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FHWA Séructaral Deyign Program Review -
Rbode Island Pepartment of Transportation

1L  EXECUTIVESUMMARY

A, INIRODUCTION

The Federal Highway Administrtion conducts Structural Design Program Reviews to documnent
and trensfer the best structural engineering program practioss to State Highway A gencies (SHAS)
actost the country. Reviews of SHA structors] engineering programs are raqnasted by SHAS and
FHWA Division Officas. Through the ituplementation of the Structural Program Review, the
FHWA will document the best stactural engincermg practices, policies and procedures,
recognize ateas of sxcelience, and identify opportunities for advancermeant and improvewmest, By
ansegsing the program practices of individusl SHA hridge programs nationwide, the FHWA, will
be: zble to address structural engineering program noods and more: effsctively tramafier successfhl
practices and technologies. A saparate report of beat practices from all of the State reviews that
sre conducted annually wilt be dissesninated oationatly, Goals and benefits of the NSEIP

incliade:

* Provide BFAs a seevice to benclunark their program against the stae-of-the-peactics

»  Share information on innovative practices, procadures, processes, and technologics it
design and construction to sncourape deploymend of bagt practices

= Jdentlfy SHA structursl design program neads to assist in the fooramliation of patlonat
FHWA program goals for beidge progrem toohnology delivery apd technical acsistance

= Provide opportunity for peer sxchange

o Contiruaily improve parinership between SHAs and FHWA

The Rhode Island Depatment of Transportation (RIDOT), in cooperation with the FHWA
Rhode Istand Division Office, requegied & review of their structura! design program in earfy
2006. A team of FHWA specialists, along with the Stie Bridge Engimear, Delaware Department
of Travsportation, condnocted formal iaterviews with RIDOT design staff snd spocintists to
betwesn September 25 end 27, 2006, The findings of the personmel interviews and assessmonts
of docornented procadies and policles that followed the interviews are contained in this
Exzcutive Sutnmary and Final Report. The main objectives of the Rhode [slend DOT review
WEDe:
" ldentify and document best peactices that may help other SHAS itprove the efficiency
avd cost-effectivencss of their stroctura) angineeying programs; '
*  Provide rcommendations to RIDOT to improve existing prectices and procedures,
capahilities.

Rbods istend Sxcturel Desige Program Review Report 0



The int=nt of this report i3 to provids the Rbhode Islaod DOT a record of the fodings of this -
review and to offer recommendetions for improveenent besed on best practices ihat ars
implemented by State agencles astionwide, Appendices referenced in the report are atiached to
the foemal fle copy of the report and Recommendations fir Innprovement are provided only o

The review tesm identifiod several pracices that are deployed by the RIDOT Bridge Desiga
office that serve &y sxceptional prectioes to showease to SHAR across the country, We wish to
commend RIDOT for thege notewarthy achievements. A brief summary of the policies,
procedures, and practices tat were recopnized as best practices in RIDOT s structursl design
program are provided in the executive summsry.

Summary of Best Practices
‘Constywctability’ Evalsation of Bridgs Design Projects throughont Project
t

Developmen
RIDOT places a special amphasig on the importance of reviewing the *constructebility’ of
beidge design projects, from project [vitistion, throughout the 1ife of the design project.
Bridge erection and constroctability reviews are performed by the RIDOT project
manager, along with ths consultant designas, 2t preacribed steges throughout the

of the project. Thess raviews ars thought to bave success at reducing
copstruction claims and may partiaily scoount for the ruceass the RIDOT has had to
achieve excallent estimates of bid prices on constnxstion projects.

Rhode Island DOT Bridge and Msterials Researeh Program

RIDOT impletnents & relatively low-budget structure] and materipls research program
that hixs delivered bigh *pay-off' progrem and Scility improvements, Some examples of
successtil appled rescarch toclnde:

Statewide Implemevtation of APC — RIDOT uses high strength, low
permeabiiity concret on most structural clements throaghout the Stute, The main
goal for implereoting HPC is to redoce tridge element dedsriorstion. Research
has indicatad & significant Jong-teon benefit in bridge olcment dursbility for a

Systematic use of Conerste Sealers to prevent bridge element deterioration -
Ag & resudt of their regearch program, RIDOT reduces deteroration of bridges
throughout the staie, with the applicetion of concrets ssalers on bridge elaments
thet ars exposed to deicing ealis.

