FLORIDA STATE UNIVERSITY

COLLEGE OF ENGINEERING

SCHEDULE RISK ANALYSIS OF DESIGN-BUILD

HIGHWAY CONSTRUCTION PROJECTS

By

BRANDON BAGGETT

A Thesis submitted to the
Department of Civil and Environmental Engineering
in partial fulfilment of the
requirements for the degree of
Master of Science

Degree Awarded:
Fall Semester 2008



The members of the Committee approve the Thesis of Brandon Baggett defended on
August 8, 2008.

John O. Sobanjo
Professor Directing Thesis

Yassir Abdel Razig
Committee Member

Lisa K. Spainhour
Committee Member

Approved:

Kamal Tawfiq, Chair, Department of Civil and Environmental Engineering

The Office of Graduate Studies has verified and approved the above named committee
members.



TABLE OF CONTENTS

LIST OF TABLES. ... e eV
LIST OF FIGURES. ... e s %

1. BACKROUND & LITERATURE REVIEW........co oo
2. HATHAWAY BRIDGE CASE STUDY ......ciiiiiiiiiiiiiiiie0

(©0] o] 1 = o AL o

Scoring Design Build Technical Proposal.... ... cccvvn.......6

Final Selection for Design Build Services......cccccccvivvinanenn. 6
Endangered SPECIES cu . ittt 7
Submission of Working Schedule........ccceovviiiiiiiiinno, 8
Design Build Aspect.........cocvvviiiii il 11
History of the Bridge........ccouvieiiii i e, 13
The NeW Bridges. ...ocoov it e e 15
DESIgN PrOCESS. .. it e ettt e et ettt e e e 16
Design Options/Alternatives considered ........cccceeiiieeeeen... 17
Final Bridge Alignment...........coooiiii i e 19
3. METHODOLOGY et i e e e ee 0. 24
Methodology OVEerVIEW..........ccvviiiiiiii e e 24
INAUSEIY NEEUAS.....o it e e e e 24
Formulating ldeas........c.co o 25
Obtaining Project DOCUMENTS. ....couiviieiieiiiie e aennes 25
Critical Path.........ooo i 25
Interview and QUESLIONNAINE. . v veviereriiiee e eaas 27
Excel Model........oooiii i, 28
Conditional and Probabilistic Branching.......................... 31
Crystal Ball..........cooii i 34
Monte Carlo Simulation.............coveciviiiii i 36



Limitations with SS and FF Relationships................... ... 37

A ANALY SIS e 39
Project Duration Simulation ResultS...............ccooviiiiii i, 39
Sensitivity ANalySIS........oiiiii 41
Tornado Chart..........coooeii i e 45
Spider Chart... ..o e e e 50
Delay Due to Probabilistic Branching..............cccooeviiinnn. 51
Reliability of StatiStiCS.......ccvvv i e 52
Unforeseen DelaysS........ccoiiiieiie i e e e e 53
Blue Print2000 Tram Road Case Study............cccevvvivinininnnn, 55

5. CONCLUSIONS ... .t s e e e e e e e e eaes 58

6. RECCOMENDATIONS . ... e e e e e 60

7. APPENDICES. ... ittt e e e e e e 61

8. REFERENCES. ... .ottt e e e e 124

9. BIOGRAPHICAL SKETCH. ... e e e 128



Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

LIST OF TABLES

Activity Duration QUESHIONNAINE. . .ceau.vvveerieeee e ieeenee e 28
ACLIVIty 14 DeSCIIPLION...... et et et e e e e e e 30
ACLIVILY 14 PredeCeSSOrS. .. .. i came et eee e ee e e 30
Design Activity DelaysS.......coovuiit o 32
Sensitivity Analysis Data..........coummveiiieiiii i, 42
Tornado Chart Data............oovveiiiiiie e e 48
Spider Chart Data.........c.coovoeiii i e 50

Average Project Duration when Delays Occur.......................52

Bootstrap Analysis Data............ccoovoeviiiiiiiiiie e i e 53



LIST OF FIGURES

Figure 1: Design-Build vs Design Bid Build........ccoeeeiiiiiiiiiinnnnns 12
Figure 2: Hathaway Bridge 1929........oee i 14
Figure 3: Hathaway Bridge 1960..........ccooiiiiiiiiiiiiie e e s 14
Figure 4: Old Hathaway Bridge Width.............coooiiiiiiii e 14
Figure 5: New Bridge Alignment..........ccoooiiiii i e e 15
Figure 6: Location of Pile Casting Yard...........ccooovviii i iiiiiimeamen s 18
Figure 7: Bruce SGH 3013 Pile Driving Hammer.............c.ccovvmmann e, 19
Figure 8: Initial Pile Driving Schedule...............ccoiiiiii 23
Figure 9: Critical Path Identification Procedure................covcevuennn.. 26
Figure 10: Creating Excel Model.............cooviiiiiii i e e 29
Figure 11: Probabilistic Branching............ccoiiiii i e 33
Figure 12: Using Crystal Ball..........ccooii e 34
Figure 13: Triangular Distribution..............cccooii i e, 35
Figure 14: Limitations with SS Relationships.............ccooov i vicmmce v 38
Figure 15: Simulation of Project Duration................coociviiiimeenenennnn. 39
Figure 16: Sensitivity to Project Duration.............cececviiiiiiiiiiiinnnne. 41
Figure 17: Match Casting WB Cantilever Segment............. cocvuu-.......44
Figure 18: Casting Yard ‘Big’ Deal Gantry.............ccooeveuiimmnencennnnn 45
Figure 19: Tornado Chart.........c.oovieie i e e e e a7
Figure 20: Spider Chart.........co i e e e e 50
Figure 21: BP 2000 Tram Road Project Duration Simulation.............. 56..

Figure 22: BP 2000 Tram Road Project Duration Statistics



ABSTRACT

The ever changing world of today’s construction industry has brought about an
increase in the number state transportation departments across the countngaheosi
design-build project delivery system to build its highways and bridges. Diesilgh
offers a dramatic decrease in the overall time from initial design tocpagenpletion by
incorporating the two together. However, along with this fast track approacls eame
increased amount of risk associated with the project schedules. There are sonse opt
available to asses this schedule risk, although there is a lack of researatland w
documented studies to support this. A broad review of previous research is put forward in
this thesis along with new Monte Carlo simulation techniques. A methodology is
developed for assessing project schedule risk on DB projects usiGgyttal Ball
software. Schedules and data from the Hathaway Bridge project thazceasly
completed in Panama City Beach, Florida is used to apply the methodology developed.
The results of this study indicate that a much more realistic estimatigorojeats

duration can made using the application.
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CHAPTER 1
BACKROUND & LITERATURE REVIEW

With the growing number of state transportation departments around the country
looking for ways to improve their infrastructure in a timely and efficientmag many
are turning to Design-Build (DB). However, unlike traditional Design-BiddB(IDBB)
projects where the design phase may be done over a multiple year period, thamtksign
design reviews by the state must be done in a much shorter time frame with DB with onl
preliminary design actually done before construction starts. The aim ofutlysistto
establish a method to identify those activities of a DB construction scheduégdhat
uncommon to a traditional DBB and investigate the potential for serious delays to the
critical path using monte carlo simulation.

Li-Chung Chow and Sung Lin-Hsueh (2006) developed a spreadsheet based
simulation model with contingent based tasks to assess project risk on a small DB
project. A master network of the projects base tasks was broken down into a set of work
packages based on the nature and relations among the base task. Each work package was
regarded as a unit of the project and modeled by a subnetwork. The master nevork wa
used to include all the work packages and show the plans general logic. The subnetworks
were created by adding contingent tasks that could be either uncertain orocahditi
the network nodes were used to assign probability for every succeeding task. To mode
repetition of task when there is failure or rejection a series of distsld were used as
this gives the benefit of assigning varying probabilities for separsits. thor each
extended precedence subnetwork that describes a work packages a spreadkheet m
was developed in which each row refers to a task and each column an attribute or
relation. Linkages between modules are achieved by referring taldedisses of start
and finish times of interfacing tasks. The module of the master network is used to
summarize the results of all work packages. This was then simulated ussagl€sli
@Risk excel add-on simulation software. The obtained probability distribution o€proje

duration will show the overall risk in the plan caused by contingent tasks and variable



task times in all work packages. The results are then used to determinecibtalaitty
of the plan in terms of schedule.

Alaattin Kanoglu (2003) made a performance based duration estimation model of
DB integrated with an automation model, MITOS, multi phase integrated aubomati
system that was designed primarily for DB firms. A conceptual modgldeveloped in
MITOS and from this a relational model was created using MS Access. Usiag thre
components of MITOS: ASAP, ASCC, and MS project are used for the duration
estimation purposes. The performance based duration estimation model was made using
productivity information and team performances of completed projects thatnéee s
nature to the authors. This information was then corrected by coefficients tbett s&é
based factors at different levels. A final productivity coefficient of thentes then
calculated using an equation derived by the author. The model is then implemented using
a 13 step process. The design and construction phases are performed by the design and
construction groups respectively in a preset order. As the model is running i$ teeise
duration estimation by applying the various coefficients and calculatesitagon using
the final coefficient.

Ahmet Oztas and Onder Okmen (2004) examined a completed DB project in
Turkey using risk analysis techniques. Spreadsheet models for both schedule risk and
cost risk were developed in MS Excel in order to perform Monte Carlo Simulation. The
schedule model consisted of all project activities, their relationships, andnthenum,
likely, and maximum durations. By examining project documents, contract clandes, a
conversations arranged with the DB firm they identified 14 major risks thataksh
into consideration in the risk analysis process. A deterministic scheduleasgedcin
MS Project in order to compare these deterministic values to the stoctadiséis found
at the end of Monte Carlo simulation. After the deterministic schedule was cethplet
Monte Carlo simulation was carried out by means of Crystal Ball. 5000 iterateyes
conducted and a table was developed consisting of the risk percentiles and corresponding
project durations.

Oztas and Okmen (2004) proposed their judgmental risk analysis process or JRAP
as a means of assessing project risk. JRAP is an analysis stag@dénfrrimed during

the configuration of a risk management system. Critical activities engified through



the deterministic schedule the risks which influence these activitiessgkrcted from a
predetermined list of risk factors. Probability distributions were then attdothtbe

identified risks. The distributions are assigned using software that randelatys a

number from O to 1. Activity durations were determined using common distributions like
beta, triangular, and lognormal for the critical tasks. An activikyfastor matrix was
established to quantify the varying effect of each risk over each activitydenages.

This matrix was developed in order to calculate the variation in activity duration. A
pessimistic equation was then developed based on past research. The equation uses
random numbers along with minimum, most likely, and maximum activity durations to
go with the risk factor percentages to determine the activity durations.

Florence Yean Yng Ling (2004) presented the results of a study on the keg factor
that affect eleven areas of DB project performance. Data was conpifed2 public
and private DB projects and analyzed. A retrospective case study questiorasire w
designed based on the factors and performance metrics uncovered from pagt.resear
Respondents provided specific information on the project, project quality, and owners
satisfaction level using a scale created by the authors. Using thenparée metrics
statistical analyses were undertaken on the completed questionnaires uSINGAN
correlation analysis, and multicollinearity analysis. Multiple linegrassion analysis
was also conducted. ANOVA was used to test whether performance of public and private
sector DB are significantly different. Correlation analysis was usednitfide
variables/factors that are significantly correlated to each peaftcenmetric.

Jason Verschoor (2005) reported on the benefits of Monte Carlo Schedule
Analysis. Monte Carlo simulation has been used for some time now for cost engineering
and estimating purposes but rarely been used for scheduling until recently with the
advancement of software. The application allows to scheduling changes therahdit
approach of having one end date and one critical path in a schedule, to one with a range
of end dates and potential critical paths with associated probabilities. 8gngrphs
known as tornado graphs are then produced to show the relative sensitivity of the end
date to each activity in the schedule. Probabilistic and conditional branching imuse
model the uncertainty with activities. By quantifying the likelihood of meetingpadide

it highlights the risk of that costs spent on the schedule may not ensure the end date.



At the forefront of push for research on DB has been Douglas D. Gransberg. In
2002 Srinath Pai Kasturi and Gransberg published their findings on time management in
DB projects. Time management becomes a greater issue on DB projepts @b ho
traditional DBB projects because of the complexity of the teamwork involvedrfrany
parties. The basic concept of time management is effective use of timazatiealof
the task at hand. Four popular and significant tools used in the industry today for time
management are identified: activity logs, SWOT analysis, strategjiniplg and
communication, and construction scheduling/network planning. While the first three are
important the authors say “Construction scheduling is of prime concern, since it is one of
the most important elements of any construction project.” For the builder itveary the
difference between realizing a profit and losing an extreme amount ofymone

George Jergeas and Sami Fahmy (2005) presented some of the results from a
national DB research project that they undertook. Advice from 410 first time afSére
DB delivery system was compiled and analyzed. The survey was comprised @yan arr
of parties involved on a DB project including owners, project managers, contractors,
estimators, architects and designers all who have had experience with®B.
guestionnaire consisted of three sections: demographic, the Delphi study cdwering t
advantages and disadvantages of the DB project delivery, and a mini questionnaire to
collect data regarding DB professionals understanding, opinions, and attitudestoward
DB. Through this they identified ten critical principles for owners new to DB: (
Understand the DB process (2) Choose the right project (3) Choose the right team (4)
Prepare an adequate RFP or request for proposal (5) Use a fair and tirartcyse-
gualify and evaluate proponents. (6) Evaluate proposal based on value, not price (7) Be
prepared to have an open mind, flexibility, cooperation, and trust (8) Pay speai@batte
to education and training (9) Keep changes to a minimum (10) Owners should get

involved during design and construction.



Chapter 2
Hathaway Bridge Case Study

Contract

Terms

Through RS&H, who performed the CEI on this project, a copy of the
Design/Build contract for this project along with their technical proposal, tledifas
schedule, and the first schedule update were obtained.

The bids for the Hathaway Bridge were due by June 8, 2000. The Granite team
turned in their Request for Technical Proposal on May 15, 2000 and they were awarded
the contract on June 22, 2008 with a lump sum price of $81,520,000. The contract was
1,065 calendar days, with the execution date on July 20, 2008. This gave the team a
completion date of August 1, 2003.

The contract states “The bidder further agrees to perform all necess&; as
provided for in the contract, to execute the Contract within 20 calendar days aftetethe da
on which the notice of award has been given, and to fully complete all necesslary w
under the same within note more than 1,065 calendar days. It is understood and agreed
that the date on which calendar days will begin to be charged to the project shiiébe ei
(1) the 14 calendar day from the date of the issuance of the initial notice to begin work
or (2) the date on which the contractor actually begins work, whichever date is it¥e earl
The Bidder further agrees to furnish a sufficient and satisfactory bond in the sweasot |
than 100 percent of the contract price of the work as indicated by the approximate
guantities shown herein.”

In the special provisions section of the contract it defines Design-Buildasirm
“any company, firm, partnership, corporation, association, joint venture, or other legal
entity permitted by law to practice engineering, architecture andraotish contracting,

as appropriate, in the state of Florida.”



Scoring Design Build Technical Proposal
After turning in the technical proposal The Technical Review Committeewsvi

the proposal and establishes a technical score for each firm based on the following

criteria:

_ITEM VALUE
1. Innovation and Aesthetics 10
2. Construction Engineering Inspection (CEI) 10
3. Environmental Protection 5
4. Maintainability and Warranty 20
5. Construction Methods 10
6. Maintenance of Traffic 10
7. Design and Geotechnical Services/Investigations 20
8. Design-Build Experience 5
9. Coordination 5

10. Quality Control Plan 5

Maximum Score 100

Final Selection for Design Build Services
In section 3-1.1 of the special provisions it indicates how the selection committee does
the final selection for Design-Build Services.

(1) The Final Selection Committee shall be compromised of the District
Secretary, the District Director of Operations, and the DistrictcBireof
Production

(2) The Final Selection Committee shall set a date for publicly announcing the
technical scores and opening the price proposals. The Department shall notify
all firms submitting technical and price proposal at least seven daysqrior t
the opening date. The notification shall include the date, time, and place of the

opening bid proposals for the project.



(3) The Final Selection Committee shall publicly open the sealed price proposals

and calculate an adjusted score using the following formula:

Adjusted Score Fotal Lump Sum Price — [(MCT — PCT) * UDC]

Technical Score

where:
MCT = Maximum Allowable Contract Time (days)
PCT = Proposed Contract Time (days)
UDC = User Delay Costs ($10,000 per day)

The firm selected will that firm whose adjusted score is the lowest winsdhéSipiecial
Provisions 16-17)

Endangered Species

One of the big issues for this Design-Build Project was the endangeredsspecie
that live in the immediate vicinity of the project limits. Subarticle 7-1.4 stdtee
contractor’s attention is directed to the fact that located within the limitssoproject is
suitable for manatees, turtles, sturgeon, dolphin and manta ray. Coordination will be
required between the Contractor and the Departments environmental personnel
throughout the duration of this contract. The contractor shall immediately notify the
District Environmental Administrator for further directions before pursuiryg an
constructive activities that may endanger the viability of any or alleo§pecies.”
(Special Provisions 23) The section goes on to list more directions for the camiract
regard specifically to manatee protection and how to avoid endangering themaiayany
Also, it gives specific direction on looking out for turtles before any demoliticstibta

OcCcurs.



Submission of Working Schedule
For this project as stated in subarticle 8-3.2 the contractor was required to submit
a Design-Build critical path method (CPM) schedule to the engineer withial&gdar
days after the execution of the contract, or at the preconstruction confetanbever is
earlier. The date of execution of the contract as stated earlier wa&J@000 and the
baseline schedule | obtained was created on August 1, 2000 so they were well within the
required 30 day window. The contract states, in regards to the schedule that:
“It must show work activities in sufficient detail to demonstrate a reéd®@ad
workable plan to complete the project within the Contract Time. Show the order
and independence of activities and the sequence in which the work will be
accomplished. Describe all activities so that the work is readily iddaifend
the progress on each activity can be readily measured. The Engineer must approve
any activity spanning more than 30 days, except MOT and procurement

activities”

It also gives a list of all activities that should be included in the scheduldty
breaks them down into 3 categories: All Work, Bridges, and Roadway.
All Work:
(1) Precedent activities affecting the start of Contractor’s activities
(2) Construction and maintenance of traffic milestones, including completion of
construction on roadway sections, temporary detours and bridges, and traffic
openings, closures, shifting
(3) Milestones, when required by the Contract Documents
(4) In a project with more than one construction or maintenance of traffic phase,
each phase, corresponding activities, and completion dates
(5) Procurement time for materials, plant and equipment
(6) Shop drawing preparation, submittal, and processing for all elements requiring
shop drawings
(7) Review time of shop drawings
(8) Utility relocations

(9) Obtaining permits or licenses



(10) Work under another contract
(11) VECP submissions
(12) Other concurrent conditions or work that impact the Contractor’s start or
completion of an activity
Bridges:
(1) Mobilization
(2) Concrete mix design and pertinent information
(3) Test piling and/or load test program
(4) Segmental casting facility mobilization
(5) Fabrication and delivery of piling
(6) Segmental fabrication per span per structure
(7) Beam or girder fabrication per span per structure
(8) Pile installation or drilled shaft per bent per structure
(9) Pile caps or spread footing per bent per structure
(10) Columns per bent per structure
(11) Pier caps per bent per structure
(12) End bents per structure
(13) Beam, girder or segment erection-span by span per structure
(14) Diaphragms
(15) Deck placement-span by span per structure
(16) Parapets-span by span per structure

(17) Expected material allowance requests and payments

Roadway:
(1) Submission of job mix formula for asphalt pavement and recommended
testing requirements
(2) Delivery schedule for items such as drainage pipe, guardrail, sigrustgjct
signs, lighting facilities, and traffic signals
(3) Internal access and haul roads (location and duration in place)
(4) Clearing and grubbing by location or roadways

(5) Excavation



(6) Embankment for each abutment location

(7) Embankment placed for each roadway

(8) Drainage — structures and pipe runs for each roadway
(9) Retaining wall per location

(10) Base for each roadway

(11) Curb for each roadway

(12) Pavement (asphalt and/or concrete) for each roadway
(13) Bridge approach slabs per location

(14) Guardrail for each roadway

(15) Slope pavement or riprap

(16) Roadway lighting for each roadway

(17) Signing for each sign structure location and for each roadway
(18) Striping for each roadway

(19) Traffic signals per location

(20) Sodding, seeding and mulching for each roadway
(21) Expected material allowance requests and payments

Furthermore the contract states that the CPM schedule shall consistwbenet

diagram, and a bar chart, and accompanying mathematical analyt&saltiaulates

that the network diagram must show the order and interdependence of activities and t

sequence in which the work is to be done. Finally the contract stipulates that the

mathematical analysis of the network diagram will have a tabulation of eidgtyac

shown on the detailed network diagram and together with the bar-graph shall show the

minimum information for each activity:

(a) Activity description

(b) Early start date

| Late start date

(d) Original duration — in working days
(e) Total Float

() Monetary value of activity

10



The schedule must and all progress updates must be in one of the following formats:
1. Primavera(P3) project files using the Primavera Project Planhah(Ww
obtained)
2. Suretrack

For the Engineer to approve a Critical Path Method schedule the contregitstat
“will be dependent up satisfactorily identifying work items, dates andidugain
conformance with the terms of the Contract and the established contractititine”.
schedule is found to be deficient it will be returned to the contractor for gorrethey
must submit this within 15 calendar days from the transmittal date.

The contract goes on to say “if the contract duration substantially changes as
result of time extensions or supplemental agreements, the engineer rgags ee
revised report. The report shall indicate percent completed, measured in dullaesad
on the most recent update of the schedule. If satisfactory the report will lnesikdor
measurement of progress.” By having this in the contract the contractor isnabzee
when unforeseen things happen during the course of the project. With this being a design
build project this becomes even more of an issue. Unlike with a traditional design-bid
build project where they have years for investigation and design, the desigrebuild t
only has a handful of months to identify all the potential problems they may encounter
This creates a ripe situation for Supplemental Agreements.

In regards to float within the schedule the department indicates that “§-loatt i
for the exclusive use or benefit of either the Department or the Contracter. Tim
extensions for damages or delays will be granted only to the extent thatjirsereents
to the affected activities exceed the total float time along he affediedfide base

schedule current at the time of delay.”

Design Build Aspect

There are many definitions out in literature for design-build but Oberlandes put i
well with his description in his book Project Management for Engineering and
Construction when he says “The DB method of project delivery is a two-party

11



arrangement, involving the owner and the DB company. A contract is signed between the
owner and the DB firm to perform both design and construction services. All design,
including construction drawings are done by the DB contractor. All constructitmmes

by the DB contractor although the DB contractor may hire one or many subaoanstract

With the main advantage being early completion date by overlapping the desitpe and
construction. (Oberlander 76) Figure 1 shows a time saving of 33 months using DB

compared to DBB for the Hathaway Bridge.

FDOT DISTRICT 3 Vorths
HATHAWAY BRIDGE PROJECT T T T T T T T T I

I;ESIGN C=OI:ISL:LTAI:IT COI:ITR:AC:I':I\:G [J6 MONTHS

DESIGN 24 MONITHS

CONSTRUCTION CONTRACTING ﬁls
CONSTRUCTION k2 MONTHS

HATHAWAY BRIDGE - FAST TRACK DESIGN / BUILD

=3/
PD&E & DESIGN / BUILD CRITERIA DEVELOPMENT [+ MONTHS
JA——vj
DESIGN/ BUILD CONTRACTING 5 MONTHB
DESIGN & CONSTRUCTION 36 MONTHS
OVERALL TIME SAVINGS =38 MONTHS
Early Bar DESIGN /BID / BULD
A F:oess Bar TYPICAL PROCESS
A— . Ciiica ctivty HATHAWAY BRIDGE
) FAST TRACK DESIGN / BUILD PROCESS
© Primavera Systems, Inc.

Figure 1 — Design-Build vs Design Bid Build

This project is a perfect example of this partnership. Granite Constructioh out
California is the prime contractor and they partnered with HNTB to be the Isaphde
firm. This partnership of Granite and HNTD does not come as a surprise as both have
worked together successfully in the past. Rizzani De Eccer is the maige lsontractor
as they have specialized expertise is constructing segmentalsbaitigeer the world.
QORE Property Sciences is the geotechnical consultant for the project.

One interesting item the Granite team added in their proposal about tipe- desi

build experience was “Our team members embrace this project delivdrgdvaatd

12



benefit from its advantages. Our discussions on constructability, choice of equipment,
erection methods, sequencing, and choice of foundations and superstructure, were all
made by the TEAM as a unit. Several meetings that included constructiom, @eslg
CEIl team members have taken place to get valuable input from each perspedive. Thi
has resulted in the most efficient approach in this Design/Build proces$”){Ris
statement makes it clear this team enjoys the flexibility that Bval The fact that they
capitalized the word team shows the true nature of what DB is all about. During the
duration of the project all parties on the DB team were located in traileestoltise
jobsite where they had an open door policy for all involved. This helped foster a close
relationship between the members and allowed everyone to have input in making
decisions.

For superstructure design on a segmental bridge like this one DB gives the
engineer lots of leeway with his design. Many projects that use seginedtgs are
using DB because of this fact. The design and placement of the tendons in the bridge is
the real reason why. It offers the designers the ability to play around witlesiign and
see what configuration is best suited for this particular bridge. What theyabkrto do
mainly for the FDOT reviews was take a segment that was cast ancagsesmall
model to see how a certain tendon design would work in practice compared to the
theoretical values calculated, like the elongation of the strands. They took a tendon and
put it through the segment and then tensioned it to see how much elongation was

observed in the casting yard.

History of Hathaway Bridge

The First Hathaway Bridge was built in 1929 and was originally known as.the St
Andrews Bay Bridge. It was later renamed The Hathaway Baftge Franz Hathaway,
who was Chairman of Florida’s State Road Department, the predecessor tritiee Fl
Department of Transportation (FDOT). For its time the St. Andrews Bridgeaw
remarkable achievement in engineering. It utilized 16 Parker throughspass that

were 160 to 225 feet in length and 31 to 38 feet high with a 20 foot-wide roadway. To

13



accommodate shipping traffic the bridge encompassed a 200 foot long Warren through-

truss “swing span” that would open and close as needed. (Bridgepros)

&

By
,1
v R .

P L

Figure 2 -Hathaway Bridge 1929

By the mid 1950'’s the Bridge was becoming functionally obsolete and
structurally deficient. So in 1960 the second Hathaway Bridge was opened to the public,
this new bridge was more than three times wider than the original with double the
number of lanes on a 62 foot wide roadway, four 13-foot lanes with two in each direction
of traffic.

However, like many other bridges built in the 1950’s the Hathaway Il Bridge as
its affectionately known was built with a sense of practicality and econlbmgis a
utilitarian structure with three foot outside shoulders, a four foot raised ceetésan, no
pedestrian access, no dedicated bicycle access, and no “refuge lane” fordmoken
vehicles. A small accident or a stalled vehicle could create huge sa#its and bring

traffic to a standstill. (Bridgepros)

62.09'

Existing Hathaway Eridge

Frdl =4
&l o "i-'.] ey

Figure 3 Hathaway Bridge 1960 Figure 4 — Old Hathaway Bridge Width

With the population boom in Florida after 1960 the Hathaway Il would become

obsolete by the 1980'#1 1970, an average 15,600 vehicles were crossing the bridge

14



each day. The number doubled by 1982 and approached 57,000 by 1998 By the late
1990’s after many failed efforts to alleviate the traffic with trollagd ferry boats,

Panama City wanted to attach a bicycle and pedestrian structure to thebotiddesn

the price tag jumped $3 million to $8 million dollars the idea was dropped. So in 1997
the Bay County Bridge Authority, the Panama City Metropolitan Planningn@agéon

and the Bay County Tourist Development Council all voted to support the construction of
a new bridge. In 1999 the third Hathaway Bridge came to life as the Fldatia S
Legislature appropriated over $80 million dollars for the construction of the nevebridg

By 2020 an estimated 97,700 vehicles will be using the bridge daily.(Bridgepros)
The New Bridges

The new Hathaway Bridge consists of twin, 80-ft-wide segmental corboete
girders. These precast, single-cell bridges have haunched main spans of 330 ft wit
shorter (approximately 200-ft), constant-depth approach spans. The new bridge is
actually two bridges, which will both carry three lanes of traffic, one auyilane and
one pedestrian/bicycle lane in a single direction. The new bridges will beustiittgrth
of the existing bridge and within existing state right-of-way. No additiorgdgsty was

required for the new bridges, and environmental impacts would be minimal.

BO.0417 : BO.0417
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B’ 10 12 12 12 128 10 10 12 12 12

L__ﬂk ® | X ¥ - | ' 12 10 :IT_E-_!
u J N,
ﬁ\ New Bridge \\\\h—*—_;—_//

Wastbound bridgs Easibowund bridge

Figure 5 — New Bridge Alignment

Two separate bridges, each consisting of an 80-foot wide bridge deck
Four 12-foot wide lanes of traffic in each direction
10-foot inside and outside shoulders
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8-foot lane for pedestrian/bicycle traffic on the outer edge, separatedréibio t
by a concrete “Jersey style” barrier

One lane in each direction to be used as a auxiliary lane, providing a “rafigje |
for disabled vehicles

Total Bridge Length: approximately 3800 feet

Vertical Navigational Clearance: 65 feet (meets minimum navigationgththieir

the Intercoastal Waterway)

Design Process

The first step the preliminary design team had to develop was the alignment and
profile of the bridge. This was developed electronically within an electrghtof-way
limit provided by the design surveyor. This alignment and profile was then usedhe lay
bridge out and achieve required vertical clearances. Early on when the design team
decided that both bridges would be put on the north side of the existing bridge they knew
that they would have tight control requirements. Once the Granite reamadhbye
would be very close to the project right-of-way limit they hired DRMP, who had
performed the original survey for the FDOT to confirm that they were trwidigin the
ROW limits. And in fact they were.

Given the nature of the Design/Build approach, the Granite team had freedom
with the design that allowed for much flexibility. They poured over numerous options
that included asking the coast guard if they could use a shorter channel span, and also
contemplated constructing just one combined bridge.

Once the alignment had been finalized they had a clearly defined desigrsproces
that would require the development of geotechnical and scour assumptions that were used
to design a preliminary foundation system for the bridge that could be quantified.
Simultaneously, superstructure designs using different span lengths wel@péd so
they too could be quantified. To find the best combination of superstructure and
substructure design both elements were looked at iteratively. The solutions ¢gme desi
team came up with were then sent to the construction side of the team for input and

modification.
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This phase of the Design/Build process is why many believe it has huge
advantages over the traditional design-bid-build methodology. As this is whendhere ¢
be a free flowing exchange of ideas about the planning and design between both those on

the construction side as well as the design.

Design Options/Alternatives Considered

The only parameters given to the Granite team restricted its uselajistiers so
they considered many different concrete solutions but focused mainly on segmental
boxes and girders. Based on span length, aesthetics, and erection several vafriations
each choice was considered. Early on in the process the team decided that aticombina
of both girders and boxes would not be aesthetically pleasing to the public so they turned
their attention to the segmental box solution.

For the foundation system for the bridge much research and investigation went
into evaluating alternatives. Shaft foundations were cost prohibitive for the soil
conditions at the site and steel piles while a good engineering solution were not
economical, so they were both ruled out. So they swayed towards the pre-stressed
concrete piles, which there were many options.

Again with this being a DB project the team wanted to utilize this freedom a
come up with a unique solution for the pre-stressed piles. Granite is based in @aliforni
S0 it comes as no surprise that they found the answer to their problem in their own back
yard. Because California’s seismic requirements are extremaligtigstthey only allow
a certain type of pile. One type they do allow are pre-cast cylinder lpdeare similar to
standard square piles and are cast using long-line methods. They are 60 inches in
diameter and the Granite team found a manufacturer in Tampa, FI who can produce the

to the required lengths for the foundation without any splicing whatsoever.
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Hathaway Bridge,
Panama City, FL

Piling Casting Yard

Tampa, FL

Figure 6 — Location of Pile Casting Yard

These piles will become one of the highlights of the project. Because ofitieeir s
it will reduce the number of piles that have to be driven by a substantial number.
According to Tony there is only two known hammers in the world that can drive these
massive piles and one was shipped in from South Korea. The hammer is called the Bruce

SGH 3013 as seen in the picture below.
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Figure 7 — Bruce SGH 3013 Pile Driving Hammer

Final Bridge Alignment

After pouring over the analysis the team felt their alignment forubstsicture
and superstructure met all project criteria. The superstructure would be éAacagir
segmental single-cell box girders, each carrying one direction otteaffl supported by
a single column per shaft. To minimize the width of the bottom slab each box girder has
two sloped sides. The superstructure is 18 feet deep at the piers of the long spans, and
tapers parobolically to 10 feet deep at the midspans. There are seven haunched 330 foot
spans over the waterway that transition gracefully to 266.67 feet and to a cdeptant
of 203.33 foot spans near each shore.

To minimize the number of expansion joints and eliminate odd length expansion
joints in the middle of the crossing the individual box girder superstructures are
constructed as one continuous unit from end to end. Because expansion joints are a major
maintenance issue with any bridge reducing them will save much in mairgecasis
for the structure.

To check the transverse and longitudinal effects on the single-cell box cross

sections the design team performed a slew of analysis. First, the te&namatysis was
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performed using influence surfaces and independently checked. This showed that the
cantilever wings controlled the amount and location of transverse post-tensioning
required in the top slab. Furthermore, they performed a 3-D Finite Elemendiarsaly
verification and this confirmed that the live load moments originally cakuailaere
conservative. These were retained as the design values. At the cantilevépsvargl at
mid-span between the webs there was only 0.01 ft of slab deflection under dead load,
barrier, post tensioning, and future wearing surface loads. There was no catesidera
bending and live load deflections of the cantilever and slab were well within the
allowable deflections under the LRFD code.

The Granite team was not very surprised by the results of the analymis®diis
cross section had previously been used in Switzerland on the Felsenau Bridgesddes
by world renowned bridge designer Christian Menn. The bridge built in 1978 is very
similar to Granites design. It spanned 512 feet, was 86 feet wide and utilized 25 foot
cantilever wings that were 1’-9.5” thick at the web. The Hathaway Bridgigial has 18
foot cantilevers that are 1’-8” thick at the web. The ratio of these showetth¢hat
Hathaway wings were much stiffer than those of the Felsenau. Talkingrto tfie team
learned the only concern he had about the bridge was the construction method used,
which called for the long cantilever wings to be cast after the box sectioerecisd.

This created areas of possible high horizontal shear stresses at the johittanaterior

web and slabs. Additionally, the team had to consider stresses during handling and
storage. They determined they would not double stack the segments and that the utmost
care would be taken to insure that the 3 point stacking system used is sufficiemetd pre
racking.

Many cantilever constructed segmental bridges in the U.S. use this longitudi
system. By using only top slab cantilever and bottom slab continuity tendons the pier
diaphragm design becomes much simpler as no tendons anchor in these diaphragms.
Therefore, they must only resist torsion and bearing forces which reduceguired
thickness and simplifies the reinforcing. Also, by not anchoring the tendons in the
diaphragm face they eliminate the chances of unsightly cracking assowi#t this. All
future post tensioning tendons will be anchored at blocks in the span instead of the pier

diaphragms.
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HNTB carried out the longitudinal analysis using its own computer program
designed for time-dependent analyses of segmental and cable stayestriidiis
program is one of only a handful known that is capable of 3D modeling of segmental
structures allowing accurate time dependent effects of torsion and post temsioaito
girder curvature. The results on the preliminary longitudinal analysis shbaefbt a
large precast concrete bridge the required post tensioning was somewdst typi

To efficiently capture stresses induced at the pier segments due to thiedthun
soffit, the 18 foot pier segments utilize a “V” shaped diaphragm opening, while the
constant depth pier segments and abutment segments have an “A” shaped opening.
Stresses induced from the diaphragm because of torsion and bearing offset fnahshe
are carried with post tensioning.

One problem foreseen by the team with the alignment was that the wings of the
new bridge would encroach on the existing bridge as you approach the east shore. To deal
with this they proposed that in this area the ends of the wings of the new bridge would be
cast short and ungrouted transverse tendons would be placed so the segments that do
encroach may be placed. The temporary tendons will be eventually replaced by
permanent, full width, grouted transverse tendons once the first span of thegexisti
bridge is removed.

For the piers of the structure the Granite team wanted a design that would be
graceful yet functional and easy to construct. They proposed typical box piees wi
flare at the top to pick up the soffit of the superstructure. The piers are segmdntal a
reinforced with mild steel using grouted couplers for longitudinal reinforcidgias that
conform to LRFD provisions for hollow box piers. To ensure each segments fits the next
they were matched cast, something the Granite team had prior expentgneoe fadison
Bridge in South Florida. All of the pier caps were cast with transverse pegirigng to
efficiently transfer loads to the box piers. They will be cast in place whithallew
construction tolerances in pier construction to be removed.

The team decided the bearings would be standard pot bearings designed for the
full range of forces and movements. All are expansion bearings with theierogfihe
four piers nearest the channel for each bridge which will have fixed POT lsedring

expansion joints were proposed as modular joints over finger joints for various reasons.
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One being that many cyclists are expected to use the bridge daily and traveling ove
finger joints on the shoulder or in the travel lane is uncomfortable for motorsyafidt
dangerous for bicycles with thin tires. While the compromise of using a covemaat
contemplated the team felt this was not sufficient and could lead to unacceptable nois
levels if traffic strikes the plate repeatedly. Moreover, modular joints prdatier
drainage than a large finger joint would. The expansion joints that were proposed are
state of the art and the best available to the department.
Now that the decision was final that both new bridges would be located to the
North of the existing bridge, locating the abutments for the westbound bridge beecame
critical issue. What the team wanted to do was somehow eliminate a spam ene¢at
the westbound bridge. To do this in a unique way they took a concept used in Glenwood
Canyon, Colorado. In this project the architect required the cantilevers ofdgesbe
maintained at the ends of the bridges by the use of MSE like retaining walls and that
abutment seats be only wide enough to accept the soffit of the bridges. The Beamite
took these concepts and modified them for the westbound bridge. On the north end of the
bridge the approach slab mimics the cantilever of the box girder and is tssig\erst
tensioned to carry traffic like the box. The approach slab rests on a wall tledt stk
into the fill using MSE wall straps. This idea was taken from the common prattice
using tiebacks on abutments that do not have battered piles. The wall then tapers outward
and the cantilever reduces until a standard MSE wall can be used. By doing tlaiteg cre
an aesthetically pleasing view from the water when coming from the north.thAis
allows for pedestrians to pass around the abutment at the east end of the westbound
bridge. All backwalls of the abutments are tied back and cantilevered from the abutme
seats which allows for simple phased construction given that no piling need to ket phase
The foundations at the piers join the two bridges. All piers use the 60” diameter
concrete cylinder piles except two: pier 2 westbound and pier 14 westbound are
constructed from land and will use 24” precast pre-stressed concrete squatel pii
piling timeline for the bridge is laid out below.
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Figure 8 — Initial Pile Driving Schedule

Structural loading and not vessel collision governed the design of these
foundations because of the fact the piers are joined. Because of the deep water the
foundations are somewhat flexible and with the twin box girders being very stiffrdee
from impact is transmitted to other piers through the superstructure.

Using the 100 year scour condition loads were developed at each pier for input in
the Florida Pier program to analyze each foundation. Capacity was cheulgd us
strength load conditions and stresses in each pile were checked under ap@ivadde s
load conditions. For each load case the results were plotted on an interaction diagjram

found to be adequate with a large margin of safety for each assumed piiearean
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CHAPTER 3
METHODOLOGY

Methodology Overview

The first objective in developing this thesis was to research what tectesotoul
means are used to perform schedule risk analysis on DB projects being done today. This
was achieved through a broad literature review and interviews with progioeers and
project managers that have been associated with DB in the past. Through these it wa
clear there are few options for assessing schedule risk on DB projectpdllué this
study was to build upon past research and combine that with new proven practices to
create a global template that a project manager could use on similaofeBtgrAn
actual projects baseline schedule was used to create a smaller gaiticabtwork and a

model of this network was developed using Microsoft excel for simulation purposes.

Industry Needs

From the review of literature it was clear that there are many formsjetcpr
control that have been implemented on DB projects, however there is no industry
standard for assessing risk on DB schedules. Only a handful of the largest tionstruc
companies are known to use some form of schedule risk analysis on their propets. (O
and Okmen, 2002) The software available to perform these tasks is expensive and
requires personnel with specialized knowledge to run them. This alone discourages mos
companies from even trying to implement such programs. The goal of this hesearc
project is to devise an easy to use model that does not require expert knowledge to use

and also be appealing to project managers working on similar projects.
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Formulating New Ideas & Methods

With the DB project delivery system there is a schedule that does not just have
construction activities but also design activities incorporated into it. For #gemehere
becomes a high degree of uncertainty in the schedule because of the nature ofjthe desi
activities. When there are multiple possible critical paths in a scheduleinbec
difficult to manage and follow. To model this situation logic will be integratadg
probabilistic and conditional branching. From all the available research imeldishfere
is no set standard for how to incorporate logic in a simulation setting. In @ztas a
Okmen'’s research (2004) they developed a risk factor matrix where eveity &etd an
equal amount of risk associated with it based on nine risk factors they developed. They
then applied different probability distributions to each risk factor. However sthiery
subjective to who is making the decisions on the percentages of the risk faceashor
activity. Furthermore, like every other study research all the relatmnshithe schedule

were finish to start which makes for easy implementation in simulation.

Obtaining Project Documents

The initial steps of the research required that project documents be obtained for a
recently completed or ongoing DB project in the region. Through RS&H two original
baseline schedules were acquired along with a set of plans and the contrachéer the
Hathaway Bridge in Panama City, Florida that was recently completedredbest for
proposal that the team handed over in its bid to win the project was also reviewed and
included in the scope of the study. All of these documents were essential for the study

be completed in a sound manner.

Critical Path

First and most important part of any construction schedule is identifying the
critical path of the project. This is the locomotive of a construction schedule aed dri

everything else. With the two schedules that were obtained it is difficultke md a
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clear critical path because of the summary activities and some of theceelags the
scheduler included. The first schedule was made on August 1, 2000, two days prior to the
notice to proceed date of August 3, 2000. The first update to the schedule was produced
almost three months after the initial on October 28, 2000. Because the preliminary
schedule had to be produced with such haste and less concern for accuracyeiamas cl

that the first update to the schedule would give a more accurate represeuit#tie

critical path of the project.

Identify Critical Path

Baseline Schedules

A 4

\ 4

Detailed Precedence
Analysis

Analyzing
Data

A 4

Float Relationships

A

Figure 9 — Critical Path Identification Procedure

The project in its entirety consisted of just over 300 individual activities. Based on
practical experience using Monte Carlo schedule analysis it is saigvbenecbetween
50 to 200 activities is a reasonable number to analyze.(Verschoor 2005) So in order to get
a clearer picture of the critical path a smaller sub network of the wholetpngs
created with just activities that are referred to as “near crititsdittes “ or NCA. This
is similar to what Chow and Lin-Hsueh did in their study except they createigleult
sub networks to model the larger network as a whole but their project was much smalle

making it much easier to achieve this. (Chow and Lin-Hsueh 2006)
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These NCA were found by producing what is known as a detailed precedence
analysis using the Primavera Software. A detailed precedence analgsithart showing
each individual activity with their predecessors and successors, giveaia catéria
and can be seen in appendix A. The parameters set to find the NCA for the precedence
analysis were all activities with equal to or less than 7 days of float. Timkeruwvas
determined by examining the floats of all activities and through interviethspersonnel
familiar with the project. It was concluded that this was a sufficient anoddioiat time
to include all NCA for our smaller sub network.

From the precedence analysis it was determined approximately 60 ofititeeact
fit the criteria as NCA. To make an accurate description of the entire setedcilosely
as possible it needed to include 20 activities that were not considered as NCRetib ma
flow in a logical manner. The final critical path schedule consisted of some @@iexti
with 11 of them being designated design activities, which | will explainilatibe
report. | entered this new schedule into Primavera to produce a new deterministic

schedule for the project for later comparison.

Interview & Questionnaire

For the scope of this research to be accurate and precise the input of project
managers and project engineers who have worked with DB in the past was included. Thi
was done through multiple interviews in person and through email contact. InsJangea
Fahmy’s survey “10 Critical Principles for Successful Design-Buildeetsj the number
one conclusion was that all parties involved must understand the DB process. (Jergeas
and Fahmy 2005)

The first matter at hand was to put together an activity duration questionnaire
This provided the backbone for our model and much importance on accuracy was placed
in producing it. The questionnaire asked the respondents to give their most likely,
pessimistic, and optimistic duration for all activities in the criticah gahedule | created.
Below is a snap shot of the questionnaire, and the entire Questionnaire can be seen in
Appendix E.
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Table 1- Activity Duration Questionnaire

Activities Activity Durations

Pessimistic Most Likely Optimistic
107
211
45
45

Furthermore, to get a handle on the DB process a project engineer aotl proje
manager were interviewed about their experience with this project deliysteys
Through in person interviews and email interviews an understanding of DB wad.gaine
Compared with the traditional project delivery methods it allows for much cigatiith
the design. The collaborate effort of all the parties involved suggests thasinibtg lead
design firm but also those from the construction side will have input on the final design.
Those interviewed spoke of DB in a favorable manner. However, this is not always the
case. In the Warne study on the performance of DB projects 76% of the proje&d studi

were completed ahead of the schedule provided by the owner. (Warne 2005)

Excel Model

In order to run simulations on this project schedule a model of the critical path
schedule was made in Excel and is shown in its entirety in appendix H. The first step t
this process was to list all activities in chronological order according tatemfollow
the schedule logic. In the first column naniBdeach activity was given a corresponding
number 1 through 80. The second column lists the name of each activity. In the third
column, C, is a list of the predecessor(s) of each activity. Column D shows the
relationship type that each of the activities has with its predecessor. Tdhimajee
simpler in excel, numerical values were used for the relationships and as yee can s

Finish to Start (FS) corresponds to a 1, Start to Start (SS) corresponds to a 2, &nd Finis
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to Finish (FF) corresponds to a 3. Column E represents the Lag, if any that @eagh act
has with its predecessor. Column G, shows the successor(s) of each indivigitgl acti
The next 3 columns used in the table I, K, and M are all used to illustrate the r@nge th
each activity duration will be subjected to during simulation with pessimmstst likely,
and optimistic durations given accordingly. These are the values found through the

guestionnaires in appendix E. Column O shows the simulated duration value for each

trial run.
Creating Model
in Excel Useful Functions
A4 Y
IF Max/Min viookup
Setting Up Table
4 v y |nputting
Algorithms &
Predecessors Lag Successors Sy

A 4 y

ES-LS-EF-LF Float

Figure 10 — Creating Excel Model

The next four columns of the model Q,S,U, and W represent the Early Start (ES),
Early Finish (EF), Late Start (LS), and Late Finish (LF) respdgtiVe® Calculate these
in excel for the model a couple different functions were utilized. For the ES\ofiest
1, 3, and 4 which had no predecessor the value is 0. For the rest of the activities the ES

start time is calculated using the MAX, IF, and VLOOKUP functions in excel.
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The IF function and the VLOOKUP functions are used in conjunction with each
other to determine what type of relationship each predecessor has withrticatgra
activity and looks up the appropriate column number. Excel first looks up the relationship
type for the first predecessor in column D, ifitis a 1 (FS), it then looks up thaufzartic
predecessor in column S (EF), also column #19 which are the same just excel reads the
columns by numbers instead of letters, and finally adds the lag, column E. If the
relationship type is 2 (SS) it follows a similar process but returns the valoe of t
predecessor in column #17 (ES) and then subtracts the activity duration, column O, and
adds the lag if any to calculate the ES date. If the relationship type is B {6iFows the
exact same process described earlier for the 1 (FS) relationship but ittsutbiea
activity duration of that particular activity whose ES you are looking to findnpoolO,
from the EF of the predecessor and adds the lag to get the ES time. In¢hepath
schedule, activity 14 — Install Indicator Pile as an example. It has twegasxbrs 4 and
13 both with a FS relationship.

Table 2 — Activity 14 Description

Cells A B C D E
ID Activity Predecessor Relationship Lag

22 14 IINSTALL INDICATOR PILE, 60 4 1 0

23 (22EA) 13 1 0

Table 3 — Activity 14 Predecessors

Cells A B S
ID Activity EF

9
4 GEOTECHNICAL INVESTIGATION 119

10

FDOT REVIEW 100% SUBSTRUCTURE
DESIGN 175

21 13

What excel does is in the situation is lookup cells C22 and C23, activities 4 and

13 in the leftmost column of the table labeled ID, and based on the value in relationship
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column does the correct calculation described above which in this case is just the
maximum of the EF times in column 19 (S), and returns the value of 175. For the EF of
all activities other than the twelve designated design activities, the Efodusatound

by simply adding the simulated activity duration, column O, to the ES time, Column 19.

Conditional and Probabilistic Branching

The eleven designated DB activities are those unique to a DB project anddeceive
careful examination. It was found through the research and interviews that specia
attention must be paid to these activities on a DB project. If there are faamme
between the contractor and the designer serious delay to the schedule can occur.
Although Granite and HNTB have worked together successfully in the past withayt m
problems each project is unique and will have its own challenges to overcome. To
account for this extra degree of uncertainty on these particular activiee®ad table
was developed and shown in table . The table lists all 11 of the activities with a
corresponding random number column and a duration column.

In the random number column crystal ball generates a random number from O to 1
using a normal distribution assumption on the cell. This random number will be used for
the probabilistic branching in the model. In Oztas and Okmen’s JRAP model they
employed a similar method to determine the distributions on certain risk fg€@atas
and Okmen, 2004). The duration column generates a random number from 1 to 4, 1 to 7,
1to 14, or 1 to 21 depending on the type of activity, again using a normal distribution
assumption from crystal ball. These numbers will be the amount of delay that oncur

any of these activities if the schedule follows this given path.
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Table 4 — Design Activity Delays

Probability of
Delay Range of

ID Activity Occurring Delay
la | REWORK PRIMARY DESIGN CRITERIA 5% 1d -14d
6a | SUPERSTRUCTURE DESIGN 90% INCOMPLETE 10% 1d - 21d
7a | Redo DESIGN AND SHOP DRAWINGS FOR GANTRY 10% 1d-7d
8a | SUBSTRUCTURE DESIGN 90% INCOMPLETE 10% 1d-7d
1la | FDOT REVIEW 90% SUBSTRUCTURE DESIGN RETURNED 5% 1d - 4d
12a | SUBSTRUCTURE DESIGN 100% INCOMPLETE 5% 1d - 4d
13a | FDOT REVIEW 100% SUBSTRUCTURE DESIGN RETURNED 5% 1d - 4d

FDOT REVIEW 90% SUPERSTRUCTURE DESIGN
16a | RETURNED 5% 1d - 4d
20a | SUPERSTRUCTURE DESIGN 100% RETURNED 5% 1d - 4d
2la | REDO DESIGN AND SHOP DRAWINGS FOR FORMS 10% 1d - 14d

FDOT REVIEW 100% SUPERSTRUCTURE DESIGN
29a | RETURNED 5% 1d - 4d

In figure 10 it shows a snapshot of the schedule around activity 6. This shows
90% of the time the schedule will proceed as normal from activity 1 to 6 to 16, however
in 10% of the trials the schedule will follow the bottom path and the schedule will be
delayed by activity 6a an unknown amount of time. This unknown amount of time will be
determined by the duration column in row 6a of the table. Instead of immediatehgstart
after activity 6, activity 16 is delayed from starting by this random numbdgys. In
this particular case the delay that activity 6a will cause on the netwbrio i1 days.
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Figure 11 — Probabilistic Branching

The other option considered for the probabilistic branching was to use the excel
functions to randomly generate numbers. However, by letting crystal ball getierse
numbers in the same fashion it allows for much better analysis of the results; fdainl
running a scenario analysis as Crystal Ball will record every random ngaberated
over how ever many trials are indicated. This is useful because we are nowsabte t
through the random numbers and examine when each and every time the lower
probability branch hit and also see how many days the delay was on the particular
activity. Furthermore, the total project duration can be observed and conclusions can be
made on weather this extra delay on any given activity is causing ldays dethe end
of the project.
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Figure 12 — Using Crystal Ball

To perform the monte carlo simulation on the model, the excel a@uystal
Ball was used. The program allows the user to perform thousands of simulations within a
matter a minutes. Becau€eystal Ballruns alongside excel it does not overwrite or
change any of the algorithms already in place in the m@agstal Ballwas chosen over
another Excel add-o@RISK by Palisideqrimarily because it offered much more in
terms of usability and it output capabilities. Oztas and OkmenQsestial Ballfor their
simulations of a building project that was completed in Turkey with good results,
however their project was much smaller in size and different in nature and they
determined their own risk factors from review of documents that would be applied in the
model. (Oztas and Okmen 2004)

The first step in working with this program was to do what is called “define
assumptions”. In this case the “assumptions” are the activity durations in column O
Crystal Ballallows the user to use many different kinds of statistical distributions for

these assumption; however only the triangular distribution are used in this médel. Li
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stated earlier columns |, K, and M are the values that are used to calculatnthdar
distribution. This distribution has widely been used in construction industry because of it
more non-conservative approach, with the thought in mind that many of the actiulities w
take on a more optimistic view. (Verschoor 2005) Column K durations are the most

likely duration according the scheduler who scheduled the project, Columns | and K, the
pessimistic and optimistic durations respectively that were compiledgtinrou

guestionnaires mentioned above. As you can see in figure 12 below the program makes it

very simple to define these assumptions with the graphical interface.

|
&

M amne: |GEEITEEHNIE.5.LINVESTIG.&TIDN

Tnangular Distribution
.
£
m
i)
o
(L
102 105 108 111 114 My 120 123 126 129 132 135
Minirmurn |10 = Likeliest [122 = b airnurn 125 =

Figure 13 — Triangular Distribution

Once the assumptions have been defin&tiystal Ball the next process is to
“define a forecast”. Defining a forecast means to indicate to the proghaéch values or
cells in the program to record the statistical data for the course of thasimulns.
The key forecast in our model is the total project duration. At any time during the
simulations we can see any number of statistical data from that cetlimgi mean,
median, mode, variance, std deviation, minimum, maximum, skewness, etc. As
mentioned above all the EF date cells for the design activities are atesi@s forecasts

along with the total project duration.
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The column labeled critical path also has all the cells designated tsréldais
was done to record the amount of times each activity fell on the critical path. Gwee of t
parameters set for this particular columns forecasts is that its mearll ¢tverans is
automatically recorded in the column to the right. Because the crititatplumn can
only be a 1 or 0, the number generated will a decimal which corresponds to the
percentage of time an activity was on the critical path.

Crystal Ball has built in sensitivity analysis that was used to deterthe
activities sensitivity to the project duration. A tornado chart which is similaature to a
sensitivity graph was produced to show how each individual activity affecisdfeet
duration independently of the other activities. Furthermore, correlation charts ar
produced to show the correlation of each activity to the project duration. Finally, a
bootstrap analysis was performed to check the accuracy of the statistizsmodel.

Monte Carlo Simulation

Monte Carlo simulation has been around for some number of years for cost
engineering and estimating. However, with the advancement of computerrsoftwa
schedule risk analysis is becoming more common. Instead of having one dstezmini
project duration, the simulation gives a probabilistic range of durations foedide.
However, it is important to realize that schedules are only dynamic pnogetetls and
the logic necessary to achieve a schedule can change significantly. Rsbbalnid
conditional branching are two additional methods that can be included to try and simulate
guantum changes to the schedule when uncertain events occur (Verschoor 2005). This
inclined the probabilistic and conditional branching for the designated desigtiestivi
to be incorporated. While these can help model some of the variations to the logic, it is
impossible to simulate all the combinations of different execution plans that caedbe
such as the ability to alter the work shift, work on parallel fronts, or change itee ent

execution.(Verschoor 2005)
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Limitations with SS and FF Relationships

There are some limitations to running the monte carlo schedule analysis @n this
any DB schedule. Because of the fact the schedule has many startaadfarish to
finish relationships some results may be skewed. To counter this some e8br et
schedule must be changed in order to accomplish our task. The end goal of determining
probabilistic project duration however will not be affected. The skewed resliishow
up in the float on certain activities that have the SS or FF relationship. The options for
getting around this problem are either change the schedule by adding diseyme
activities to achieve a FS relationship between all activities or thés change the
algorithm in our excel model where this particular situation occurs.. By doing igis it
possible to carry out the simulations while still maintaining the integriti@&chedule.
Below is an example of this affect with the FF logic. In the schedule th&isnh occurs
with activities 32 & 34. With a single duration deterministic schedule the Fé&-wagks
fine, however when the ranges to the durations of the activities are introduced it ends up
with the successor activity having a earlier starting date than dsgessor. In figure
below we can see if a predecessor with FF relationship takes on an optimasticrdur
and the successor takes on a pessimistic duration there can be an invalid starting da
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Single Deterministic Duration

| 227
32 - Rebar Superstructure

FF Logic

34 - Cast WB Pier Segments | 194

_T_

Duration Ranges

Minimum Most Likely Maximum
2oo| | 227 | |270
126| | 194 | |252

Invalid Start Date Occurs

32 - Rebar Superstructure 200

FF Logic

34 - Cast WB Pier Segments i

_T_

Starts 52 days before predecessor

Figure 14 — Limitations with SS Relationships

To adjust for this in the algorithm in excel, an argument was included that stated

if the maximum EF of the two predecessors of activity 34 is less than the staot da

activity 32 (Rebar Superstructure), than the ES date of activity 34 will bertteeasathe

ES date of 32 so not to have an invalid starting date.
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CHAPTER 4
ANALYSIS

Project Duration Simulation Results

For the first set of assumptions 1000 simulation runs with Crystal Ball were
perfomred and the resulting frequency graph of the project duration is shown below. The
middle line is the mean duration of 1074 days. The other two vertical lines on each side
are the 5% and 95% confidence interval lines, 1028 days and 1146 days respectively.
This shows the minimum number of days for the total project duration to be 993 days and

the maximum to be 1234 days.
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Figure 15 — Simulation of Project Duration
This gives an accurate depiction of the how we might expect this projecyto pla
out if it was built 1000 times. The Granite team’s proposal for this job was 1065 days and
a guaranteed finish date of August 1,2003, which is in the ballpark of the expected
duration according to this model. This date was set barring any supplemeetshagts
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and time extensions that might occur during the course of the project. Although it can
never be certain unless the scheduler was spoken to directly, it is safe to asglime he

his values were very conservative and that 1065 days could be obtained. He also had to
keep in mind that the FDOT would not accept a bid higher than 1225 days for this
project. This was stated in the contract terms and Granite could use thisliag dare

their bids. According to our model 1065 days duration will only be achieved less than
50% of the time and most companies do not like to take that kind of risk on large projects
and have the possibility of taking on liquidated damages. However, they also must take
into account that others are bidding for this same project and if they don’t lowball the
competitors they might not have received the job. Most companies like to bid in the 90%
to 95% confidence interval to eliminate the possibility of liquidated damages. Thee bid t
achieve that would have to be between 1129 days and 1146 days according to the results
of the simulation. Looking at the deterministic critical path scheduld tmaated the

project end date would be October 23, 2003. Again this is without any time extensions to
the contract which are almost inevitable on a project of this magnitude and nature.

The actual end date for the project is in somewhat of a gray area becthese of
bridge demolition. The actual bridge construction was finished in January 2004, however
the bridge demolition took longer than expected and was not completed until May 2004.

Over the course of multiple interviews with Tony Manos and Jack Elliot | leecam
aware of the numerous delays that occurred on the project. Some were thirtgs that t
team would have no control over and others were typical problems experienced on large
projects like this. The main issue that the team would have no control over is the
environmental issues with the Florida Fish and Wildlife which are discussed more a
length later in this paper.

The Granite team also wanted to lowball the competitors with their lump sum bid.
In Tom Warne and Associates LLC study (2005) of performance on DB comyacti
which included the Hathaway Bridge, they state that the engineers edtmttis job
was $85 million but they bid only $82 million. This might not seem logical but when
speaking with Tony Manos he says this was done because the Granite team took into
account the steel that could be recycled and sold. According to the Warne study the

project ended up costing $84 million dollars and this coincides with what Tony recited
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that the Granite team barely broke even, as they sold about $2 million dollars worth of

steel to do so.

Sensitivity Analysis

To get a better understanding of what activities are either ‘making langtahe
project a sensitivity analysis was conducted on the project duration. Whedl Gatbt
does is look at the assumptions in the model, in this case the activity durations, and
determines which ones are influencing the selected forecast (projecbmiutia¢ most or
the least. Without Crystal Ball this would be a time consuming task for a motedavit
many formulas. As you can see in figure the activity Complete EB Bhidg¢he
highest contribution to the variance at just over 18% followed by Cast WB Cantileve
Segments at over 12% and Superstructure Design ninety percent comes in tthird wit
7.5%.

1.auu | rnials Lantnoutian to Y anance Yigw

Sensitivity: Project Duration

0.0% 10.0%: 20.0%

CAST WB CANTILEVER SEGMENTS 12.4%
SUPERSTRUCTURE DES 90% 7.a%
TRANELL GAMTRY TO EASTBOUMD... 2.9%

CL % FINISH h

Figure 16 — Sensitivity to Project Duration

This sensitivity chart shows the activities that most contribute to thenearin
the project duration. The Contribution to variance method is only an approximation and is
not precisely a variance decomposition. Crystal Ball calculates cornltotvariance

by squaring the rank correlation coefficients and normalizing them to 1009. Wiim
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positive contributions have bars on the right of the zero line on the chart and reflect a
direct relationship between the item and the target forecast. Iltems withvaegat
contributions have bars on the left of the zero line and reflect an inverse relg@ionshi
between the item and the target forecast. Alternately, Crystal Balilatds sensitivity
by computing rank correlation coefficients between every assumption and eesgstor
while the simulation is running. Rank correlations are computed by replasingison
values with their ranking from lowest value to highest value using the integers 1 to N
prior to computing the correlation coefficient. Positive coefficients ineittaat an
increase in the assumption is associated with an increase in the forecasteNeg
coefficients imply the opposite situation. The larger the absolute value of te&atorr
coefficient, the stronger the relationship. Crystal Ball also computes tietation
coefficients between all pairs of forecasts while the simulation is running.

However when only a small number of simulations is run i.e. 10 or less there can
be some limitations. Because the sensitivity calculation relies on rarfatmm, a slight
loss of information occurs when the assumption or forecast values are replaced by ranks
This loss of information is generally offset by the advantage of beingabledsure
sensitivity between dissimilar types of distributions. However, when a pemgentage
of assumption or forecast values are very similar or identical, this loss ahatfon
grows and can significantly distort the calculation of correlations. Ah@ftiata from the
sensitivity analysis can be seen below in Table

Table 5 — Sensitivity Analysis Data

Sensitivity: Project Duration

Contribution To
Assumptions Variance RankCorrelation
COMPLETE EB BRIDGE 0.18 0.24
CAST WB CANITILEVER SEGMENTS 0.12 0.20
SUPERSTRUCTURE DESIGN 90% 0.08 0.15
TRAVELL GANTRY TO EASTBOUND BRIDGE 0.06 0.14
CL V FINISH 0.06 0.13
DISMANTLE GANTRY 0.03 -0.09
SUPERSTRUCTURE DES 100% 0.02 0.09
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Table 5 Continued — Sensitivity Analysis Data
Contribution To

Assumptions Variance RankCorrelation
GEOTECHNICAL INVESTIGATION 0.02 -0.09
STABILIZATION PHASE 4 0.02 0.08
BASE COURSE PHASE 4 0.02 0.08
ERECT SPAN 12 FALSEWORK AND CLOSE 0.02 0.08
EMBANKMENT PHASE 4 0.02 0.07
ERECT EB CANTILVER PIER 3 0.01 0.07
Duration 16a 0.01 0.07
Random #6a 0.01 0.07
ERECT EB CANTILVER PIER 9 0.01 0.07
FDOT REVIEW 100% SUBSTRUCTURE
DESIGN 0.01 0.06
ERECT EB CANTILVER PIER 6 0.01 0.06
Fabricate Major Var. Segment Mold (2) 0.01 -0.06
SHIPMENT OF GANTRY 0.01 0.06
ERECT EB CANTILVER PIER 11 0.01 -0.06
ERECT WB CANTILVER PIER 6 0.01 0.05
Duration 11a 0.01 -0.05
Other 0.19

Combing over the results it comes as no surprise that the activities thatuentri
most to the variance of the project duration are those with large durations and a high
degree of uncertainty. Complete EB Bridge is the last major activity aitloal path
before the project completion so this becomes extremely important andveetosihie
entire duration. This is activity 73 out of 80 and the only activity with more than 15 days
in duration is activity 79 Class V Finish with 44 days, and this too is was not far behind at
fourth in our rank correlation.

Casting the WB Cantilever segments has the highest uncertainty ouivétiesc
in the schedule. For this particular model it had 142 days of uncertainty, with astiptimi
duration of 167 days and a pessimistic duration of 309 days. When speaking with Tony
and Jack about casting the cantilever segments it was clear that this whpoteatial
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problem areas that was addressed prior to the project. First of all thensedand to be
match cast which meant after one segment was cast it would now be used @ata tem
for the next segment to be cast. Figure 16 shows a WB cantilever segment dteimg m
cast to the previous one.

Figure 17 - Match Casting WB Cantilever Segment

After the segments were cast they had to be handled with meticulous care and
transferred to the curing yard and the only way to move these massive segnsdiots wa
use what was the “The Big Deal”. It was named this for its huge size aondrtipany
that built it, Deal. This was the only piece of equipment capable of moving the segments
to the curing yard and finally to the barge so they could be shipped to the jobsite. This
experienced hydraulic issues on two separate occasions and could not work for a week in
both instances. This in turn shut down operations in the casting yard for the same time
period. Furthermore, according to Tony they had one incident where the gantiy actua
dropped a segment while transporting it from the casting yard to the curing gerd. T
caused the segment to crack which meant it would have to be recast. This would cause
some substantial delay as the previous segment would have to be taken back from the
curing yard to the casting yard so this segment could be match cast once again. This
confirms our sensitivity results as this activity is highly volatile and prodtiem
Although the Granite team has many years of experience with this sort of wenk, e

project is unique and the uncertainty for these types of activities remairasithe Ehe
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best the team could do was be prepared for the unexpected and account for this in the pre-

project planning which they did.

Figure 18 — Casting Yard ‘Big’ Deal Gantry

Tornado Graph

The tornado chart is a tool built into Crystal Ball that measures the imipaath
model variable one at a time on a target forecast. This method differs from the
correlation-based method built into Crystal Ball in that this tool testsasstimption,
decision variable, precedent, or cell independently. While analyzing one eatlabtool
freezes the other variables at their base values. This measures thefeféat variable
on the forecast cell while removing the effects of the other variables. Tthedne also
known as “one-at-a-time perturbation” or “parametric analysis.”

The tornado chart tests the range of each variable at percentiles giby spe
then calculates the value of the forecast at each point. The tornado chaatétutite
swing between the maximum and minimum forecast values for each variable. The
variable that causes the largest swing appears at the top and the vaatatdeiskes the
smallest swing appears at the bottom. The upper variables have the most effect on t
forecast, and the lower variables have the least effect on the forechstcase of this

model the target forecast is the project duration with the top x-axis being geeafan
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expected project durations. The assumptions or activities in the model are shown along
the y-axis on the left.
For variables that have a positive effect on the forecast, the upside ofiflidevar
is to the right of the base case (the initial value in the cell before runmirsgntiulation)
and the downside of the variable is to the left side of the base case. For vénables

have a reverse relationship with the forecast, the bars are reversed.
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Figure 19 — Tornado Chart
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When a variable’s relationship with the forecast is not Btricicreasing or

decreasing, it is called non-monotonic. In other words, if the minimumMmaximum

values of the forecast range do not occur at the extreme endpioinéstesting range for

the variable, the variable has a non-monotonic relationship with the forecast.

For this model the 3 activities with the largest range in uaiceyt are again the

most sensitive to the project duration: Cast WB Cantilever seigm&uperstructure

Design 90%, and Rebar Superstructure. The data table below shtvesimput for the

tornado chart. These are the activities that would definitely riebd monitored closely

during the course of the project in an attempt to cut down on the uncertainty in them.

Table 6 — Tornado Chart Data

Project Duration

Input

Base
Variable Downside | Upside | Range | Downside [Upside | Case
CAST WB CANITILEVER SEGMENTS 1047 1110 63 167 309 ( 225
SUPERSTRUCTURE DES 90% 1034 1078 44 194 250 ( 218
REBAR SUPERSTRUCTURE 1030 1068 38 214 252 ( 231
COMPLETE EB BRIDGE 1037 1060 24 81 105 91
SUPERSTRUCTURE DES 100% 1034 1058 23 17 45 34
CL V FINISH 1042 1055 13 44 57 49
EMBANKMENT PHASE 4 1044 1052 8 3 11 6
STABILIZATION PHASE 4 1044 1052 8 3 11 6
TRAVELL GANTRY TO EASTBOUND
BRIDGE 1043 1051 7 7 14 10
ERECT SPAN 12 FALSEWORK AND
CLOSE 1043 1050 7 6 13 9
ERECT SPAN 12 FALSEWORK AND
CLOSE 1043 1050 7 6 13 9
ERECT WB PIER 14 CANTILVER(DS) 1045 1049 4 8 12 10
ERECT WB SPAN 15 FW AND
CLOSURE(DS) 1045 1049 6 10 8
ERECT SPAN 1 FALSEWORK 1045 1049 6 10 8
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Table 6 Continued — Tornado Chart Data

Project Duration

Input

Base

Variable Downside | Upside | Range | Downside [Upside | Case

PRIMARY DES CRITERIA 1045 1049 4 12 16 14
ERECT WB CANTILVER PIER 11 1045 1049 3 12 16 14
ERECT WB CANTILVER PIER 10 1045 1049 3 12 16 14
ERECT WB CANTILVER PIER 9 1045 1049 3 12 16 14
ERECT WB CANTILVER PIER 8 1045 1049 3 12 16 14
ERECT WB CANTILVER PIER 7 1045 1049 3 12 16 14
ERECT WB CANTILVER PIER 6 1045 1049 3 12 16 14
ERECT WB CANTILVER PIER 5 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 10 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 9 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 8 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 7 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 6 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 5 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 4 1045 1049 3 12 16 14
ERECT EB CANTILVER PIER 3 1045 1049 3 12 16 14
ERECT WB CANTILVER PIER 13 1046 1049 3 10 13 11
ERECT WB CANTILVER PIER 12 1046 1049 3 10 13 11
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Spider Chart
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Figure 20 — Spider Chart

Figure 19 shows the spider chart which another way of viewing the results of the
tornado chart. This chart illustrates the differences between the minimum zimaumma
forecast values by graphing a curve through all the variable values tégteds with
steep slopes, positive or negative, indicate that those variables have a latgenetie
forecast, while curves that are almost horizontal have little or no effect corédvadt.

The slopes of the lines also indicate whether a positive change in the variable has a
positive or negative effect on the forecast. As before Cast WB CantileveeSisgran
independently cause a drastic increase in the project duration and will need much

attention.
Table 7 — Spider Chart Data
Project Duration
Variable 10.0% 30.0% | 50.0% | 70.0% | 90.0%
CAST WB CANITILEVER SEGMENTS 1047 | 1047 | 1047 [ 1060 | 1110
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Table 7 Continued — Spider Chart Data

Project Duration

Variable 10.0% [30.0% [ 50.0% | 70.0% | 90.0%
REBAR SUPERSTRUCTURE 1030 | 1040 | 1047 1056 | 1068
COMPLETE EB BRIDGE 1037 | 1042 | 1047 1052 | 1060
SUPERSTRUCTURE DES 100% 1034 | 1040 | 1047 1053 | 1058
CL V FINISH 1042 | 1044 | 1047 1050 | 1055
EMBANKMENT PHASE 4 1044 | 1045 1047 ( 1049 | 1052
STABILIZATION PHASE 4 1044 | 1045 1047 ( 1049 | 1052
TRAVELL GANTRY TO EASTBOUND BRIDGE 1043 | 1046 | 1047 1048 | 1051
ERECT SPAN 12 FALSEWORK AND CLOSE 1043 | 1045 1047 1048 | 1050
ERECT SPAN 12 FALSEWORK AND CLOSE 1043 | 1045 1047 1048 | 1050
ERECT WB PIER 14 CANTILVER(DS) 1045 | 1046 | 1047 ( 1048 | 1049
ERECT WB SPAN 15 FW AND CLOSURE(DS) 1045 | 1046 | 1047 ( 1048 | 1049
ERECT SPAN 1 FALSEWORK AND CLOSE 1045 | 1046 | 1047 ( 1048 | 1049
ERECT WB SPAN 1 FW AND CLOSE 1045 | 1046 | 1047 ( 1048 | 1049
PRIMARY DES CRITERIA 1045 1046 | 1047 | 1048 1049
ERECT WB CANTILVER PIER 11 1045 1046 | 1047 | 1048 1049
ERECT WB CANTILVER PIER 10 1045 1046 | 1047 | 1048 1049
ERECT WB CANTILVER PIER 9 1045 1046 | 1047 | 1048 1049

Delay due to Probabilistic Branching

To examine what effects, if any, the delays induced by means of probabilistic

branching had on the project duration a scenario analysis was performed on the mode

Crystal Ball’s built in scenario analysis tool runs a simulation and then sorteaches

all the resulting values of a target forecast with their correspondsognasion values.

The entire results on the 1000 trials for the scenario analysis can be seen inxa@pendi

The results of the scenario analysis were then sorted to see how the delay on any

given activity affected the total project duration. These results can hésksv in table
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8. Activity 12a had the highest average project duration at 1085 days 11 more than the

average project duration for the schedule in general. Activity 21a had the leetsbaffe

the outcome with an average project duration of 1074 days. And although no activity

significantly affected average project duration more than 11 days it igltéeavhen

these delays occurred no average duration finished less than the mean duration for the

whole schedule that was found earlier in the simulation run. This implies that when

problems arise with one of these activities regardless of how long the adayakder

any individual activity the chances the project will finish before the schedntedate

are not very promising.

Table 8 — Average Project Duration when Delays Occur

Average Project
Duration When

ID Activity Activated
la REWORK PRIMARY DESIGN CRITERIA 1075
6a SUPERSTRUCTURE DESIGN 90% INCOMPLETE 1083
7a Redo DESIGN AND SHOP DRAWINGS FOR GANTRY 1081
8a SUBSTRUCTURE DESIGN 90% INCOMPLETE 1075
lla FDOT REVIEW 90% SUBSTRUCTURE DESIGN RETURNED 1083
12a SUBSTRUCTURE DESIGN 100% INCOMPLETE 1085
13a FDOT REVIEW 100% SUBSTRUCTURE DESIGN RETURNED 1080
FDOT REVIEW 90% SUPERSTRUCTURE DESIGN
16a RETURNED 1081
20a SUPERSTRUCTURE DESIGN 100% RETURNED 1083
2la REDO DESIGN AND SHOP DRAWINGS FOR FORMS 1074
FDOT REVIEW 100% SUPERSTRUCTURE DESIGN
29a RETURNED 1081

Reliability of Statistics

To check the accuracy of our statistics in our model a bootstrap analysis is used.

A bootstrap analysis uses the distribution of statistics itself to analyseatistics

accuracy. Bootstrap is a simple technique that estimates the reliabgitguracy of

forecast statistics or other sample data. Classical methods rely omraatiae formulas
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to describe the accuracy of sample statistics. These methods assuime dettibution
of a sample statistic approaches a normal distribution, making the calculatien of t
statistic’s standard error or confidence interval relatively eagyeder, when a
statistic’s sampling distribution is not normally distributed or easily foundgethkassical
methods are difficult to use or are invalid contrast, bootstrapping analyzes sample
statistics empirically by repeatedly sampling the data and cgedistributions of the
different statistics from each sampling The results of the bootstrapsesnalyur model

are shown in the table below

Table 9 — Bootstrap Analysis Data

@ 0O
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Q = o lw) = S o o
5 2 [9) @ 2 o 9, Q :
< o) (%) (7] = m
) @ & 3
(=4 = (@]
o — -
=] <
Project Duration 1079 1076 1056 35 1232 0.61 3.33 0.03 1
Correlations:
Mean 1.000 | 0.725 | 0.102 | 0.394 | 0.394 | 0.085 | 0.119 | 0.345 | 0.394
Median 1.000 | 0.120 | 0.012 | 0.012 | 0.518 | 0.368 | 0.060 | 0.012
Mode 1.000 | 0.026 | 0.026 | 0.053 | 0.002 | 0.023 | 0.026
Standard
Deviation 1.000 | 1.000 | 0.358 | 0.242 | 0.996 | 1.000
Variance 1.000 | 0.358 | 0.242 | 0.996 | 1.000
Skewness 1.000 | 0.670 | 0.385 | 0.358
Kurtosis 1.000 | 0.260 | 0.242
Coeff. of
Variability 1.000 | 0.996
Mean Std. Error 1.000

If the mean standard error or coefficient of variability is very latgestatistic
might not be reliable and might require more samples or more trials. This $tadvesit
model has a relatively low standard error and coefficient of variabilityyestotecast

mean is an accurate estimate of the population mean.
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Unforeseen Delays

One of the initial problems they experienced during the courdeegfrbject that
was driving the 60” piles on the eastern shoreline of the bridgéhéysbegan driving
them they were having difficulties reaching the minimum {igvation and the piles
began to crack. However, the cracks were not below the cutoff elewatoso they
stopped driving and left them as is to investigate what was wiidrg project manager
John Brown went and had some discussions with the geotechnical designer but de refuse
to alter his design calculations saying they were correxbrding to all the data he
collected. To make a point of his side Brown drove one of thed4Hres piles that was
going to be used for the abutment on that shoreline. The pile was stippdse driven
approximately 100 feet but after only 60 feet of driving they redthe required bearing
capacity. The geotechnical designer then went back and recalchiatedmbers and
everything ended up being ok. The reason for this problem per Tony Masathought
to be the waves crashing on this shore over many years comparbd teestern
shoreline which is protected by a jetty that sticks out and dampens the waves.

The next major delay to the project occurred when the Brueelpiting hammer
broke down. Because this hammer is so unique and specialized they couist igoab
another one from a nearby job or order one quickly. The Granitertedl®d over their
only two decisions: have another one shipped from halfway around the worideorthe
parts necessary to make the repair and fix it themselves.dBo&ed the best bet would
be to fix it themselves. This still required parts and matettatse shipped from Europe
and Asia. For reasons related to the terror attacks that hadlyemecurred at the time it
would end up taking over a month for the parts to be shipped in and pasththroug
customs.

The next holdup they experienced was due to the crane gantry thatizhall
of the cantilever segments together. This was also a spedigliece of equipment that
was made just for this project. The fabrication of the gaioiok a little bit longer than
expected according to Tony because they took much diligence ingpaeery piece and

bolt of it together. They did not want any major disasters like dngppisegment or the
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gantry collapsing into the water. Furthermore, when they finished/és¢bound bridge
they replaced every single bolt that held the gantry together as a pyecauti

The bridge demolition would end up being the biggest delay of the pntijext
according to Tony. Because they decided to dynamite the oldtpesrdad to abide by
certain regulations. First the team had holdups because of th@éaHfsh and Wildlife
would not let them begin blasting the old bridge until all the peidhat live in the area
were off mating or gone. Moreover, the representatives from #wEW on hand for the
blasting to make sure no dolphins were in the immediate vicinityifaanay were they
would have to stop at once. Once the blasting was finished theyegelieed to clean up
the bay of all the debris. The state notified the team thapigegs smaller than the size
of a basketball could be left in the water but everything els¢ bmisemoved. Granite
thought that by using the blasting method much of the piers would beystinto very
small pieces. However, this did not go according to plan as thexeelats of pieces that
had to be plucked from the bay using a clam bucket. Once they eet@asvmuch as they
could using the clam bucket they had to send divers down into the twafersh
collecting the remaining debris. Although the bridges were cetely the beginning of
2004 they were still collecting debris from the bay until May 2004.

The last and most unfortunate delays to the project were the déatis of the
workers on the bridge. The first died on December 14, 2002 and the project wa
subsequently shut down for the rest of December while OSHA caaralimvestigated.

Granite and Rizzani de Echer were both fined a combined $49,300 for the accident.

Blue Print 2000 Case Study

To further examine the methodology put forth in this study, it was implemented
on another DB schedule. This schedule was part of Tallahassee’s massiven paltgd
Blue Print 2000. This schedule was for new roadway construction in southern Leon
County on Tram road. The deterministic duration for this project was approxiaate|

days. The frequency charts below show the range of durations for this project.
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Figure 21 — BP 2000 Tram Road Project Duration Simulation
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Figure 22 — BP 2000 Tram Road Statistics
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The results of 1000 simulations show the project has a minimum duration of 894
days and a maximum duration of 973 days. The 95% confidence interval is 951 days and
the 5% confidence interval is 908 days. With only 13 days of variance between the base
case and 95% confidence interval this project does not have the wide range ofnigicertai

as the Hathaway Bridge project which is expected on a more traditiodalaparoject.
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Chapter 6

Conclusions

On large multi year projects like the case study presented in this thssis i
virtually impossible to identify all the associated risks prior to projetiation. There are
just too many variables at work over an extended time period for this to come to happen.
However, with the appropriate amount of time and effort spent on a qualitative
assessment along with a quantitative evaluation like the procedure outlinedstudlyis
these risks can be reduced greatly. Spreadsheet models can be used to establish a
deterministic project end date for any given project. Yet in our case stouay teen
shown that by merely using this as a set date it can be misleading. Bytintetita
Crystal Ball software it allows the project managers to have a rangel afa¢es in mind
and work towards a more realistic goal. The deterministic end date for tineandgt
Bridge according to our model was 1074 days. When the monte carlo simulation was
applied it provided a range from 993 days to 1234 days. This cause of this wide range in
durations is due mainly to a few activities that take much longer to complete thamn other
and thus a higher degree of uncertainty associated with them.

Incorporating the probabilistic branching into the study to account for uncertainty
in the design activities did not show a dramatic increase in the project duration. The
average project duration did not increase by more than 11 days due to any given activity.
On the other hand it did demonstrate that when problems occur with these particular
activities the project never finished before the deterministic end dateshidu&l be of
high concern for project managers who are on a fast track schedule likelesagry-
build projects are nowadays. One small misstep that may only seem like dedaprt
may have much greater consequences than initially thought.

The sensitivity analysis conducted on this case study gives the projecesra)n
idea about what particular activities are going to have the biggest imptuet bnish
date. For the Hathaway Bridge there were a couple particular iastithiit pushed the
end date according the different types of sensitivity analysis pextbroompleting the

eastbound bridge, casting westbound pier segments, superstructure design 90%, and rebar
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of the superstructure. These were some of the largest activities indiedonstion which

in turn accounts for their high uncertainty in finishing them on time.
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Chapter 7

Recommendations

For this application to be fully accepted by those in the industry there will have to
be more well documented projects and case studies come forth. The potential far a bette
understanding of risk on large DB projects is great but far from being conhpéetiezed.

The best methods of project control will be incorporate experience and knowledge along
with a quantitative approach. Every project is unique in its own way and just experience
or quantitative risk analysis alone will not prevent the large delays that preetgers

try to avoid. The same methodology presented in this thesis should be used as an initial
assessment prior to bidding and presenting a proposal for projects similamre mae
template model created in excel can be used with only minor adjustments. The head
scheduler will have to identify all critical points in the schedule whersttreto start

and finish to finish relationships might cause invalid start or finish dates thug givin
skewed results. It will be up to the project manager on how he wants to approach this
problem by setting constraints as | did for this project. Moreover, once theoedssaiid
evidence supporting the benefits of using of monte carlo simulation on large DB highway
construction projects there should be further attempts to refine the application dor use

other similar projects.
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APPENDIX A
DETAILED PRECEDENCE ANLYSIS OF HATHAWAY BRIDGE
SCHEDULE
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GRANITE CONSTRUCTION

REPORT DATE 5MRROS RUN NO. 365

15:36

PRIMAVERA PROJECT PLANNER

Schedule Report - Detailed Precedence Analysis

HATHAWAY BRIDGE

START DATE 9JUNOO

PAGE NO.

ACTIVITY DESCRIPTION

EARLY  EARLY LATE A
START  FINISH START  FINISH

ACTIVITY ORIG REM
ID DUR DUR CAL % CODE
P020 3 0 3100PRFS -5
G020 122 % 3 21 1.0
4 43 038U
33 331 0av
* 435 453 0 SUEF 0
*m 0 3 100 su ss 1o
* 102 0 3 100 sU ss 0
..D001 80
..GOZOR 23 &
010 107 303 72
..P038 * 1 11 o0su
..PO40 300303 0av
..RO10 * 21 213 0su
NTP * 0 0 3100 R FS -12
D030 211 150 3 29
RO30 * 21 213 048U

9000* 2 0 3 100 PRFS 22

28000 182 B6 3 47

29002* 17¢ 1753 18U ss 47
. .NTP * 0 0 3 100 PR 88 0
CEIOLO 1065 9933 7
..MI120 * 1 11 0s0
* 0 0 3 100 PR 8§ 0
DUR2 1065 9523 11

=)

* 0 0 3 100 sU FF

E

..G020a 71 0 3 100 eR FF 22
GOZ0R 28 203 29 1.0
..D010 107 303 72 8U EF &
..G020T 28 283 08U
.G * 7 71 08U
25000* 1e2 Be 3 47 PR 88 47
28002 176 1753 1
29005* 192 1923 0 suss 14
. .NTP * 0 0 3 100 BR
MOT100 1065 9933 7

PERMIT APPLIC. GEOTECH

GEQTECHNICAL INVESTIGATION

INSTALL INDICATCOR PILES, 24" (& ER)
IINSTALL INDICATCR PILE, 60" (22 ER)
SUBSTRUCTURE DESIGN 100%

1.1 SPT @ PIER LOCRTIONS (28 EZ)

2.1 BORINGS OR PIEZOCONE SOUNDINGS @ APPROACH

PRIMARY DESIGN CRITERIA

5.1 PRELIM GEOTECH STRCT REPCRT
SUBSTRUCTURE DESIGN 90%

SUBMIT BRIDGE PERMIT

REVIEW BRIDGE PERMIT

FDOT REVIEW 90% SUBSTRUCTURE DESIGN
NOTICE TO PROCEED

SUPERSTRUCTURE DES 90%

FDOT REVIEW 90% SUPERSTRUCTURE DESIGN

CONFIRMATION QF CRDER

DESIGN RND SHOP DRAWINGS FOR GANTRY

| MATERIAL PROCUREMENT FOR GANTRY

NOTICE TCQ PROCEED
R3gh Constructicn Services

PROJECT COMPLETE

Contract Time Begins
PROJECT DURATION

Contract Time Ends

1.1 SPT @ PIER LOCRTIONS (28 EZ)
5.1 PRELIM GEQTECH STRCT REPORT
SUBSTRUCTURE DESIGN 90%

5.3 FINAL GEOTECENICAL REPORT

©.2 EVRLUATE PILE DRIVING PLAN
DESIGN AND SHOP DREWINGS FOR GANTRY

MATERIAL PROCUREMENT FOR GANTRY

FABRICATICN OF GANTRY

NOTICE TO PROCEED

Maintenance of Traffic
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GRANITE CONSTRUCTICN PRIMAVERA PROJECT PLANNER HATHAWAY BRIDGE

REPORT DATE GSMAROS RUN NO. 365 START DATE 9JUNOOQ FIN DATE 19JULO3*
15:3¢
Schedule Report - Detailed Precedence Analysis DATAZ DATE 280CTO0 PAGE NO. 2

ACTIVITY ORIG REM ERRLY EARLY LATE LATE
ID DUR DUR CRAL % CODE START FINISH START  FINISH FLOAT

2%002* 176 175 3 1 PR 85 14 MATERIAL PROCUREMENT FOR GANTRY 270CTO0R 20RPROL 2ZRPRO1 2

25005 152 192 3 ( FABRICATION OF GANTRY 10NOVOO Z20MAYOL 12NOVOO 22MAYO1 2
29015* 70 70 3 0 SU 83 145 SHIPMENT OF GANTRY 4APROL  12JUNOL GAPROL 14JUNO1 2

..D010 * 107 303 72 PR SUBSTRUCTURE DESIGN 90% 1AUGD0A 2€ENOV00 27NOV00 1
RO10 21 213 0 FDOT REVIEW 90% SUBSTRUCTURE DESIGN 27N0v00 17DEC0O0  28NOVO0O  1BDECO0 1
..D020 * 45 45 3 0 su SUBSTRUCTURE DESIGN 100% 18DECO0  31JAN0O1  19DECOO 1FEBOL 1
* S¢ 3 I1 BR FF 0 GEOTECHNICAL INVESTIGATION 10JUL 31JRNOL 1FEBOL 1

* 213 0 R FDOT REVIEW 90% SUBSTRUCTURE DESIGN 27N0v00  17DECO0  23NOVO0D 18DE 1

1 11 0 ER SUBMIT INSTALLATION DETAILS (ALL UTILITIES) 300CTO0 300CTO0 18DECO0 18DE 35

D020 43 45 3 0 SUBSTRUCTURE DESIGN 100% 18DECO0 31JRNO1  1SDECOO 1FEBO1 1
..ROZ0 * 14 14 3 08U FDOT REVIEW 100% SUBSTRUCTURE DESIGN 1FEBOL 14FEBOL 2ZFEBOL 15FEBO1 1
..D020 * 45 45 3 0 PR SUBSTRUCTURE DESIGN 100% 18DECO0 31JAN01 19DECOO 1FEBOL 1
RO20 14 14 3 0 FDOT REVIEW 100% SUBSTRUCTURE DESIGN 1FEBOL 14FEROL 2FEBOL 15FEBOL 1
..CC003 * 15 151 08U Substr Casting Yard Sstup 15FEBOL  7MAROL 24AUGOL 135
..CC500 10 101 08U FAB COL/CAP W14 BMARO1 21MAROL 148EPOL 135
..CP00B 4 43 08U INSTALL INDICATOR PILES, 24" (6 ER) 23FEBO1 26FEB01 22MRROL 27
..CP00% * 33 331 08U IINSTALL INDICATCR PILE, &0" (22 ER) 15FEBOL 2RPRO1 16FEBOL 1
20 01 0 PR 35 22 FABRICATE INDICATCR PILE, &0" (ZI ER) 22DEC00  17J2N01 37

122 96 3 21 PR GEOTECHNICAL INVESTIGATION 317aN01 1

[ 61 0 R STATNEMIC TEST, LAT. 60" (2 ER) 20DEC 27DEC00  26JRNOL 27

1 11 0 R APPROVE BRIDGE PERMIT 28DECO0  28DECO0  24JENOL 18

* 14 14 3 0 ER FDOT REVIEW 100% SUBSTRUCTURE DESIGN 1FEBOL 14FEBOL 2FEBOL 1

CP00% 33 331 0 IINSTALL INDICATCR PILE, &0" (2Z ER) 15FEBOL ZRPRO1 16€FEBOL 3RPROL 1
..CP003 * 100 100 1 0 su FABRICATE PRODUCTION PILE, 60" (198 ER) 3RPROL 172PRO1 10
..CP030 6 61 08U EB 12/WB 13 rile (ldpiles) 3MRYOL 17MAY01 10
..GOZ3E * 33 331 0 sU 85 0 7.1 PDE INDICATOR PILE 15FEBOL 16FEBO1 1
..CP00% * 33 331 0 PR 35 0 IINSTALL INDICATCR PILE, &0" (22 EA) 15FEBOL 2RPRO1 16FEBOL 3APROL 1
GO25E 33 331 0 7.1 PDA INDICATOR PILE 15FEBOL 2RPRO1 16FEBOL 3RPROL 1
..GO25F * 7 71 08U 7.2 DRIVING CRITERIA FOR PROD. PILE 3APROL  11aPROL 4APROL  12APRO1 1
..D030 * 211 150 3 29 PR SUPERSTRUCTURE DES 90% 1AUGH! 29MAR0L 3
RO30 21 213 ( FDOT REVIEW 90% SUPERSTRUCTURE DESIGN 27MREROL 30MAROL  192PROL 3
..D040 * 45 45 3 0 su SUPERSTRUCTURE DES. 100% 172PROL 31MRY(OL 20APROL 3JUN01 3
..GO25C 24 41 0 PR 6.3 PDR MONITORING & 7-DAY SET SJRNOL TFEBO1 1IMBRROL 39
..GOZ3E * 33 331 0 PR 7.1 PDR INDICATOR PILE 15FEBOL ZRPRO1 16FEBOL 1
GOZ5F 7 71 0 7.2 DRIVING CRITERIA FOR PROD. PILE 3APROL 11aPROL 4APROL  1ZAPRO1 1
..CP010 * 30 301 0su EB 13/WB 15 East Abutment Pile 24" 122PRO1  24MAY0L1 13RPROL 25MRY(1 1
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GRANITE CONSTRUCTION

REPORT DATE

ACTIVITY
iD
L..Ce030
28005+*
28015
25999
..CP006
*
ce0lo
..CC010 *
..CP020 *
.. G025G *
..G020T
..RO30 *
o4
w
.."FulUU
. 10015*
L. TY020
YFO&0
.TFO70 i
. YFCOL0
=l *
..GO20H
cco10
..CC030 *
.. CCo00
..CP150 *
LE010 *

..TEMPOZ0  *

.. Ull0

..D040 *

RO40

.D0g0

..D070 *

25015

28998

HATHAWAY BRIDGE

SMEROS RUN NO. 365 START DATE SJUNOO FIN DATE 19JULO3*
15:36
Schedule Report - Detailed Precesdence Analysis DATA DATE 280CTO0 PAGE NO. 3
ORIG REM ACTIVITY DESCRIPTION EARLY EARLY LATE LATE TOTA!
DUR DUR CAL % CCIE START FINISH START FINISH FLOA
3 61 080 B 12/WB 13 Pile (lépiles) 3MRYOL 17MRY0L 10
192 192 3 0 PR 85 145 FRBRICATION OF GRNTRY 10Nov00  20MARYOL 12NOVO0  22MRYOL 2
70 03 0 SHIPMENT OF GANTRY 42PROL 1270m01 GAPROL  14JUNOL 2
1 13 08U SHIPMENT OF GANTRY COMPLETE 15JUNO1  15JUNO1* 15JUNOL  15JUNOL* 0
30 301 0 PR 83 14 FABRICATE PRODUCTION PILES 24" Z7FEBOL 9%??@" 2eMAROL 19
7 7 0 PR 7.2 DRIVING CRITERIA FOR PROD. PILE 32PROL 11APRO 42PR0L 1
20 201 0 PR RELOCATE O/H POWER TRANSMISSION 17NoV00 l43EuuU 16MAROL 3
30 301 0 B 13/WB 15 East Rbutment Pile 24" 1ZRPROL Z24MAYOL 132PROL 25MRYOL 1
44 441 080 East Abutment RE Walls 25MAYO0L 25JUL01  28BMRYOL 26JUL0L 1
30 301 0380 WE 14 Pile 24" Pile(B4piles) 25MAY0l  5JUL0OL  25JULOL  48EROL 43
200 2001 0 80U 88 0 7.3 MCNITOR BRODUCTION PILE DRIVING 122PRO1 1772N02 13JUNOL 19MRRO2 43
28 28 3 0 BR 5.3 FINAL GEOTECENICAL REPORT Z5SNOVOO 22DECO0 23MAROL  19RPROL 118
21 213 0 ER FDOT REVIEW 90% SUPERSTRUCTURE DESIGN ZTMRROL  1lerPROL 30MRROL  192PROL 3
45 45 3 g SUPERSTRUCTURE DES. 100% 172PROL  31MaY0Ll  Z20APROL 3JuN01 3
14 143 08U FDOT REVIEW 100% SUPERSTRUCTURE DESIGN ljowol  14JUM01 4JUNOL 3
65 65 1 0 80U CAST WB PIER SEGMENTS (13 E2) 18JUN01 148EP01 19JUNOL 1
194 194 1 080 CRST WB CANTLIEVER SEGMENTE (294 ER) ZRUGOL  30REROZ 3RUGDL 1
25 25 3 0 BR SHIPMENT OF FORMS 20RPROL 14MaYOL 272PROL  21MRYOL 7
40 40 1 0 PR F§ -10 CRSTING MACHINE FOUNDATIONS SMAROL  27RPROL SAEROL 4JuN01 25
20 201 0 SEGMENT PIER FOEM ERECT 15MAY01 12JUNO1 Z22MAYOL 18JUNOL 4
50 30 1 0 830 7§ -10 SEGMENT CANTLIEVER FORM ERECT 30MAYOL TaUG0l 2Z2JUNOL  30RUGO1 17
63 65 1 03U CR3T WB PIER SEGMENTS (13 E&) 18Jun01 143EP01 18%JUNOL  17SEROL 1
300 301 0¢@ER EB 13/WB 15 East Rbutment Pile 24" 1ZRPROL  Z4MAS 13RBROL 25MRYOL 1
90 03100 PR 3.2 LAB TEST SOIL SAMPLES FROM RETAINING WALL TRUGDOR 200CTO0A
44 441 0 East Abutment RE Walls 25MAYO0L 25JUL01  28BMRYOL 26JUL0L 1
20 201 08U East Zbutment Concrete ( Both Bridges ) 26J0L0L  Z222UGOL 38EPROL 2 SEPOL 27
30 301 080 SEAWALL 29Nov0l $JaN02 8JANO3 1BFEBO3 289
30 301 08U EB 1/WB 1 West Abutment Pile 24" 26JULO1  5SEPOL BJANOZ 8FEB0Z 118
6e 66 3 0 sU CORST. EAST RBUT & WB PIER L4 ZE6JULOL 2%8EP0L 27JULOL 3JSE3‘1
200 201 08U Sss 0 Temp. Retaining wall 25MAY01 21JUN0OL  6RUGOL 31AU 51
30 301 0 30 FF 0 RELOCATE UNDERGROUND UTILITIES BocTOl 28NOV0OL  17JULOZ  27RU 194
45 45 3 0 PR SUPERSTRUCTURE DES. 100% 172PROL 31MAYO0Ll  20APROL 3J0N01 3
14 143 0 FDOT REVIEW 100% SUPERSTRUCTURE DESIGN LJunnl  14Jum01 4JUN0L  17JUNOL 3
600 €00 3 080 MONTHLY CONST ASSIST & SHOP DRAWINGS 26N0V01  18JULO3  27NOVOLl 19JUL03 1
1 13 080 FINAL SIGN & SEAL DRAWINGS 15JUN01  15JUN01 18JUNOL 18JUNOL 3
70 70 3 0 BER SHIPMENT OF GANTRY 42PROL  12JUNOL gAPROL 14JUNOL 2
1 13 g SHIPMENT OF GRNTRY COMPLETE 15JUN01 15JuUw01* 15JUNOL  15JUNOL* 0
44 44 1 08U GANTRY ASSEMBLY 18JuN01 leruc0l 31JUL01  28SEROL 31

..CSE040 *
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GRANITE CONSTRUCTION PRIMAVERA PROJECT PLANNER HATHAWAY BRIDGE

REPORT DATE GSMAROE RUN NO. 365 START DATE 9JUNOO FIN DATE 19JUL03*
15:36
Schedule Report - Detailed Precedence Analysis DATA DATE 280CT00 PAGE NO. 4

ACTIVITY ORIG REM ACTIVITY DESCRIPTICN EARLY EARLY LATE LATE TCTAL
ID DUR DUR CRL % CODE START FINISH START FINISH FLOAT

= 1 11 0 BR APPROVE STORMWATER {IT Z2EMRROL  ZEMAR 15JuN01 5
RO40 * 14 14 3 0 BR FDOT REVIEW 100% SUPERSTRUCTURE DESIGN 1JuN0l  14JUM0L 47UR0L 3
ROS0 14 141 0 ER FDOT REVIEW 100% ROADWAY SJRNOL  Z4JENOL  ZSMRYOL 101
D070 1 13 0 FINAL SIGN & SEAL DRAWINGS 15J0N01 15JUNOL 18JUNOL 18JUNOL 3
LWMI120 1 11 0 SU EF 0 PROJECT COMPLETE 18JUL03  18JUL03 8JULO3  18JULO3 0
.. YFCO10 * 65 65 1 080 CRST WB PIER SEGMENTS (13 EZ) 18JUNOLl  148EP0L 1%JUNOL  178EROL 1
..D040 45 45 3 0 BER SUPERSTRUCTURE DES. 100% L72PROL 31MAYOL  20RPROL 3
..D070 * 1 13 0 BER FINAL SIGN & SEAL DRAWINGS 15JUNOL  15JUN0L  18JUNOL 3
.. YFO&0 20 201 0 BER SEGMENT PIER FORM ERECT 1oMrY0l 12JUM01  22MRYOL 4
YFCO10 65 65 1 0 CREST WB PIER SEGMENTS (13 EZ) 18JUNOLl  148EP0L 1%JUNOL  178EROL 1
.. C8Wl00 9 91 08U 83 66 ERECT WB PIER 14 CANTILVER(DS) lecT0l 1locTdl locTOL 0
..YFC015 * 55 551 0 so CAST EB PIER SEGMENTS (11 EZ) 17SEPO1  30NCV01  22MAYOZ 177
.. YFC0s0 * 227 2271 0 8O0 85 0 REBAR, SUPERSTRUCTURE 18JUN01 302PROZ  19JUNOL 1
.. YFC010 * 65 65 1 0 PR 83 0 CRST WB PIER SEGMENTS (13 ER) 18J0N01 148EP0LI  1%JUwOL  17SEROL 1
YFC080 227 2271 0 REBAR, SUPBERSTRUCTURE 18JUN01 302PROZ  19%JUNOL 1MAY02 1
. YFC100 * 194 194 1 0 58U EFF 0 CRST WB CENTLIEVER SEGMENTS (294 E&) ZRUGOL  302PROZ 3aUG0L 1
.. YFC105 lee 1lee 1 08U FF 0 CRST EB CANTILEVER SEGMENTS (252 EA&) 1MRY0Z 18DECO 30MRYOZ 21
..Ccco10 ¥ 44 441 0 ER East Abutment RE Walls 25MrY01 25JUL0l  28MRY01l Z2€JULOL 1
EOLO 6e €6 3 0 CONST. ERST RBUT & WB PIER 14 26JULOL  29SEPOL  27JULOL  308EROL 1

. .CSWL00 * 9 91 0 su ERECT WB FIER l4 CANTILVER(DS) locTol  llocrol locTol 1llocTOl 0
..WOl0 30 30 3 0 sU CONST. WEST ABUT 29NOV01 28DECO1 14MAY0Z 1ZJUNOZ le6
..D040 5 45 3 0 BER SUPERSTRUCTURE DES. 100% L72PROL 31MAYOL  20RPROL 3
.. YFO70 50 501 0 BR F§ -20 SEGMENT CANTLIEVER FORM ERECT 30MRYO0L TARUGOL 22JUNOL 17
.. YFC090 * 227 2271 0 BR EF 0 REBAR, SUBERSTRUCTURE 18JUNOL  30RPROZ  19JUNOL 1
YFC100 194 194 1 0 CRST WB CANTLIEVER SEGMENTS (294 ER) ZRUGOL  30aBROZ 3RUGOL IMRYO2 1
L.CewW230 10 w1 08U FF 22 ERECT WB CANTILVER PIER 2 20MRY0Z  31IMARY0Z  20MRYOZ  3IMAR 0
..YFC105 * lee lee 1 080 CRST EB CANTILEVER SEGMENTS (232 ER) IMRYOZ 18DEC02  30MRYQZ 1€JANO3 21
..CC030 20 2001 0 eER East Abutment Concrete ( Both Bridges ) 26JULOL  Z22R0GOLI 38EPOL  ZESEROL 27
..CSE040 44 44 1 0 2R GRANTRY ASSEMBLY 18JUM01 1620G01  31JULOL 31
..E010 * g€ €6 3 0 2R CONST. EAST ABUT & WB PIER 14 26JULO1  298EPOL  27JULOL 1
.. YFC010 65 65 1 0 PR 83 £6 CRST W2 PIER SEGMENTS (13 E2) 18JUN01  143ERO 19JUNM01 1
.. YY060 10 w1 0 2R TRENSPORT ROADS 14Mrv01  28MRY01  178EROL 89
C8wloo 9 g1 0 ERECT WB PIER 14 CANTILVER(DS) locTol 1llocTol locTol 0
..CSE0S0 * 303 3031 0 svass 0 PT Bar locT0l 27MOV0Z  1J2NO2 g6
..CSEQ60 * 275 2751 08U ss 0 PT Longitudinal locT0l 180cT0Z  BFEBOZ 34
..CSEQ70 * 396 3% 1 0 80U ss 0 PT Tranverse locT0l 11J2N02 74
i g1 0 8U ss 0 ERECT EB CANTILVER PIER 12 23JUL02 23JUL02 0

* i g1 0 su ERECT WB SPAN 15 FW AND CLOSURE(DS) 12oCcT01 230CT01  12oCTOl 0

. .CSWL00 * 9 91 0 ER ERECT WB FIER l4 CANTILVER(DS) locTol  llocrol locTol 1llocTOl 0
CSW110 3 g1 0 ERECT WB SPAN 15 FW AND CLOSURE(DS) 120CT01 230CT01 120CTOL  Z30CTO1 0
..C8W120 * 10 101 0 sU ERECT WB CANTILVER PIER 13 240CT01 BNOVOL Z240CTOL ENOVO1 0
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GRANITE CONSTRUCTION

REPORT DATE

SMAROS
15:36

RUN NO.

365

PRIMAVERAR PROJECT PLANNER

Schedule Report - Detailed Precadsnce Analysis

ACTIVITY
ID

Cswlzo

..C8WL130

..CCe30

..C8W120

Cawizo

..C8W135

..C8W130

C8Wl3s

..CEm140

. .MI1Z20

. .R040

Doeo

..CC640
..CSW135

Cswld0

..C8W130

..Cces0

..C8W140

Cawlso

..Ceml60

..CC&60

..C8W130

Cswleo

..C8W170

..CC&70

..Ceml60

CsW170

..CsW180

..Cces0

..C8W170

Ccswlgo

..CEW150

START DATE

9JUNOO

280CT00

FIN DATE

PAGE NO.

19JUL03*

CRIG REM

DUR DUR CRL

10

10

10

10

10

14

14

[

10

14

14

14

14

14

14

14

14

14

14

o

=

=

=

=

=

=

=

=

=

=

80U

s5U

80U

80U

s5U

8U

0 sU

s5U

FF

=)

ERECT P/C COL/CAP W13ELZ
ERECT WB SPAN 15 FW

ERECT WB CANTILVER PIER 13
ERECT WB CANTILVER PIER 12
ERECT P/C COL/CAP WL2ELL

ERECT WB CANTILVER PIER 13
ERECT WB CANTILVER PIER 12

ERECT SPAN 12 FALSEWORK AND

ERECT WB CANTILVER PIER 12
ERECT SPAN 12 FALSEWORK AND

ERECT WB CANTILVER PIER 11

PROJECT COMPLETE

FDOT REVIEW 100% SUPERSTRUCTURE DESIGN

MONTHLY CONST ASSIST & SHOP DRAWINGS

ERECT P/C COL/CAP W1LlELD
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APPENDIX B
HATHAWAY BRIDGE BASELINE SCHEDULE
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APPENDIX C
HATHWAY BRIDGE FIRST SCHEDULE UPDATE
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APPENDIX D
NEW CRITICAL PATH SCHEDULE
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APPENDIX E
PROJECT ENGINEER ACTIVITY DURATION QUESTIONNAIRE
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APPENDIX F
PRE FACTS AND FIGURES FOR THE NEW BRIDGES
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Project Limits

Roadway construction starts at the most easterly driveway to the Marina fo
Westbound or 250 foot west of existing boat ramp for Eastbound.

Roadway construction ends at the driveway to the "No Name Lounge".

Overall Bridge Dimension Facts
Westbound Length — 3814 feet.
Eastbound Length — 3383 feet.
Maximum height -85 feet.
Maximum span -330 feet.
Horizontal clearance -287 feet.

Vertical clearance -65 feet.

Quantity Figures

Concrete piles — 60-inch diameter, hollow piles
Average weight per foot —1300 Ibs.
Average length per each —115 feet.
Quantity required —220 each.
Max. Capacity -1550 tons.

Concrete and Steel for Foundation and Substructure
20,200 cubic yards.
12 million Ibs.

Concrete Segments
544 each required.
Segment width -80 feet.
Segment height -18 feet to 10 feet.
Concrete required -38,000 cubic yards
Steel required -9 million Ibs.
Heaviest Segment -200 tons.
Post-tensioning steel -1,017,000 feet.

Force in segments - 2,200 tons of force.
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APPENDIX H
EXCEL MODEL
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APPENDIX H
SCENARIO ANALYSIS DATA
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