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FOREWORD

The purpose of thelighways for LIFE (HfL)pilot program is to amelerate the use of
innovations that improve highway safety and quality while reducing congestion caused by
constructionLIFE is an acronym fok ongerlasting highway infrastructure usimgnovations
to accomplish th&ast construction dtfficient and sée highways and bridges.

Specifically, HfL focuses on speeding i@ widespread adoptiaf proven innovations in the

highway communitySuchinnovati onso encompass technol ogi es
procedures, specifications, methodologieecpsses, and practices used to finance, design, or

construct highways. HfL is based on the recognition that innovations are available that, if widely

and rapidly implemented, would result in significant benefits to road users and highway

agencies.

Although innovations themselves are important, HfL is as much about changing the highway
communitydés culture from one that considers i
workload, delays projects, raises costs, or increases risk to one that sees piEstanity to

provide better highway transportation service. HfL is also an effort to change the way highway
community decisiomakers and participants perceive their jobs and the service they provide.

The HfL pilot program, described in Safe, AccoungalBllexible, Efficient Transportation Equity
Act: A Legacy for Users (SAFETEAU) Section 1502, includes funding for demonstration
construction projects. By providing incentives foojects, HfL promotes improvements in
safety, constructiocmnelated congd®n, and quality that can be achieved through the use of
performance goals and innovatioiitis report documents one such HfL demonstration project.

Additional information on the HfL program is lattp:/Avww.fhwa.dotgov/hfl.

NOTICE

This document is disseminated under the sponsorship of th®&p&rtmentf Transportation
in the interest of information exchange. The U.S. Government assumes no liability for its
contents or use thereof. This report does not tatest standard, specification, or regulation.

The U.S. Government does not endorse products
names appear in this report only because they are considered essential to the object of the
document.
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Abstract

As part of a national initiative sponsored by the Federal Highway Administration under the Highway=Hqmragram,
the Massachusett®epartmenbf TransportationflasDOT) was awarded a $1 million grant to demonstrate the use of
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minimize the impacts of weekend closure é38Imotorists and adjacent detour routes.
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APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
(none) mil 254 micrometers eEm
in inches 254 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mny
ft2 square feet 0.093 square meters m?
yd? square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 millimeters mL
gal gallons 3.785 liters L
fts cubic feet 0.028 cubic meters m3
yd® cubic yards 0.765 cubic meters m3
NOTE: volumes greater than 1000 L ke shown in
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or
")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F32)/9 Celsius °C
or (F32)/1.8

ILLUMINATION
fc foot-candes 10.76 lux Ix
fl foot-Lamberts 3.426 candela per square meter cd/n?
FORCE and PRESSURE or STRESS
Ibf Poundforce 4.45 Newtons N

in2
I(l;zli;' Poundforce per square inch  6.89 kiloPascals kPa
k/in?(ksi) kips per square inch 6.89 megaPascals MPa
DENSITY

3
|(l;/(1:tf) pounds per cubic foot 16.02 kilograms per cubic meter kg/m?
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol  When You Know Multiply By To Find Symbol
LENGTH
em micrometers 0.039 mil (none)
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mn? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?




ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi2
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m? cubic meters 35.314 cubic feet ft3
m? cubic meters 1.307 cubic yards yd3
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
l\:lg)] (or megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/n? candela per square meter 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N Newtons 0.225 poundforce Ibf
in2
kPA kiloPascals 0.145 poundforce per square inch I(?)Z'I;]
N2
MPa megaPascals 0.145 kips per square inch l{l@l)

*Sl is the symbol for the International System of Uni{ppropriate rounding should be made to comply
with Section 4 of ASTM E38(Revised March 2003)
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| NTRODUCTI ON

HIGHWAYS FOR LIFE DEMONSTRATION PROJECTS

The Highways for LIFE (HfL) pilot program, the Federal Highway Administration (FHWA)
initiative to accelerate innovation in the highway community, glesincentive funding for
demonstration construction projects. Through thpsgects, the HfL program promotes and
documents improvements in safety, construetelated congestion, and quality that can be
achieved by setting performance goals and adgmtimovations.

The HfL progrand described in the Safe, Accountable, Flexible, Efficient Transportation Equity

Act: A Legacy for Users (SAFETEAU)S may provide incentives to a maximum of 15

demonstration projects a year. The funding amount may total2(pppercent of the project cost,

but not more than $5 million. Also, the Federal shareridfé project may be up to 100

percent, thus waiving the typical Stateat ch porti on. At the Stateds
funding and waived match may be apglte a project.

To be considered for HfL funding, a project must involve constructing, reconstructing, or
rehabilitating a route or connection on an eligible Fee@dhhighway. It must use innovative
technologies, manufacturing processes, financingpotracting methods that improve safety,

reduce construction congestion, and enhance quality and user satisfaction. To provide a target for
each of these areas, HfL has established demonstration project performance goals.

The performance goalsnphasze the needs of highway users and reinforce the importance of
addressing safety, congestion, user satisfaction, and quality in every project. The goals define the
desired result while encouraging innovative solutions, raising the bar in highway transportation
service and safety. Usbased performance goals also serve as a new business model for how
highway agencies can manage the project delivery process.

HfL project promotion involves showing the highway community and the public how
demonstration projectsedesigned and built and how they perform. Broadly promoting

successes encourages more widespread application of performance goals and innovations in the
future.

Project Solicitation, Evaluation, and Selection

FHWA issued open solicitations for HfL praofeapplications in fiscal years 20€@&ough 2013
State highway agencies submitted applications through FHWA Divisions. The HfL team
reviewed each application for completeness and claéigycontacted applicants to discuss
technical issues and obtaioramitments on project issues. Documentation of these questions
and comments was sent to applicants, who responded in writing.

The project selection panel consisted of representatives of the FHWA offices of Infrastructure,
Safety, and Operations; the ResmCenter Construction and Project Management team; the
Division offices; and the HfL team. After evaluating and rating the applications and



supplemental information, panel members convened to reach a consensus on the projects to
recommend for approvarhe panel gave priority to projects that accomplish the following:

1 Address the HfL performance goals for safety, construction congestion, quality, and user
satisfaction.

1 Use innovative technologies, manufacturing processes, financing, contracting practices
and performance measures that demonstrate substantial improvements in safety,
congestion, quality, and cesffectiveness. An innovation must be one the applicant State
has never or rarely used, even if it is standard practice in other States.

1 Includeimovations that wil/ change administrat
more quickly build longasting, highquality, costeffective projects that improve safety
and reduce congestion.

1 Will be ready for construction within 1 year of approval of th&gxt application. For
the HfL program, FHWA considers a project ready for construction when the FHWA
Division authorizes it.

1 Demonstrate the willingness of the applicdepartmenbf transportation (DOT) to
participate in technology transfer and inforraatdissemination activities associated with
the project.

HfL Project Performance Goals

The HfL performance goals focus on the expressed needs and wants of highway users. They are
set at a level that represents the best of what the highway community,aaot just the average
of what has been done. States are encouraged to use all applicable goals on a project:

1 Safety
0o Work zone safety during constructidrwWork zone crash rate equal to or less than
the preconstruction rate at the project location.
o0 Workersafety during constructiénincident rate for worker injuries of less than
4.0, based on incidents repormudOccupational Safety and Health
Administration (OSHA) Form 300.
o Facility safety after constructidnTwenty percent reduction in fatalities and
injuries in 3year average crash rates, using preconstruction rates as the baseline.
1 Construction Congestion
o Faster constructian Fifty percent reduction in the time highway users are
impacted, compared to traditional methods.
o Trip time during constructiah Lessthan 10 percent increase in trip time
compared to the average preconstruction speed, using 100 percent sampling.
0 Queue length during constructidrA moving queue length of less than 0.3esi
in a rural area or less than 1.9esin an urban area (in bottases at a travel
speed 20 percent less than the posted speed).
7 Quality
o0 Smoothnes$ International Roughness Index (IRI) measurement of less than 48
in/mi.
o Nois& Tire-pavement noise measurement of less than 9&@ighted decibels
(dB(A)), using the onbodrsound intensity (OBSI) test method.



o User satisfactiol An assessment of how satisfied users are with the new facility
compared to itprevious condition and with the approach used to minimize
disruption during construction. The goal is a measuremenboh®breon a 7
point Likert scale.

REPORT SCOPE AND ORGANIZATION

This report documents thidassachusett®epartmenbf Transportation'sMas€©OT)
demonstration projec¢o replace 14 structurally deficient bridges e98lin Medford,
approximately 5 milesorth of Boston. The goal of this project was to rapidly replace 14
superstructure®resented herein apeoject details relevant to the HfL program, including the
use ofprefabricated modular steel elements, accelerated bridge const(é@iGhtechniqies,
DesigrBuild (D-B) project management, and incentive/disincentive claagpkedto produce a
superior product, safely and in less time than traditional construttfbrperformance metrics
measuremengconomic analysisand lessons learnedisoare discussed



PROJECT OVERVI EW AND LESSONS

PrRoJECT OVERVIEW

The MassDOT demonstration project regidseven structurally deficient overpasses-93.1
Each overpasses has two superstructimes: total of 14 separate bridges which each carry
lanes of traffic. Tagged as th@ast14 project by MassDOT, the goal of this project was to
replace all of the superstructures duijmgt one construction seasdrhis ambitious project
required innovative approaches in constructmntracting, an@rojectmanagemensuch as the
use of prefabricated modular steel elemehB( techniquesD-B project management, and
incentive/disincentive clausdsigurel shows a map of the project locationviiedford,
approximatelyp milesnorth of Boston
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Safety, construction congestion, quality, and user satisfaction data were collected before, during,
andafter construction to demonstrate that innmres can ben integral part of a projeathile
simultaneously meeting the HfL performance goals in these areas.

1 Safety

o Work zone safety during constructiiihe HfL goal of achieving a work zone crash
rate equal to or less than the preconstructionwatenot met, since the work zone
crash rate was higher than the preconstruction crash rate; howekiekBC, the
reduction in the duration of work zone exposure from 4 years to 550 hours was
significant for reduction in work zone safety risks.

0 Worker saéty during constructiah The contractor achiedea score of 0.0 on the
OSHA Form 300, meeting théfL goal of less than 4.0.

o Facility safety after constructidnThere were no significant safety improvements on
this facility, exceptto upgraded barriers amghardrail transitionsThe net effect that
these safety improvements will have on the HfL goal of 20 percent reduction in
fatalities and injuries in-§ear crash rates compared to preconstruction rates is yet to
be determined.

9 Construction Congestion

o Fager constructiod With the use of accelerated construction methods, the duration
of construction was shortened from 48 months to 9 months. The traffic impact time
due to construction was drastically reduced from 48 months to 550 A@urs (
weekend closuresaeh55 hours long. This meets the HfL goal of a 50 percent
reduction in the time traffic is impacted compared to traditional construction methods.

o Trip timed Theaverage delay time ranged between 7 and 15 minutae
northbound direction on93 over tle weekend, and approximately 4 to 8 minutes in
the southbound direction. This did not meet the HfL goal of no more than a 10
percent increase in trip time compared to the average preconstruction conditions.

0 Queue length during constructdmhe shortest avage measured queue length was
1.6 miles, while the average measured queue length was 2.8 miles. This did not meet
the HfL goalless than d.5-mile queue length inraurbanarea

1 Quality

o Smoothness The average IRI value for the bridges dropped from 8308
inchegmile. This represents a 65 percent reduction in IRl and reflects the increase in
both ride and construction qualitjowever, the HfL goal for IRI of 48 shegmiled
typically expected to be attainable on long, open stretches of pavemeastnd met
on this project.

o Nois&d The average value of the bridges dropped 4.0 dB(A) from 100.8 to 96.7
dB(A). While not meeting the HfL goal of 96.0 dB(A), the bridges were quieter than
the old bridges

0 User Satisfactiod Seventyeight percent of the motoristsirveyed were satisfied
with the condition of the finished highway, while 83 percent of the survey
participants indicated their satisfaction with the way the project was carried out.



Overall, the survey indicated that the user satisfaction met the parfoengoal of 4
or more points on a-point Likert scale.

EcoNnomMIC ANALYSIS

Thecostsand benefits ofhis innovative project approach were compared thitiseof a project

of similar size and scopelivered using a more traditionalggpach. The economanalysis

revealed thalas®D OTO6s appr oach r efél.75milkod, ord.96percentofs avi ngs
the total projecgtover conventional construction practicelser cost savingsere $8.45 million.

L ESSONSL EARNED

Through this projectVasDOT gaired valuable insights on the innovative processes deployed
both those that were successful and those that need improvement in future project ddlheries.
following points highlight the lessons learned on this project:

1 Teanwork and coordination betweendwithin theDesigrBuilder and MassDOT teams
contributedto the projedd success.

1 When selectindd-B method for project delivery, an owner agesbpuldevaluate its
internal resources at varying levels across disciplines to ensure good preparation for
procurement and project administration.

1 Assigning arow n e en@irseer for reviews of design submittal and construction support
was effective.

9 Utilization of a SharePoint site for exchanging documents betweddBigeam and the
owner agency was effective terms of time, costand convenience. The electronic
document management system facilitated access to plans and submittdleveed for
more effectiveéracking of changes.

1 Outreach and coordination activities with State agencies, local government,
transportation partnerand other organizationgere importanbefore and during
construction.

1 The use of incentives/disincentives was effective. The contractor opened the roadway to
traffic on or before 5:0@.m.Monday on each of the 10 weekend clostioa®ceive the
maximum incentive amount of $7 million.

1 Setting up a State Policeobile command at the jadite allowed for reatime monitoring
of live traffic using video feeds and helped provide rapid response to incidents.

1 Use of twoeway radios allowed1assDOT the ontractor andpolice to communicate on
one channel. With twavay radios, all parties were kept aware of the progress and
incidents on the field. The twway radios also helped minimize phone usage costs.

1 Instead of shipping separatelgetmaterials for each panel were shipped together. Not
only did this trucking arrangement saved shipping time and costi$ dism provided
workers with immediate access to materials.

1 Deployment ofazipper barrier allowed the traffic operations at thessovers to be more
efficient.

1 Deployment of modular element technology allowed construction to be flexible and
adaptable.



1 Co-location, oveithe-shoulder reviewand weekly progress meetings between the
DesigrBuilder and MassDOT teams helped with thotougview and faster release of
design submittals.

1 Revising the requirements deliver materials at the job site well beftine installation
time would provide adequate time for the construction crew to work with the materials

1 Allowing more time fomproject developmenwould help theDesignBuilder with the
design effortsmaterial procuremenand construction planning.

1 Itis valuable for theontractorto have a good working relationshigth other partners,
includingpolice, as well as the emergencyldime departmento facilitate faster and
better response to incidents.

1 Better estimation and allocation of resourseisnportantto keep pace with the project
schedule

CONCLUSIONS

This projectsuccessfully replaced all 14 bridges over 10 weekerslirds within a shorter

period of time than would have been required using traditional approaches. The use of
innovations, i.e. accelerated bridge constructionesignBuild project delivery helped

MassDOT to complete the project in a timely manner withimal disruption to the public.
TheDesigrBuild contracting allowed MassDOT to overlap design and construction phases and
issue a notice to proceed for construction 17 months etindinrthe anticipated issue date, while
the use of accelerated constian methods saved 39 months of traffic impact time. This project
also demonstrated the importance of outreach, communication and coordination not only with
partners and stakeholders but also with the general public. MassDOT used a combination of
various taffic control, incident and emergency management, safety management, and
communication strategies to ensure mobility and safety of motorists during construction. This
project also efficiently utilizethe incentive and disincentive clauses in the construcontract

to ensure orschedule completion. The success of this project underlines the importance of early
coordination and working relationship among various parties, i.e. MassDOT, FBéé/r

Builder, consultants, local agencies, public transit@olate, involved in construction.



PROJECT DETAI LS

BACKGROUND

Theoverpassswere built in the early 198Dandat the time of this projeaach onevas
reaching the end of its service life, although the substrucivgesin repairable condition. Since
the bridgesarelocated on a major artery, they carry a very high volume of téafiic to 181,000
vehicles per dayFigure2 shown each overpakscation ands labeled with the MassDT
identification number, crossad,average dé traffic (ADT), year built, and previous rebuild
year.

M-12-030-3B9DOTNGI

Carries I-33 NB & SB over Valley St. & the Fellsway
ADT: 169.000

Year Built: 1961 Year Rebuilt: 1874

M-12-028-3BBDOTNBI

Carries -3 NB & SB over Webster St.
ADT:168.000

Year Built: 1961 Year Rebuilt: 1974

M-12-028-3B7DOTNBI

Carries -3 NB & SB over ST 60 WB/Salem St.
ADT: 181,000

Year Built: 1961 Year Rebuilt: 1875

M-12-027-3B6DOTNBI

Carries -3 NB & SB over ST 60 EB/Salem St.
ADT: 181.000

Year Built: 1361 Year Rebuilt: 1974

M-12-025-3B5DOTNBI
Carries I-93 NB & SB over Hwy Riverside Ave.
ADT: 169,000

Year Built: 1961 Year Rebuilt: none

M-12-036-3B4DOTNBI

Carries |-93 NB & SB over Water Mystic River
ADT: 17000

Year Built: 1363 Year Rebuilt: none

M-12-039-3B3DOTNBI
Carries I-93 NB & SB over ST 16 Mystic Valley Parkway

ADT: 178,000
Year Built: 1961 Year Rebuilt: none

During a scheduled highway resurfacing project in 2008, MassDOT observed significant
deterioration in the condition ¢the concrete kdge decks (seBigure3). The decks were in poor



condition for reasons includingld age and chloride intrusion from the use of deicing materials.
In addition, the steel beams that support the bridge deck were corroded and were painted with
lead paint. Hwever, the substructures (foundations and piers) were in good condition and
needed only minor repair&rror! Reference source not found.presents condition ratings of

he bridge deck, substructysnd superstructures recordedidg a2010 bridge inspection.

Figure3. Phota Deck conditioron F93 over Valley Stregtrior to construction.

Tablel. Bridge condition ratings from 2010 inspection.

Bridge Location Year 2010Bridge Condition Rating
Built
Deck | Superstructure | Substructure

| 93 over Riverside Avenue 1961 5 3 5
| 93 over Route 60 WB/Salem Street 1961 5 6 6
| 93 over Route 60 EB/ Salem Street 1961 5 6 6
| 93 over Webster Street 1961 6 7 6
| 93 over Valley Streetrad Fellsway 1961 | 5 7 6
| 93 over Route 16 Mystic Valley Parkwg 1960 | 6 7 6
| 93 over Mystic River 1963 | 5 6 6

PROJECT DESCRIPTION

The 93 Fast 14 project replaced 14 deteriorated bridge superstructures over 10 weekends using
accelerated constructioadhniques anthe D-B project delivery method. The goals of the
project were to replace the bridges faster using cuétdye innovations while keeping the



Interstate and local traffic on the move to minimize impacts to travelers and communities with
no canpromise in the quality of the constructed product.

The project rehabilitatethe bridges by demolishing angplacing the superstructures with
prefabricated modular steel elemefRMSEsP composite units made of two weathering steel
beams and a precastricretedeck. Using link slab technology, the composite units proaide
jointlessdeck for each structur&hebeamswvere designedssimple spans with longitudinal
posttensioning to connect the concrete slabsve them. The pier cap®rerepaired and

adjusted as necessarygopport the superstructure replacement. The new desmiesdesign with
asprayapplied membrane waterproofiagd a bituminous pavement overlay. The precast decks
hada rough surface to allow vehicular use prior to insigithewearingsurface.

The composite unitweredesigned to be erected by crane dushgrt closures of onearrelof
[-930 either overnight or on weekendgaffic crossoves were used tmaintaintwo directions
of traffic on the remainingpen barrel of-B3. MassDOT issued th®-B noticeto proceed in
February2011 andealizedsubstantial completion in August 2011. The ambitiectsedule,
accomplished with multiple innovations,expected toevolutionize highvolume highway
bridge constructiomn Massachus&d. Using conventional methods, such a project would
typically take a minimum ofour construction seasoms five construction stagesausing years
of unacceptableongestiorand safety issues

MassDOTenhancedafetyby installing anew42-inch-tall median barrier. The new barrier
matcledthe existing mediabarriers located off of the bridges. The parapets corddtmthe
current edition of thassDOTbridgemanual.

The horizontablignment, lane width, lane locations, median shoulder, and meditim wi
remairedthe saméefore and after construction. To accommodate the new superstructures, only
minor profile adjustments were needabbng with a slight widening of theutside shoulder as a
result of barrier upgrades.

The following sections provideethils of the innovations included in this project
Accelerated Bridge Construction Techniques

In the planning phase of the project, MassDOT decided to use ABC techiuqaptaceall 14

bridges on the-93 corridor. The decision to use ABC waadeprimarily to reduce the duration

of construction to minimize traffic impacts and improve work zone safety. With traditional cast
in-place construction, MassDOT estimated that the project would entail at least five construction
stages for a minimum duratiar 4 years. High traffioccolumeson the 193 corridorprecluded

any longterm closure. Furthermore, there were concerns over duraifiliye existing decks.

During the preliminary engineering phase, MassDOT and its consultvits Associates, Inc.,

corducted an alternative analysis to select a preferred ABC alternative for the project. The
following alternatives were considered:
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f Alternaive 1: FullBridge Self-Propelled Modular Transport8ridge Move or Lateral
Slide-ind This option was ruled oltecasethe F93 corridoris a congested areandit
was deemed difficult to do mulsipan bridges in a weekend.

1 Alternaive 2: Precast NEXT BeamsThis option was not selected due to span
limitations of the NEXT beams. There were constraints with substruzdpeeities to
support higher spadepth ratios. Other roadway geometry issues, incluctiogs slope
issues and large skews on several bridgescluded their selection as well.

1 Alternaive 3: NewBeams withSeparateéPrecastConcreteDecks) A singlespan bidge
has beeronstructedhis way in New Hampshire; however, this option was ruled out due
to concerns with the construction ofaaur-span bridge in a single weekend. There were
skewrelated issues with precast decks as well.

1 Alternaive 4: Modular StdeStringer/Girder Systends This option was selecteBach
prefabricatedinit was made of eompositeconcrete deck with twaveatheringsteel
stringes underneath ifThis system is based on a simple span jointless desigrirtke.
slab technology) that fdred continuous spans with no bolted spli€egure4 shows a
crane lift of the modular beam/deck syst@ihe modular beam/deck system offered the
following advantages for this project:

o Pretopped steel beam usitvere adaptable f@omplexgeometries involving
skews and vertical curves. The sections can also be made shallow to
accommodate vertical clearances.

o Since the weights of modular units were same as the existing structure, there were
no limitations with sbstructure capacities and crane lift capacities.

Fromadesign perspective, the compressed schedule was a challenging factor. The appropriate
design and detailseeded to be worked ofar each of thed.Owork periodsfor items including
bridge deck closwe, diaphragmscrane lifts and tolerances.

For bridge deck closure, small, mediwend wider pours were considered. The wider pour
option with lapped bars and high early strength concrete was sekestéds option allowed for
reduced widthof precas decks, which in turhelped with transporting and crane lifting. In
addition, wider pour also facilitated installatibacause iallowed more room for splicing of
interfering steel bargzigure5 showsthe wider pour for bridgdeck closureFigure6 is a
schematic diagram of closure pour details including the splicing of interfering stedt&eins.
closure pour was designed fofezt, 8 inchesvide in longitudinal direction andféetwide in
the transverse directiamAs a precautionary measure, contingency pleee developetbr
closure pour with B-inchlongitudinal pour plates.

11



Figure4. Phota Modular beam/deck system.

Figure5. Phota Wider closure pour for bridge decks.
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Figure6. Diagram Details of longitudinal closure pour.

The steel diaphragms were provided between the steel stringers to provide stability to the bridge
decks. Thaliaphragm layouthad tobe consistent with MassDOT requirements of a maximum
25-foot spacing Figure7 shows the installation of both single and double diaghsaunder the
closure pour aredn addition, the design and detailing considered potentetoce issues with
precast elements, oversized diaphragm connections, rebar, l@ngjtsplice requirements.
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Figure7. Phota Use of single and double diaphragms to provide lateral support under the
closure pour.

Prefabricated Modular Steel Elements

A total of 252 PMSE units were used for replacenoénihe 14 bridge superstructurdsach

bridge had a deck width of three sp&img and six units wide (a total of 18 units per bridge).
Each unit hadra8-inch-thick composite cocrete deck over two stegirders, and ach PMSE

unit weighed an average of 50 tons. The length of each unit ranged from 40 &zt 10éife the
width of each unit ranged betweendgtf 7.5inchesto 1175 feet A typical unit measured about
75 fed long by 9.5 éd wide. Each PMSE unit rested on elastomeric bearings and acted as a
simple span for dead loadSgures 8 and fresent the typical modular layout plan and
transverse section of the bridge, respectively.

The steebirders were first fabricatd by Structal at its facility in Point of Rocks, Maryland. The
steelgirders werethen transported to the precaster, Jersey Precast Casting Yard, of Hamilton,
New JerseyUpon delivery at the precast facility, each steel member was inspected for material
and welding defects. The steel members were then assembled.
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The steemembers are sét line and graded. Diaphragm bolts are fixed, followed by shear stud
welding (sedrigure10) and installation of form support angles (fégurel11).

Following the steel assembly, thedgrs were transferred to the form tables. The girders were
then setn line and graded to provide support to the form table. A typocal table typically
supports threeMSE units. Steel frame, rebar maisd dowel bar splicers are installed before
portland cement concrete is placed to form a composite concretd-tpale12 presents a
typical form table assembly. Note that figure showshe steel girders supportitige form

tables on either side and tfabrication crew assembling rebars on form tables.

When the concretie the form table gains adequate strength, the PMSE units are transferred to
the curing area. The design strength of concrete to lift the modular unit out of form table was
2,600 psi. Each PMSE unit is water cured for 7 dBygire 13 showsthe water curing of PMSE
units at the precast facility.

After 7 days of water curing, the finished PMSE units were transpfscedthe precast facility
to astaging area in Wilmington, Massachuséltse design strength of concrete priostopping
to thejob site was 4,000 pskigurel4 showsthe transportation of PMSE units the staging
areausing truck trailers. The PMSE units were delivetedeek in advancezigure15 showsthe
storage of PMSE units at the laydown area.

- FRWEE

I

Figurel10. Phota Shear stud welding.

16



Figurell Phota Form support angles.
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Figurel2 Phota Typical form table assembly.
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Figure 13. Phota Water curing of PMSE units at the precast facility.

Figurel4. Phota Transportation of PMSE units to staging area.
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Prior to the erection of PMSE unitbe bridge substructures underwent minor repair work to
support the new superstructures. A total of 684 beads were déead, shored, jackednd
coped to provide access for beam seat workKgpee 16). Similarly, 1L008 beam sets were
prepared with new pedestalgopport the new superstructufeseFigurel17).

Figure16. Phota Shoring and coping of beaamds.

Figurel7. Phota Pedestaplacement for beam seats.
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The existing bridge superstructure was demolisirettie Friday night during each weekend
closure.Figure18 showsthe demolition of the superstructure of an existing briéggure19
showsthe clearup and preparation activities on a Saturday morning after the demolition of the
existing bridge superstructure.

Figure20 showsthe placement of PMSE units on the substructure. Each PMSE uni¢ b

on elastomeric bearingdhe 32inch bridge deck closures between two PMSE units were poured
with high early or rapid strength concrete. The concrete was dedimyneach darget

compressive strengthf 2,000 psi withind hoursof placement. The rebars frotwo adjacent

units were connected using dowel bar splicer during the closure pour.

The rapid strength concrete required immediate curing and protdéigome21 showsthe

curing and protection of concrete poured at the leridieck closures. Shortly after the curing of
closure concreterascomplete, the concrete samples were tested at the mobile lab to ensure the
attainment of minimum strength before the bridge was opened to traffic.

The follow-up work included the installa of castin-place parapet walls, application of
waterproofing membranand placement of 3 incheslobt mix asphaloverlay.

Figurel18. Phota Demolition of existing bridge superstructure.
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Figure20. Phota Erection of PMSE units at night.

PR
ik 1.
i

Figure21. Phota Curing and protection of concrete at bridge deck closure pours.
DesignBuild Project Management

Massachusettstatutes allovior the use oD-B on public works projects with values in excess of
$5million, and particularlypn Accelerated Bridge Prograprojects of any valuélhis project
was delivered under MaPRmB@TOos Accel erated

The goals of this project, particularly the need for expedited delivery, clearly indicated the
preference fob-B as the project delivery methotihe choice oD-B method provided both
flexibility and cost certainty to MassDOT. Since the ssgsifor both design and construction
are procured through a single contr&x3 facilitatesa higher level of integration between both
phases. In addition, due to the extent and magnitude of traffic imgrastproject provided
opportunities for incorp@ting innovative and creative inputs from esigriBuilderinto the
project development process.

MassDOT outlined the reasons for usix@ for this project:
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Need for an aggressive schedule required.
Completion date must be fixed.
Well-defined projecscope.

Project complexity.

Need/opportunities for innovation

Risks can be managed by others.

Limited agency resources.
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ProjectTimeline and Milestones

The project was initiated in August 2010. Tieguest foproposal was out in late October 2010.
After the procurement dhe D-B contractwascomplete, MassDOT issued the notiogroceed

to theDesignBuilder on February 7, 2011. The preparatory work began the week of March 14,
2011. The superstructure replacement of all 14 bridges occurred over ldhdeéletween June

3 and August 15, 201All work related tothe bridge and highway was complete in November
2011.Error! Reference source not found lists the milestones of the93 Fast 14 project.

Table2. I-93 Fast 14 project milestones.

Date Project Milestone
9/20/2010 First Public Information Session for Bidders
9/27/2010 Second Public Information Session for Bidders
10/1/2010 Letters of Interest from Contractors Due
10/4/2010 Isste request for Qualifications
10/6/2010 Third Public Information Session for Bidders
10/19/2010 Fourth Public Information Session for Bidders
10/22/2010 Statement of Qualifications from Contractors Due
10/29/2010 Post Short List of Contractors
11/1/20D Issue Request for Proposal
11/10/2010 Mandatory Prgbid Meeting for Contractors
12/22/2010 Technical Proposals from Contractors Due
1/11/2010 Oral Presentations from Contractors
1/19/2010 Bid Openings and Apparent Selection
2/2/2011 Issue Notice to Proceed
3/14/2011 Preparatory Construction Begins
4/14/2011 Design Public Hearing
6/3/2011 WEEKEND CONSTRUCTION BEGINS
6/346/6/2011 First Weekend: Riverside Ave
6/1046/13/2011 Second Weekend: Salem Street E+W
6/174/20/2011 Third Weekend: Route 16
6/2446/27/2011 Fourth Weekend: Mystic Valley River CentSpan + Valley

street/Fellsway

71827/11/2011 Fifth Weekend: Webster Street + Mystic River Back Span
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Date Project Milestone

7/1577/18/2011 Sixth Weekend: Salem Street E+W

7122Z7/25/2011 | Seventh Weekend: Mystic River Center Span + Valley Street/Fell

7/12923/1/2011 EighthWeekend: Webster Street + Mystic River Back Span

8/54/8/2011 Ninth Weekend: Riverside Ave

8/1248/15/2011 Tenth Weekend: Route 16

8/198/22/2011 Contingency Weekend 1

8/268/29/2011 Contingency Weekend 2

8/29/2011 Contractor Milestone 1: Complete taeection of all replacement
superstructure units; all superstructures replaced.

10/14/2011 Contractor Milestone 2: Substant@mpletionof the 14

superstructuresncludingadditional work such as parapet wall
construction, permanent barrier constructiand paving

11/15/2011 Contractor Milestone 3: Fin@lcceptanceof the14 bridges all bridge
replacement work itemserecomplete, including lighting, site clear
up, etc.
6/24/2012 Contractor Milestone 4: Complete Noise Barrier
7/2/2012 Contractor Milestone 5: Final Acceptance and Project Completi

Work Zone Traffic Management
Existing Conditions

With four lanes in each directiothel-93 roadway sectiomn the Medford area carried between
169,000 and 181,000 vehicles per dagure23 presents the existing roadway configuration on
[-93. 1t appeared that any reduction in lane capacity during construction would lead to severe
congsstion. Regardless avhethertraditional staged or accelerated construcii@ihodswere
usedMassDOD s pl an wa sflow aossowwrer traff@c mainteaancéseeFigure

23), whichwould facilitate full closure in one directiavhile allowing useof the opposite

direction toprovide two lanes each foothnorthbound and southboutr@ffic in a single barrel.

£
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EXISTING CONFIGURATION
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Figure22. Diagram Existing roadway configuration oroB.
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ENHANCED WORK ZONE
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Figure23. Diagram Proposed counteftow crossover for traffic maintenance o83.

In the preliminary design phase of the proj&assDOT conducted an evaluation of historical
traffic count data of only summer months to study the possible impacts of lane reduction.
Reducirg the number of lanes from four to two would provide an estimated capacity of 2,960
vehicles per hour, which would be fairly adequate for 188 peakhour traffic demanduring
weekends; however, with this smaller difference between roadway capacttaficdlemand, a
single traffic incidentantrigger potentiallysignificant traffic disruptions anansafe conditions
Therefore, some threshold level of traffic diversion desmecdcecessary to effectiveljanage
the traffic flow on $93.

Furthermoreit was anticipated that the constructionl €93 wouldencourage local traffic to
divert and use othdocal roadwaysjncluding Route 1Route 16, Route 38&Route 60, Route
128/95, 495 and F90. The potential diversion of93 traffic would impact thexisting traffic
conditionssignificantlyon thesealreadycongested local routesdrequire retiming of traffic
signals on these routes.majority of traffic signals alontheseroadways arender the control
of local and other State agencies, and \&E would havéhadto undertake significant
coordination activities with these agencies to retime the traffic signals.

Traffic Management Goals
MassDOToutlinedthe followinggoals for effective traffic management on this project:

Use of ABC to reduwce he duration of construction.

Makework zone safety is a priority.

Minimize traffic impacts to motorists and local communities

Stress need to encourage route diversion

Effectively communicate travel delays and detour routes to the public at large
Sellthe overall benefits of ABC

E R

Traffic Working Group

To achieve the abowmentioned goals, MassDOT established a Traffic Working G(OWG)

to develop strategiedjscuss alternativespordinate with other stakeholders, and revadiw
associated activas. The TWG consists of members from MassDOTpitliminary design
consultant, Vanasse Hangen Brustlirc. (VHB), and other stakeholders including State police,
local police, local fire department, department of public waks transit agencies. Yaus
activities undedkenby the TWG are summarized as follows:
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August 25, 2010 First internal meeting of the traffic team from MassDOT
September 23, 20li0Meeting with Medford Major Michael McGlynn aruity officials
to brief them on the project@pee and potential impacts

September 30, 201Kick-off meeting ofthe TWG.

March 30, 2011 Firsttabletop exercise for project contingency planning

May 5, 20111 Incidentaction plan review fortestbarriercrossoveideployment

May 23, 20117 Weekend 1Riverside Avenuéncidentaction plan review

May 25, 20117 Second tabletop exercise to drill final contingency plans

MassDOT held as many as 10 working group meetings prior to the first weekend closure.

Traffic Management Plan

MassDOTusedthe folowing specific strategies to effectively manage work zone traffic and
minimize impacts to motorists and local communities:

T

During each weekend closure93 was restricted to twlanesin each directionfrom

Friday night at .m. until Monday at 5 a.nfat thelatest).Traffic was diverted tohe
opposite side via crossovand full access was provided to one barrel@8 lfor bridge
superstructure replacement.

[-93 remained accessible for local use, where feasible, with all on and off ramps opened
on the active side of the highway.

Traffic diversion from 193 to alternate routes was encouraged through outreach activities
to achieve a desirable level of demand reduction@ |

Route 28/Fellsway served as the primary local access detour routeRwhike 16

(Mystic Valley Parkway), Route 38 (Mystic Avenue), Route 60 (Salem Steswt)

Riverside Avenue provided alternate detour travel routes.

MassDOTtook control of 16 traffic signalgonducted an inventory of the key signalized
intersections withi the project areand prepared progression timing plan for each
location.

MassDOT deployed several strategies for traffic operations, demand managardent
incident management, includirrgreattime traffic management (RTTM) system and

mobile commandaenter, to manage traffic impacts.

MassDOT engaged other ké&dnolders early in the process, including State aaal |

police,to support traffic operations and follancident command structufer quick

clearance

Traffic Diversion Requirements

MassDOTanticipated that some rate of traffic diversion would ease the traffic flonwda8n |
during the weekend closures. The agency conducted a spredosbedtraffic demandapacity
analysis to estimate delay times and queue lengthvarious diversion ratesxpected during a
weekend closute
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Error! Reference source not found.andError! Reference source not foundpresent the
timated queue length and average delay with various diversion rates expettgadueekend
closure for 493 northbound and southboutraffic, respectivelyAs indicated in the tables,
achieving a diversion rate of 15 percent innbethbounddirection would ease thed3 traffic to
manageable levels. Similarly, for teeuthboud direction, achieving a diversion rate of 35
percent would ease the traffic to manageable levels.

Based on this analysis, MassDOT established traffic diversios giodb and 35 percent fdine
northbound and southboutr@ffic, respectively, to achievdesirable performance levels during
the weekend closure.

Table3. Diversion factors for-B3 northbound traffic during the tour weekend closure.

Day Diversion Rate Queue Length Average Delay
(Percent) (miles) (minutes)
Satuday 0 20 172
10 11 94
20 3 29
30 0 0
40 0 0
50 0 0
Sunday 0 18 158
10 9 80
20 2 15
30 0 0
40 0 0
50 0 0

Table4. Diversion factors for-B3 southbound traffic during the B®ur weekend closure.

Day Diversion Rate Queue Length Average Delay
(Percen) (miles) (minutes)
Saturday 0 43 460
10 31 327
20 19 206
30 9 100
40 1 15
50 0 0
Sunday 0 47 512
10 29 313
20 19 202
30 9 94
40 1 8
50 0 0
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Traffic ControlT Crossovers and Movable Barriers

[-93 was restricted to twlanesin each directiorusing a4.3-mile crossovestarting Friday night

at 8p.m. and ending no later than 5 a.m. on Monddlyile all on and oframps on the active

side of the highway remained open, one travel lane was prbfedéocal access where possible

to ramps on the closed side of the highway. Two emergency access points were assigned in the
work zone.

The crossover was designed in accordance Mihual on Uniform Traffic Control Devices
(MUTCD) standards. The crossgrs were designed for a speed of 65 mph while accommodating
shifting tapers and curve radii of the roadway. The crossovers were also designed to minimize
conflicts with existing elements such as bridge piers, interchaagesign bridgeszigure24
presents the schematictbk crossover configuration or93.

Figures 25 through 28 illustrate the installation and useosfie barriersMoveable barriers
were used in the crossovers to channelizing devicep#vate opposing vehicular traffias

well asin providing access to ramps and at emergency access points. Movable barriers were
particularly used to provide positive protection to run coufitev traffic and also increased
efficiency in the deployment @Quick Chang® barrier systemThese barriers can be installed
quickly at speeds up to 5 mptreating zipper lanes and work spaces in a matter of minutes.

In this project, movable barriers were installed for an approximate length of 228&, 1% #.3
miles. This includes 2,01%®# of barriers fothe northern crossover, 1,456 of barriersfor
thesouthern crossover, 18,258Hf of contraflow distance betweethetwo crossoversand

1,000 fed (i.e., 250 fed each) on each approach and depamuckfor tapers and protection. By
including 4,680 é4 of taper on either side of crossovers, the total impact length of movable
barrier installation wa82,075 &4, or about 6 miles.
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Figure26. Phota Movable barriers facilitating countfiow traffic at crossovers.
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Figure27. Phota Movale barriers providing access at ramps.

Figure28. Phota Movable barriersit emergency access points
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Detour Routes

Figure29 showsthe potentiatraffic impact arean the vicinity d the project locationAs

indicated bythedifferent colos on the mapthe magnitude of traffic impacts varied based on the

proximity to project location:

1
1 Metro Zon@® For travel within the metropolitan area, but not within Medford or the
abuttingcommunities.

1 Core Zoné For travel within the work zone, Medfardnd abutting communities.

MassDOT developed detailed transportation operation strategies for each trafficzommct

Yellow Zon& For travel within the area just outside of Route 128 to 495 and beyond.
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Figure29. Map. Traffic impact area around the project location.
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Yellow Zonei Greater Boston Area
MassDOT proposed several strategies for travelers in the Greater Boston area:

1 Commuter rail and bus througha s s D ®las6RIDESMassachusetts Bay
Transportation AuthorityMBTA), and other transit options

Free parking at thAnderson Regional Transit Center

Alternative routes for road users trawvg north andsouth of the Greater Boston area
includingRoute 2, Rout®, Route 1, Route 24, Route 283, 195 andthe Mass
Turnpike (F90).

)l
)l

Metro Zonei Metropolitan Area

MassDOT proposed several strategiegfavelersin the metropolitan area to avdiie 93
construction area in Medford:

1 Commuter rail and bustthugh MassRIDES, MBTAand other transit options
1 Free parking at th&nderson Regional Transit Center

1 Alternative routes fomotoriststraveing in the metropolitan areacludingRoute 128,
Route 24, Route 9, Route 390, andI-95.

Core Zond Medford Area

In the Medfordarea,during each weekend closure, the following streets near the project location
were closedt 8:00p.m.on Fridayandfully reopeneddy 5:00a.m.on the following Monday

June 36, 2011: Riverside Avenue was closed.

June 1013,2011: Salem Street/Route 60 was closed.

June 1720, 2011: Route 16 was closed.

June 2427, 2011: Valley Street and Route 28 were closed. Mystic River was closed for

nautical travel.

July 811, 2011: Webster Street was closed. Mystic River was closeddtical travel.

July 1518, 2011: Salem Street / Route 60 was closed.

July 2225, 2011: Valley Street and Route 28 were closed. Mystic River was closed for

nautical travel.

1 July 23August 1, 2011: Webster Street was closed. Mystic River was closed faahaut
travel.

1 August 58, 2011: Riverside Avenue was closed.

1 August 1215, 2011: Route 16 was closed.

= =4 =4 -4

= =4 =

Route 28/Fellsway servex$ the primary local detour roudering the weekend closures. Traffic
signals along Route 28/Fellsway were modified to accomtadta increased traffic demands.
Figure30 presents a map of the Medford area showing Route 28 and the location of traffic
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signals that were modified. Depending on the closuherdocal routeslso served as detour
routes
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Figure30. Map. Route 28 (Fellsway) and location of traffic signals.
Work Zone Safety Management
Work Zone Speed Limit

The speed limit in the work zone was restricted to 45 i8pked monitoring boards were
installed to capturevork zone speed, which was shared with State police itimeal

Work Zone Safety

The F93 work zone was set up with zipper lanes and perinfertemg to preventehicle
incursionsFigure31 showsperimeterfencing installedo prevent rubbernecking of motorists.
Figure32 showswork zone protection measures implemented in this prdjeetdition,

MassDOT installed live cameras using EarthCam to remotely monitor the work activities at the
job site.
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Figure32. Phota Work area protection.
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Worker Safety
Several worker safety measures were implemented in this project:

White-Kiewit JV developed a checklist for reviewing the lift plan.

White-Kiewit JV coordinated with sbcontractos and canesuppliers to ensure worker

safety

1 Engineeringcontrols such as gardrailsand preinstalled tieoff points and cablesvere
installed.

1 Employeesvere issued harneasdfall protection equipmengersonal Fall Arrest

Systems

Orientation training,accountability and dsciplinewere employed.

Two full-time projectsafetymanagersand fouradditionalprojectsafetymanagersvere

employed.

)l
)l

E

Incident Management and Enforcement
RealTime Traffic Management

MassDOT implementednaRTTM system in its first large ¢ a martwdirlszoned project. The
RTTM provides the project team thbility to monitor traffic and travel conditiona real time
The RTTM system website was easy to use and understand and provided dgugblathe
agency The RTTM system included the followirsgnart work zone elements

Thirty-five portable changeable message sigiGMS)
Fourportablecameratrailers

Sixty-seventraffic sensortrailers

ThreeBluetoothsensors

Computerized Highway Information Processing (CHIBj$gratingsystem
Bluetoothtravektime origin and destination

=4 =4 =4 -4 -8 -9

Figure33shows a picture of the RTTM dashbodpdior to the bginning of construction,
MassDOT provided training to its employe®show to use the RTTM systeithe agencylso
provided training to the Stat®lice onreading the system and camera operations. MasHeOT
up a fulttime field operabn center that waactiveduringthe entire 58hourclosureon eachof

the 10weekeng. Figure34 shows theRTTM dashboard on the video wall of the field operation
center.

The purpose of the operation cenigrsto coordinate and provide direatis on work zone
operations such as changing message boards, ntoaffig cameras, providg response to

work zone incidentsandmonitoring travel times on detouputes and-B3 through lanedzigure
35showsthe nighttimdive video feedin on theRTTM system. The bottom right picture on this
figure shows an incident being cleared off to the shoulder at ighire36 presents speed
readers and live video feeds on the RTTM system.
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Figure33. Screen shotRTTM dashboard.

Figure34. Phota Video wall at ommandpost.
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Figure35. Screen shotNighttimelive coverageon RTTM system

Figure36. Screen shotSpeed readers and live video feeds on RTTM system.

To communicate effectively with its partners, MassDOT deployeitdmsachusetts
Interagency Video Information System (MIVI8atintegrate video feeds frommemotely
installed cameras atly locations. The MIVISacilitatesvideo feeds td1assDOT, the Boston
Transportation Depament, the MBTA, and the Statelce.
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