Insplessentation of ‘Metalizing' aind weathoring steels to improve the
durability snd redwes malntenance of steel stroctures — The Department
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cornmonty uses weathering stoels for bridpe supersiructures and has also nsed
metelizing to extaod the [ife and redice malitenance costz of stes} structures.

Routing Use of MSE snd Modalar Block Retafning Walls - RIDOT commaonty

MMWWSWMNMBMWMHM

Wmmmmmmmmm
* that greatly reduce initial and life-cycle costs over conventional cast-in-piace

retaining watls.

Successfol Implementation of Value Engineering on Major Bridge Projects —
ﬁlﬁnﬂ@ﬂﬂﬂTdﬂﬁhﬂh\t&MPﬂhﬂff@tﬂﬂWﬂﬂﬁfﬂm
wmmmmjmmmmmmm
Wnafvﬂmmh&mﬂﬁdmmﬂﬂmm
cogiE.

Bridge Washing — One particular preventive maistenazes stretegy that has been
especinlly sffective for maintaining beidge decks snd superstrachure systems is the
implemsntation of & program of “pressurc-washing” bridge components, This strascgy is
m@mdmmﬂyﬂmﬁ&uummm&mm&hmw

and snables more thoroaph bridge safety inspections.

Accuraie Estimaies of Bid Prices on Construction Projeets - RIDOT has besn able to

maintain cogt egtimates for bridge sod highwey projects withie 5% of achial bid cogts.

Mﬂmmpnnmlm&tmdttnmmﬁ:rﬂmhapaﬂywﬁ:mﬁdrmﬁr
the review of constructability during the scoping, development and design

As g result of our review of RIDOT policies and practices and during fnterviews with
Department staff, suggestions to improve the RIDOT Structnres Destgn program were gansmatad
The FHWA Bridge Program offiots will evalusie these recommandations and detmrmine svhees
FHWA can provide assistapce, and develop tools to suppost RIDOT needs. The foliowing
WmmﬂﬁrmmmmmﬁHwﬂlwpﬁﬁmm
in the RIDOT Structural Design Progrem.

It abould be noted that some of these findings are systetic problems of proportion which we
typically do not sacounter with the FHHWA. Stroctural Design reviews and reflect that the RIDOT
Mﬂdmmmmummmwﬂmmmmmmm
. other Stats Highhwsy Agencies. Many of the design program process deficiencies that wers
identified, as compared sgainst other States processes, were not oaly neted by the review team,
but the deficiencies were validsted, during interviews with the Bridge Office staif. The
enginearing staff wes nexrly unandeaong in recognizing nnd omthining the deficiencies that
currently sxist within the Bridge Design office program. We recommend that these probleme be
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Mwﬂam&tmafwrummhmmmhmﬁ:dum@tmmm
ptﬁﬂumﬂymmﬂﬁhymmmdsﬁmm TheamghtofRDUThighmy

bndgepmjmmoumpnmm:‘,mdm qoality of ths struchmes aiptions are
MMmmmmmmmmm#mmw

and control the bridge design process.

Finding:

1. The RIDOT Bridge Design program #af¥ lacks basic levels of engineering sxpertise and
does not have sdaguate proccdural control to perform the role 1o effectivaly oversee the
quality and sufity of bridpe design prociacts. Ooe brmdred parcent of all bridge design,
geotochnical engineering, and hydraulic enginesting taske &re completed by consultant
mmﬁmwmmmmmm:mmﬂm

RIDOT implements to agsure that beidgs slements are dssignad safely, efficlantly and in
aaoarﬂmoewﬂh.aAEHTDdesigupmwﬂm In several instances, due 1o the lack of in-
hénras expartise, the RIDOT hag even used consuliant garvices to generste design
guidelines and policies that the owner uses to diroct consultanis, such s the recently
drafted RTDOT Bridge Design Mamml  The RIDOT does not have sirfcient techrical
expeatise to develop the State’s design policies and guidelines, Additionally, RIDOT
engineers secving in the sole of project menager, ofien have their sothority to oversee the
design of structural elements challenged by consultent design engivesrs due o their
mmmwmmmmmmm
extent to which the RIDOT staff has indicated their Iack of understanding and application
ﬁdﬁp@dﬂr&mﬂﬂﬂﬂmmhﬂg&ﬂﬂmmhﬁmﬁemm

Recommendation: A SHA Bridge Desgign office pmst adequately control mnd oversss design
producty and services that result in bighway projecis that are utilized and finded by the traveling
public. Steff mepabers must make important ovetsight decisions, provids direction to copsultants
reganding the implementation of evelving design standards and wnigue bridge dedails, monitor
the quality and cogt-effectiveness of bridge dedigns, and maintain policies that ensmre quality is
delivered in consultant prodocts. For this reason, staff engineers need 1 be experienced in the
destgn procedores end practices that are uilized by consutitants and they mmt be able to
understund g spply mgalarly updated design provisions to undearstand the bppacts of hew
design provisions on the fioal design, As a minimum, a representative seraple of siroctires,
foundations end walls shotld be designed, in-hoase, or a comprehensive process review program
should be established ant inplementad by RIDOT stefT to madntsin the necessary leve! of
expectise peeded 1o engtire sefe snd oost-effective designs are being delivared by comsnitants.
$taf¥ enginesms noed to have access to up-to-date tools and be sesipned common desipn process
work. sufficient to maintain 2 leval of expertise needed to provide QC/QA. RIDOT should
develop and iraplement a formal business or quality control plan for streotural elaments to define
guality indicaiors in the bridge design process. The design process measurements defined in
those plans shonld be martinely meastred snd atfaimad by in-houss steff
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mnﬂmw&m&m’sbﬁdﬁdﬂi@p@mmmmmmphaf
mmmmmymmm-mmwmmmmmm
and products, and manage and meintain the ownee's policiss and procedwres, The Delaware
bridgs offics baz a stff of 18 members, including 15 engineees. Three of the 15 enginesk sorve
83 MANAEETS. mmmmaﬁmmmﬂfwmm
Mpﬁmmm&&wmmmﬂfmmﬁ.a.wnfﬂn
staller bridge projects are dasignad in-house). Consaliants ere awerded contracts % daliver
70% of bridge desipns, in terms of constraction costs. Bach in-house design eogineer typically is
mhmmMMMMMMMmmmﬂm&
miysmphganddevelupmofombﬁdgcpmjaﬂ,inaddiﬁmhmﬁmhgmmﬁm
project. One of Delewnre's bridge design staff sexve as a full-time reviewer of conguitant
mjmmmmgﬂsoﬂmmmmwmmmdwm&ﬁm&r
bridge design projects that are considered major projects. Members of the entire staff are able to
mmmmmtﬁmﬁmmmwomm,h-mmm
andmﬁmﬁnaﬂofﬂnsm’smhgmhﬂmlmdhydmﬁud&dgnmdwmn

program policies.

Findi
2, TthmUrdepDeﬁgnmnﬂydommm”pﬁlﬁﬂwmwbemm
geotechnical and hydraulic engloeering, which is essetial for the eversight of smfs and
cost-affective forndation and wall design 2nd scour evatuation. The RIDOT ralies on
congoltamss for these sezvices and has no expertise or systematic program i place to
meagure the adequacy or efficiency of geotechnical and hydranlic analysss, We know of
no SHA that does not bave stafl that is dedicated to maintain stae-of-the-art expertise in
foendation and hydmutic design in ordar to parfiorm sffactive QC/QA of consaltant
design products and develop guidslines snd policies to direct consultants to implemens
the desired design practices,
Recemmmendation: Based oo projected levels of design work that iy required in the next 3 to 5
years, tha RIDOT should immediaialy establish how maay speclalists sre nacessary to direct and
overses the geotechnical and kydranlic design services (i.e., parfori quality control) that are
avarded to consuitant epginesrs and w estoblish and maintein existing Departments? procedurey
for the design and asalyzia of foundations, wails and hydraulic featores, In this respect, as is the
mmmwmmmmmtmmwm@-mdmmhm
mezsarc the quality or cost-efectivenssa of bridge and foumdation design features. A
representative sample of foumdations should be designad in-house, of tigorously reviewed t
ensare that Stete practioes are adequate and foundation designs, performad by consultants, are in
conformance with Stats and AASHTO design criteria. Likewiss, a hydranlic smmlysis specialist
should be pert of the Departinert’s staff to ensure that designs are in confortumee vwith

b byt tord
Tnﬁ:ﬂmnﬁmkmmmdnﬁonm-l,ﬂmﬂd&wmﬂ'aﬂbