are
not reciprocal with respect to a given scenario. A bad experience in the past with a
superintendent may cause a significant increase in the multiplier, but a positive

experience does not always mean the markup will be decreased by the same magnitude.

Overall, it is evident that while the prediction matrix had good intentions, there are
simply too many factors that come into play when subcontractors assign markups on bids
for their work. Assigning a weighted system to the ten factors presented in Part 1 of the

survey would disregard the variety of other reasons identified in the case study responses.
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Comprehensive Response

The original intent of this research was to measure the impact of certain business
practices on a subcontractor’s bid package markup, and ultimately attempt to weigh each
of these on a multiplier scale. Though the weighted matrix did not turn out as well as
planned, much more was achieved in the diversity of answers. A comparative analysis of
the CM/GC and subcontractor responses allows for a much more meaningful

investigation.

Major Determinants of a Markup Multiplier

When looking at the responses pertaining to markup determinants, it is evident that
construction managers and subcontractors have different opinions on their relative
significances. Since it is not possible to rank them in order of importance, the frequency

of certain factors becomes the element to consider.

For the purposes of this analysis, factors listed in the subcontractor case study responses
all contributed to the tally, regardless if the respondent listed zero or a dozen. Doing
otherwise would show bias with respect to the selection. Further, influences were broken
down into five basic categories:

» Market Conditions- includes regional economics, competition, work availability,
prevailing wages (does not consider standard overhead and profit)
Project Scope- size, type, complexity, location, schedule, & risk
CM/GC Business Practices and Regional History/ Reputation
CM/GC Personal Relationship & Past Working Experiences

YV V VYV V

Other Entities- Architect, Engineer, Owner; drawing & specification clarity

Figure 10. Key Influences on Subcontractor Markups (Totals)
CM/GC Survey Results

1. Market Conditions (9)
2. Project Scope (7)

Subcontractor Survey Results

1. CM/GC Business/ Reputation (28)
2. Market Conditions (26)

3. CM/GC Business/ Reputation (4)
3. Other Entities- A/E/Owner (3)
5. CM/GC Relationship/ Past Experiences (2)

2. CM/GC Relationship/ Past Experiences (19)
4. Project Scope (17)
5. Other Entities- A/E/Owner (10)
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Several things become apparent from this table. Before comparing these two lists, it is
important to remember that the case studies were formatted to elicit some sort of reaction
with respect to each of the three fictional CM/GC companies. Despite this fact, the
subcontractors were not limited when it came to the markup influences intrinsic to each
case study. The two lists above should be appreciated for their differences. Whereas the
CM and GC professionals emphasize objective factors, subcontractors tend to take a
more subjective perspective, valuing the reputations and relationships with each of the

project entities involved.

Obijective Factors

If standard overhead and profit were included in the market conditions category, it would
naturally rank first in both surveys. Thus, it can be noted that regional and company
economics plays the biggest role in any project out for bid. The availability of work from
both perspectives is critical, as competition among subs will always lower a bid. Supply
and demand is a basic concept that can not be overlooked in any industry.

Project scope, the second most frequent influence listed by project managers, ranks fourth
on the subcontractor list. Again, controlling for the nature of the case studies it is likely
that this would rank second among subcontractors as well. Large jobs tend to decrease
markups due to economies of scale, while complexity causes the opposite reaction.
Further, schedule reasonability is vital for subcontractors with respect to resource

availability and expected workload.

Subjective Factors

The real difference between the surveys lies in the relative significance of a company’s
history, reputation and business practices. Subcontractors overwhelmingly noted the
importance of these factors in the case study analyses, despite the fact that they took
contrasting opinions on the way it influenced their markups. This is seen in all three
scenarios, but especially in the Beta Contractors study. The delivery method and
structure of a project plays a crucial role, with many subcontractors increasing markups
whenever a construction management company is involved due to lengthier decision

processes and more logistical constraint.
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Past work experiences and partnerships rank high on the subcontractor list as well, again
reinforcing the point that these elements can not be overlooked from a project
management standpoint. Going back to the CM/GC survey, all of the companies reported
a 90% to 100% rate of subcontractors returning for work. Being highly regarded project
management companies, it is evident that they are doing something right, and it directly
ties back into this element. Maintaining relationships, being fair, providing last looks- all
of these practices build on a company’s regional reputation. Most importantly to
remember is that respect does not precipitate from the top-down; rather, it requires
positive interactions from project to project, and communication between leaders to

reinforce these partnerships.

Conclusion- Building Respect

Construction is a unique business in that it is primarily a service industry, despite the fact
that it provides a final product, a building, for its customers. Client satisfaction is
paramount to a construction manager or general contractor’s success, but that does not
mean they can disregard their subcontractors’ well-being. Since subjective elements such
as business relationships cannot be quantified, it is the responsibility of the management

professionals to value and actively maintain their subcontracting connections.

The goal of this research topic was to investigate respect among construction managers,
general contractors, and subcontractors. If one key point is taken away from this study, it
is that the construction industry places great value in a company’s reputation. Among
owners, it goes a long way- three good projects are required to balance out the impact of
a single bad one. From a subcontractor’s standpoint, it can be summarized that good
reputations are built through conscientious business practice, positive communication,

and the daily interactions that take place on a project.
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CONCLUSION

The analyses performed in this report all connect back to the projects currently underway
at PSHMC. As the Cancer Institute begins to install the micropiles, one expects
communication between the owners, engineers, project managers, and subcontractors to
continue at the same high degree of coordination achieved at the Parking Garage.
Though this project incurred losses to schedule and cost, it is likely that the Cancer
Institute will be able to avoid or at least minimize the impact of any similar subsurface

issues. Respect is achieved on all levels when collaboration on this level exists.

Structural Breadth Study

The Geopier-reinforced mat slab foundation proposed in this analysis proved what was
expected from the start- the initial cost is greater than the current system, but it avoids
subsurface issues that may be encountered with the micropile installation. Though this
may not be a convincing argument from a value engineering standpoint, this system or
one like it should be considered for Children’s Hospital if the Cancer Institute runs into

problems similar to those experienced at the Parking Garage project.

Electrical Breadth Study

Redesigning the high voltage distribution plan proved to be a simple yet effective way of
trimming construction and operation costs for PSHMC. Small adjustments can add up to
equal significant savings, stressing the importance of comprehensive program

management in major construction undertakings.

Construction Management Depth Study

The results of the research study on markup influences proved to be an effective means of
reinforcing the importance of building respect within the construction industry.
Regardless of which project entity one represents, it is critical that everyone in the
process is mindful of the other’s welfare. Reputations are built upon respect, more so
from a subcontractor’s perspective than an owner’s. When respect is effectively
practiced, it has a positive impact on the builders who in turn deliver quality projects and
maintain strong business relationships.
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Design Specifications- Micropile Foundation System

Total Piles

Average Length

(ft)

Total Length

1- Primary Area 233 65 15145
2-Radiotherapy Area (Linac Valuts) 70 65 4550
3-Shell Space & ED Canopy 84 65 5460
4- Bridge Connection 20 65 1300

Total 387 piles 65 ft 26455 ft

Desigh Maximum Capacity:

End-bearing Piles = 280 kips

Tension Piles = 180

Battered Piles = 300 kips axial, 4 kips lateral

Geopier Calculations

(Based on GeoStructures Design Manual, Example Problem)

ZONE 1: PRIMARY AREA

Structural Specifications:
Column J5- 4 bearing piles, @ bearing design load of 280 kips each
4 Piles * 280 kips/pile = 1120 kips

Tributary Area = 992 sf

Distributed load = 1.13 ksf

Soil Data:
Undrained Shear strength, c(u) = 500 psf
Modulus of subgrade rxn. = 50 pci

Moist unit wt. = 120 pcf

Recommended allowable bearing capacity, shallow footings = 2000 psf

Geopier Design Values

For Silts and Clays, N=7 (Table 4.2 — Geopier Reference Manual)
Allowable composite footing bearing pressure, gf = 6000 psf

Geopier & Footing Segment Capacity, Qqp = 85 kips
Geopier Stiffness Modulus, Kp = 210 pci

Lower Zone Design Parameter, Es = 250 ksf (From Geopier Manual backup literature)

Number of Geopiers required:

Chris Voros
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Footing Size and Composite Bearing Pressure:
Est'd. Ftg size = 1120 kips / 6 ksf = 187 sf > Try 14’ x 14’ ftg.
Actual Ftg. Size = 196 sf
Composite bearing pressure, q = 1120 kips / 196 sf = 5.7 ksf = 5714 psf

Upper Zone Settlement:
Area Ratio, R(a) of footing area covered by Geopiers (30” diameter > 4.91 sf)

R(a) = 12 Geopiers * 4.91 / 196 sf = 0.30 = 30.06%

Stress Ratio (Geopier to Matrix soil stiffness ratio)
Matrix soil modulus, Km= [2000 psf] / [144 in*2 per ft*2] / [1 inch] = 13.9 pci
Stress Ratio, Rs = Kp / Km =210 pci / 13.9 pci = 15.12

Maximum stress on Geopier:
q(gp) =q *Rs/(Ra*Rs —Ra +1) = [6714*15.12 ]/ [.30*15.12 - .30 +1] = 16482.7
psf

Upper Zone Settlement Calc:
S(uz) = q(gp) / Kp = 16482.7 / 144 | 210 = 0.545 inches

Lower Zone Settlement:
Allowable LZ Settlement, S(Iz) = 1.0” — 0.545” = 0.455 inches

Footing width, B = 14’, UZ + LZ = 2B = 28 feet

Try 10’ Shaft Length
UZ = shaft length + 1 diameter prestress zone = 10’ +30 inches = 12.5 feet
LZ =28 -12.5" = 15.5 feet

Lower Zone Stress, glz at center of Lower Zone (using Westergaard Stress Dist.)
Center of LZ depth=UZ + (LZ/2) =125+ (15.5/ 2) = 20.25 feet
f(B) =20.25' /14’ =1.45
From Westergaard- approximately 14% of composite footing bearing pressure
Q(Iz) = 0.14 * 5174 = 776 psf = .776 ksf

Lower Zone Settlement
S(z)=q(lz) /Es*LZ*12in/ft =0.776 / 250 * 14 * 12 = 0.537 in > 0.455 in

Settlement greater than 1”, however still assume 10’ shaft length for purposes of
this investigation

Number of Geopiers required:
31" x 31" Bay @ 10’ x 8 Spacing = 36,733 sf/ 992 * 12 = 444 Geopiers

Not all bays 31’ x 31°, Therefore use spacing standard to determine number
required.

Per Grid Plan = 419 Total Geopier Elements
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ZONE 2: RADIOTHERAPY ENCLOSURE

70 Piles * 280 kips/pile = 19600 kips
Total Area = 6000 sf
Distributed load = 3.26 ksf

Number of Geopiers required:

Total DL = [19600 kips] / [90 kips per Geopier] = 217 - Try 220 Geopiers

@ 5.5’ x 5.5 Nominal Spacing - 228 Geopiers Total

ZONE 3: SHELL SPACE

84 Piles * 280 kips/pile = 23520 kips
Total Area = 13811 sf
Distributed load = 1.7 ksf

Number of Geopiers required:

Total DL =[23520 kips] / [90 kips per Geopier] = 261 - Try 260 Geopiers
The nature of this area requires a second look: 24 of the piles are located in a grade
beam at the South end, all of which are battered (angled). However, 260 Geopiers will

still be installed due to ambiguity in how this load distributes over a mat slab.

@ 8’ x 77 Nominal Spacing = 269 Geopiers Total

Geopier Summary:

Zone 1 =419
Zone 2 =228
Zone 3 = 269

Total =916 Geopier Elements
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Mat Slab Thickness Calculations
(Based on Principles of Engineering, Sixth Edition, Braja M. Das)

Feasibility Analysis: (uses foundation wall depth of 20’ (typ.)
Soil Data: (from Geotechnical Report)

Undrained Shear strength, c(u) = 500 psf
Moist unit wt. = 120 pcf

D(fy=20"+7?

Factor of Safety (shear) = 1.5 (typ.)

® = 22 degrees (internal angle of friction)
P = 1120 kips (from above)

D(f) calculation: g(net, ultimate) = 5.14*c(u)*[1+0.195B/L]*[1+ 0.4D(f)/B]

Zone 1: Using q(net, u) = P = 1120 kips:
Bay: 31’ x 31’ ftg. (B x L) (typical)

Using D(f) = 22’ ©3942.96 psf > 1129 psf OK- Determine Actual Thickness

Mat Slab Thickness Determination

Thickness Calculation: ®V(c) = ®4*sqrt(f'c)*b(0)*d
dV(c)=P

f'c = 4000 psi (based on structural specifications)
b=2(b+d)+2(c+d)

@ = 0.85 (typical, punching shear)

Zone 1: Distributed Load = 1129 psf
Wall Depth = 20’
D(fy="7
Column J-4: P = 1120 kips
Base Plate Dim’s. = 22" x 22” (b x ¢)

> d =27+ 1” (dia. of reinforcing, 2 ways) + 3” (cover) = 33" = 2’-9” slab

Zone 2: Distributed Load = 3260 psf
Wall Depth = 20’
D(f)="?

- d =49” + 2” (dia. of reinforcing, 2 ways) + 3” (cover) = 54” = 4’-6” slab
(Note, since no column point loads are in this area, b and ¢ are assumed to be
largest of base plates dimensions = 26” x 30”)
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Zone 3: Distributed Load = Not typical
Wall Depth = 20’
D(f)y="?
Pile Cap Q.5, 7.3: P = 560 kips
Base Plate Dim’s. = 40.5” x 81” (b x c) (estimated)

- d =9" + 1” (dia. of reinforcing, 2 ways) + 3” (cover) = 13” - Use 15" slab
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ELECTRICAL SYSTEMS DATA AND CALCULATIONS

Feeder Data
Recorded from 3/29/07 to 4/4/07 (1 week period)

Amperage Outputs:

7
3/29/07 15:01 3/31/07 15:01 4/2/07 15:01 4/4/07 15:01

3/29/07 15:01 3/31/07 15:01 4/2/07 15:01 4/4/07 15:01

Loop Feeder ‘A’ - Peak Amps = 151 A; Avg. =115 A

86
3/29/07 15:01 3/31/07 15:01 4/2/07 15:01 4/4/07 15:01

6 -
3/29/07 15:01 3/31/07 15:01 472]07 15.01 474707 15:01
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Summary Usage Data

FEEDER ‘ PEAK AMPERAGE AVERAGE VOLTAGE
DESIGNATION (A) (kV)
Hospital Feeders
Hospital A 100 14.06
Hospital B 110 14.09
Loop Feeders
Loop A 151 14.06
Loop B 91 14.09

Feeder Cable Specifications:

Okonite Company Series Conductor-
» 500 kemil Annealed Coated Copper
» 15kV, 133% Ethylene-propylene Rubber (EPR) Insulation B
Rating
» DC Resistance @ 25 deg. C> R =0.022 Ohms/ 1000 ft

Grounding Conductor-
» 1 #4/0 AWG 600V Copper Ground Conductor

Conductor Components:
A- Uncoated, Okopact (Compact Stranded) Copper Conductor

B- Strand Screen-Extruded Semiconducting EPR
C- Insulation-Okoguard EPR

D- Insulation Screen-Extruded Semiconducting EPR
E- Shield-Copper Tape

F- Jacket-Okoseal

o
l
&
'
=
g
=
s
=J
<
-
[}
=L
&
=
=
o
2
=
o
=
F
un
w
=
Z
o
=
(s

Chris Voros Appendix B Cancer Institute
Construction Management Option --2-- Penn State Hershey Medical Center



91ISUaM Tdd Wolj uayel Y 10 150D {[Uam Jad 1s0D] « [UA Jad sassoT] = [1ea A Jad sasso Jo 1s0D)] i1
[m1 18d M 000T] / [HA/s1y 098] « [S9SS0T Yead] « [1010e ss0T] = [1eaA Jad s8sso "Bay] )
Zv[1010e4 peo](8°0) + [1010e4 peO]y(2°0) = [10310R4 Sso] ¢
[sasso0 Yead] / [sass0 ‘bay] = [1010e peoT] ;|
[eouessisay] « gv[sdwy dead] = [sesso dead] :H
[@ouelsisay] « gv[sdwy "BAy] = [sasso bay] 1D
[9oureisisay] « [sdwy "Bay] = [doiq abeyjop] 4
[enue uonenjeA sso WaISAS uonnguisig Buisn parenajed A Nyl 4
LO/¥/¥ 01 20/62/€ wol) BuLIoNUON ddO uo paseq :3 niy1 O
saseyd |[e Joj Junosde 01 £ Ag paldinniy ‘U 000T /SWYO 22200 = dourlsisay Da ‘soads Jepas- woid ‘[g] « [000T] / (22200l « [1] = [d] :g
91SEM puR SUOIIIBUUO0D 3joyuew 10} Juswbas yoea 0] %G Bulppe ‘sbuimelq QD Wod pare|naje)d v
SANTVA 4O ANIOTT

TG'v22$ = Jlea Jad sbuines 150D
UM 00°09G2 = JeaA Jad sbuines ymy
:InoAe] pasodold ‘sbuines paljewiisg

6/.'G€9'C$ 09'¥S00E |8%7°0 99°0 9G'¢0¢L. |¢6'62Ly [29°0S S[ejo L
€T L2V$ 01°'0.L87 G50 ¢L'0 98'v700T |9V'6T.L V<6 60VT |16 LL €TCT0 ¢Z8T g doon
G9'8T18% 69'V7EEH6 6€0 850 6.'99/.¢ |6Lv09T |S6'ET 90vT |TST STT €TCT0 ¢Z8T v doo7
LS0T.$ ¥€20T8 6170 /90 9%'8/8T |8V'LGZT |[L6°ET 60T |[OTT 06 ¢SSaT'0 TEEC g [endsoH
7€°869% €8°296. 650 .0 G'¢GST |6T'8VTT |SE'ET 90T |[00T 98 ¢SST'0 T€EC Vv [endsoH
0€'098'C$ 09'v19¢E |87°0 99°0 8£'8¢8. |0C'9ETS |[¢6'1S S[eio
0S'0.7$ C6'79€S9 G50 ¢L'0 68'90TT |TS'¢6.L 62°0T 60T |T6 LL LEETO 200¢ g doo
8/.°T06$ 1G°28¢0T |6€°0 850 ¢L'Lv0E |WL'[L9.T |LE'ST 90'vT |[TST STT LEETO £,00Z v doo7
1/8'09.% 98'G/.98 6170 .90 EV'TTOC |6V'IVET |96 7T 60T |[OTT 06 C99T°0 961¢ g [endsoH
YNAYA IR /Y9258 7€'C99T |9¥'62¢T Vv [endsoH

(um)
dVIA 43d ¥OLOVHd HOLlOVH
S3SSO1 SSO1 avo
Y\

1 il C | H O | E| d ) d A4

(saseyd

921yl |IV)
JONVLSISTIH

(A1)
(n) doda SIEOH

dOV110A "OAY

(sem)
S3SSOT
"OAVY

(snem)
S3SSOT
Mv3ad

(bl e (') Jeaul)) NOILVYNOIS3A

H1ON31 d3d334

SdAV
AV3d

SdAV
‘ONY

S3SSO140
1SOD TVNNNY

NOSIHVdINOD SSOT3INITWFLSAS NOILNdId1SId

Cancer Institute

Penn State Hershey Medical Center

Chris Voros

Appendix B

—-3--

Construction Management Option



[e21dA1 se awes uoneAedxa buiSsoid peol J0 1S0D {7

T:T SI ONel [|Ipoeg 0} 81210U0D Z

d®0 ‘[dul
‘lelol

[eiol

juawdinb3g

s[eua1ei

n

SIH
Jogen

ndino
Area

‘A0

uondiiosag

1NOAVT ONILSIX3 -S1SOD NOILVYTITVLSNI O1410313

Jayiabo1 pare|nojed syueqonp iInpuod-(9) pue -(8) ‘¢ daap .y AQ apIm ,G aJe SazIs youall ‘T Sawnssy
€/.'8/1'28.$ 60°'GSP'v€9$ | 25°259'8$ | 82°280'6ST$ | 6L°6TL'991$ S[elol

00'988‘€ce$ | 80'€TL'992$ | 00°0% 88'GTT'T9% 02°2.65'50¢$ | '41°0]L99°9 9'¢ 28¢ suolreulw.al % Bulolds [oxa ‘UNpuod 0082
ul ‘iwdy 00S ‘A ST ‘[eanau papunoibun| -00.-02T9T

‘Buipjaius 41X ‘1addod ‘ajqed paplaIys
00°'0v1'LES 00°'008‘8¢$ 00°0% 00'v2V'IT$ 00'9/€'LT$ '4"1°0|9€9°€ vy 96 0/v ‘papuens ‘1addod ‘anm punoib parensu| (01421
-008-0909T
00°'006'G6$ 00°2ET /8% 00°'0% 00°0$ 002ET /8% ‘AD 960T Ajuo reusyew sapnjoul ‘isd 00Gz ‘ybrom 00T0
[ewiou ‘Xiw Apeal ‘a1210uo0d [einonis| -02z-0TES
00'2/'66T$ | 00°'08T'9ST$ | 00°C6T‘C$ | 00°9L9°LV$ 00°2TE90T$ "AD|¢ 144 960T ppe '21210u02 a3e(d Ul ISed pue |[Ipjoeq 0€8.
‘UoIeARIXd SBPN|IXd A’ G J9A0 ‘81810U0d| -0Z7-08SZ

aoe|d-ul-1sed 10} ‘syueq 10np punoibiapun
00'CTL'6S$ 09'0L6'7v$ 00°0$ 0,'667'6T$ 06'0.7'GC$ '47112€°0 0S 998T 91840u09 doe|d Ul 1sed 0989
pue [[Ioeq ‘Uoitenroxa sapnjoxa ‘srewelp| -0zi-0852

.S @ 9 'OAd ‘iueq 1onp punoibiapun
00°06€°'L2$ G/ '¥09'02$ 00°0$ G2'G/2'6$ 05°62E'TT$ ‘41|622°0 0L el 91810u02 3de(d ul 1Sed 085
pue ||Ipj0e( ‘UolIeARIXD SBpN|IXa ‘Is1swelp| -0zi-08S2

.S ® ¥ 'OAd ‘Sueq Jonp punoibispun
00°0S¥'ce$ 00'SYT'6T$ 00'STY'C$ | 00°0ST'v$ 00°009°CT$ ‘e3q(/,99'9¢ |8'T L 81910U09 82e|d 008T
Ul 1SeD pue ||Ipj0eq ‘uoljeArIXa sapn|oxa| -0Zi-0852

‘deap ./ X .9 X .7 '1I9A0D pue awel} '|'D ‘suoll

Buiynd % syoel uosym 1sedald ‘sajoy ue
¥1'20€'Cc$ SO'TTLTS 00°0$ 98°'808% 6TC06% '471|800°0 GeS'e |TTTE apim 9 ‘ades Buprew punoibispun 08€0
-0¢-08S¢
80°000°0T$ T8'TS6'9% v0°,08'C$ | LLVPT'VS 00°0% ‘A'0'd|80°0 00¢ €6T¢C Buiayemap Jo bunaays 0900
sapn|oxa ‘aoyyoeq alnelpAy 18xong| -0T9-GTEZ

"A'D ¢/T ‘desp i 01,T ‘yuea uowwod

‘Bunooy snonuUOD 10 Youal] ‘Buirenesx
TG'929'C$ 08'9v2'c$ 87'86C'T$ [¢£'800°T$ 00°0% "’A’D1{800°0 000°'T [960T uonoedwod sapn|oxa 0200
‘19zop Aq ‘pealds ‘feusrew padwnp ‘4| -02S-STEZ

9pod ISO

Cancer Institute

Penn State Hershey Medical Center

Chris Voros

Appendix B

4

Construction Management Option



[eo1dA] se awes uoneAeIXa BUISS0ID Peol JO 1S0D 't

T:T SI Ol [[Ipjoeg 0 81910U0D 2

d®0 ‘[dul
‘[e10L

[eio1

juawdinb3g

logeT

s|eL1eN

nun

SIH

ndino “AQ10

logen Ajreg
1NOAVY1 d3ISOd0O¥d -S1SOD NOILVTIVLSNI ALITILN 214103713

uondiosaqg

Jayiahol pare|nojes syueqionp Inpuod-(9) pue -(g) ' daap v Ag apm G aJe sazis youal] ‘T SaWNssy
€9'6.7'L2/$ TO'6€°285% | ¥1'0TS'9$ | G5'6/8'9VT$ | 2E V00 VEYS S[ejol

00'006¢82$ | 00°296'cEC$ | 00°0$ 00'28¢'€S$ 00'08S'6.T$ | 4102999 |9°¢€ (¢} 74 suolreulwla) % Buiolds [oxa ‘UNpuod 0082
ur ‘lwoy 00§ ‘A ST ‘[esansu papunolbun-00/-0ZT9T

‘Buipiaiys d1x ‘1eddoo ‘sjqed papleiys
00'086'TE$ 00'009'v2$ 00°0% 00'85.'6% 00'2v8'vT$ 4" 1D|9€9°E |V Z8 0/t ‘pepuens ‘1addod ‘anm punoib parensul 0¢8¢e
-008-0909T
05'298°96% 05'900°88% 00°0$ 00°0% 05°900°88% ‘AD LOTT Ajuo reusyew sapnjoul ‘isd 005z 00TO0
‘ybBram [ewou ‘xiw Apeal ‘9121ou09 [ednonis| -0zz-0TEE
00'v.¥'10C$ 0S°.v.'/GT$ | 00vT2'C$ | OSVST'8VS 006.€'20T$ "AD|<C e LOTT ppe ‘81810u0d aoe|d Ul 1SED pUE ||Ipjoeq 0€8L
‘UOIBABIXD SBpN|IXa “"A™D G J9A0 ‘9181ou0d| -0Z7-085¢2

9oe|d-uI-1sed o ‘syued 1onp punoibispun
00°0817°09% 00'67S'SY$ 00°0$ 0S'0S.'6T$ 05'86/°Ge$ 471|2€0 0S 068T 91910u09 82e|d Ul 18D 0985
pue [[Ip{oeq ‘uoieARIXa sapnjoxa ‘Is1ewelp| -0z-0852

.S @ 9 ‘OAd ‘Syueq 10np punolbiapun
00'9ST'vZ$ 06'TLT'ST$ 00°0% 0T°08T'8% 08'T66'6% ‘47116220 |0L 860T 81910u02 d2e|d Ul 1SBd 0v8s
pue ||IoBg ‘UoneARIXS Sapnjoxa ‘Is1swelp| -0Zi-0852

.S @ ¥ 'DAd ‘squeq 1onp punoibiepun
00'001‘€T$ 00'076'0T$ 00'08€‘T$ | 00°09¢‘C$ 00'00Z°.$ e31,9'9¢ (8T 1% 9]310U0d 008T
a9e|d Ul 1SBD pue |[Ipjdeq ‘UoieARIXS SapN|axa| -0Zi-0852

‘desp /2 X ,9 X, ‘19A0D pue awely ‘|’ ‘suodl

Buiind 7 syoel uos/m 1sedald ‘sajoy uen
00°000°‘T$ 09'8G/% 05°€8% 00°GEES 00°0vES$ e3|€S0T |6'T T 91210uU09 a2e|d ul 1SeD pue ||Ipjoeq 0080
‘uoleARIXd Sapnjoxa ‘desp £ X £ X & ‘18n02| -0Z¥-0852

91210U092 Y1IM ‘91810U09 1sedald ‘sajoy pueH
A A A4S Ov'€V9‘T$ 00°0% 88'9//.% 25'998% '471|800°0 |S2S‘c |886¢ apm 9 ‘adel bupjrew punoibiapun 08€0
-027-085¢
82'T60°0T$ T2'ST0'.$ ¥9'2€8°2$ | LS°28T'v$ 00°'0% 'A'D'd|80°0 00¢ €T¢¢ Buusremap 0900
1o Bunaays sapn|oxa ‘aoyyoeq dlneipAy| -0T9-STEZ

“19x9oNng "A'D Z/T ‘desp .7 01,T ‘Yuea uowwod

‘Bunoo} snonunuoa 10 youal ‘Bunenesxy
€9'126°C$ 28'10S°C$ T6'0S52'T$ |v¥'8TO'T$ YA A NA ‘A’D'1(800°0 |000'T |LOTT uonoedwod sapnjoxa 0200
‘19zop Aq ‘pealds ‘feusrew padwnp ‘4| -025-STEZ

9pod ISO

Cancer Institute

Penn State Hershey Medical Center

Chris Voros

Appendix B

--5--

Construction Management Option



DATA COLLECTION TOOLS

Construction Manager/ General Contractor Survey:

1. What is the typical markup you receive for bid packages in today’s market?

2. What is the typical markup you receive for contracts in today’s market?

3. What do you feel is/are the major determinant(s) of this markup?

4. Are markups typically the same from subcontractor to subcontractor on bid packages?

5. How would you rate yourself in terms of having subcontractors return for future work
with your company?

6. How would you define your negotiating practices for subcontractor change-orders?

7. How would you characterize your client base: targets of opportunity (one-shot deals),
or repeat clients?

8. How would you describe your company’s reputation and potential in the region?

9. How would you characterize your project teams with respect to project team turnover?

10. Please leave any additional comments or concerns regarding subcontract markups.

Also included in packet:

» Cover Letter
> Background Information
» Self-addressed Stamped Envelope (SASE)

Chris Voros Appendix C Cancer Institute
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Subcontractor Online Survey:
Found at http://test.scripts.psu.edu/users/c/a/cav138/subsurvey/index.html.

Part 1-

[Rate the impact of the following variables|(-3) Greatly(-2) Moderately|(-1) Slightly)(0) Keep the|(+1) Slightly(+2) Moderately|(+3) Greatly,
on the contract markup for your work. |[Reduce  [Reduce Reduce [Same Increase  [Increase Increase
1. Your have had past successes with the
CWIGC company, including some of the 03 ®._> -1 Qo 1 02 03
current project team members.
2. The ATA Contract iz wague with respect to
rrour markup percentages, mcluding any of 0-3 O-2 0-1 00 O1 Oz 03
rrour own specialty contractors.
3. The CRYGC 15 recognized for staying on o o o o o o o
schedule and meeting all milestones. 23 /-2 /-] -0 /1 /2 23
1. The GClhas been known to bid-shop on a 03 o 0.1 o) o1 oy 03
regular basis.
5. "Mickel-and-diming" practices are cotmmor|

O- O- C- O O O O
for the CH/GC. = 72 /-1 20 71 72 73
5. The_ ChGC 15 a relatively new company 03 o 0.1 o) o1 oy 03
i the mdustry.
7. Though prominent m other areas of the

C- ®. & C O O L J]
country, the CHIGT 15 new to your region. -3 /-2 J- 20 /1 Je 23
5. From yogr]l?erspecnve, the job 15 a "target 0.3 o O-1 00 o1 oy 03
of opportunity” (one-shot deal).
2 Your have had difficulty in the past o o o o o o o
wotking with some of the CWIGC personnel. 23 /-2 /-1 20 /1 /2 23
10 You have had difficulty in the past
working for the ChYGC company, but are 0-3 O-2 -1 Q0 01 02 03
ufarmiliar with the current team,

Scenarios:

1. Your have had past successes with the CM/GC company, including some of

the current project team members.
2. The AIA Contract is vague with respect to your markup percentages, including
any of your own specialty contractors.
3. The CM/GC is recognized for staying on schedule and meeting all milestones.

4. The GC has been known to bid-shop on a regular basis.

5. "Nickel-and-diming" practices are common for the CM/GC.

6. The CM/GC is a relatively new company in the industry.

7. Though prominent in other areas of the country, the CM/GC is new to your
region.

8. From your perspective, the job is a "target of opportunity” (one-shot deal).

9. Your have had difficulty in the past working with some of the CM/GC personnel.
10. You have had difficulty in the past working for the CM/GC company, but are
unfamiliar with the current team.
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ALPHA CONSTRUCTION COMPANY

fwrith the current teatn. |

Part 2
Case Study 1: Alpha Consttuction Company

History of Company: Alpha is a national construction management firm that only recently has begun to expand into your
region. They have a long history of successfil jobs with repeat clients, but their unfamiliarity to owners and subcontractors in
the region will slow the expansion process.

[Reputation: Alpha 1z considered a premier CW firm i terms of delivermg projects on tune and on budget. However, this
has been known to cause dissatisfaction among subcontractors who are often pinched for change in order to mamtain
budgets.

Typical Project Base: Healthcare & Healthcare renowvation; Pharmaceutical & Biotech, University expansions, Medum to
High Fize Offices

Cwirent Project Information:

[Project Team- With the exception of the General Superintendent, you are unfamiliar with anyone on the project team. Your
experience with this Supenntendent was on a job several vears ago, when they worked for a local General Contractor and
wou didn’t quite see eve-to-eyve. The Chi company has setup a team consisting of three Superintendents, two Project
Engineers, a Safety MManager and a Project Manager, in addition to an Operations Manager.

Tpe af Project for Bid- Biotechnology laboratory
Complexiiv- High

\Size- 250,000 of
Cosi- $120,000,000

[Please answer the following questions in the box provided:

WWhat total markup OF. mulbpher would you assign for your worke?

Briefly describe this value. What is/are the decisive factors?

Chris Voros Appendix C Cancer Institute
Construction Management Option --3-- Penn State Hershey Medical Center



BETA CONTRACTORS

Case Study 2: Beta Contractors

History of Company: Beta is a start-up General Contracting company that has been i the industry for only 3 years.
Though lacking a deep project istory, the company 15 owned and operated by two very expenenced mndinduals that have a
combined 60 vears of project management expenence.

[Reputation: The Eeta owners are well-recognized throughout the mdustry for ther mdrwmdual project successes. Howevwer,
it 15 still unclear how successfinl they wall be as a teatn in the region.

Twpical Project Base: E-12 Education; Low to Med Eise Offices; Fetal

Cwirent Project Information:

Project Team- The team 15 composed of two Superintendents, two Project Engineers, and a Project Manager, whe
oversees safety as well The Operations IManager 1s one of the owners, who splits ther tume among several projects. This 15
the most expensive project to date For Beta, as well as the first time yvou have worked together.

Tpe of Fraject for Sid- Middle School (Grades & throuh 2)
Complexity- Medium

Wiz~ 180,000 of

Cost- §17,000,000

[Please answer the following questions in the box provided:

“What total matkup OF multiplier would you assign for your work?

Briefly describe this walue. "What is/are the decisive factors?

Chris Voros Appendix C Cancer Institute
Construction Management Option --4-- Penn State Hershey Medical Center




CHOICE MANAGEMENT

Case Study 3: Choice Management

History of Company: Choice Management 15 a fairly large Construction Management and General Contracting finm

popular to the area. They have an extensive list of projects completed i the area and are slowly expanding their regional
hase.

[Reputation: Choice Management 13 known for delivering projects on schedule, and for generally receiving high owner
satisfaction. They typically recerve high regards from subcontractors as well Though vour company has done many
successful projects for Cheice, there have been a few mstances of significant commumcation breakdowns.

Typical Project Base: Med to High Fise Offices; Office Eenovations; IMizsion Critical

Cwrrent Project Information:

Project Team- The management team 15 compoesed of several mdividuals unknown to vou, mcluding two Project Engineers
and the Safety Manager. T ou have worked on two successful jobs with the Supenntendents and Project Wanager, and
expect this one to run equally as smooth.

Tvpe of Frojeci- Medum Eise Office Budding (19 stories)
Complexity- hedum

bize- 500,000 sf

Cost- B75,000,000

[Please answer the following questions in the box provided:

What total markup OF. multpler would wou assign for vour workc?

Eriefly describe this value. What 1s/are the decisive factors?
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-SUB SURVEY STATISTICAL ANALYSIS-

Part 1:
Markup Scenario Number
Impact
-3 1 0 1 0 1 0 0 0 1 1
-2 4 1 3 2 0 1 0 4 0 1
-1 8 0 5 0 1 0 2 4 0 0
0 10 16 11 2 2 13 14 10 2 3
+1 0 5 4 4 5 4 6 6 6 7
+2 2 3 0 12 9 6 2 0 10 12
+3 0 0 1 5 7 1 1 1 6 1
Average
Impact -0.60 0.36 -0.28 1.56 1.60 0.68 0.44 -0.12 1.64 1.16
Markup Impact Scale
Greatly Moderately  Slightly Keep the Slightly | Moderately  Greatly
Reduce Reduce Reduce Same Increase Increase Increase
Chris Voros Appendix C Cancer Institute
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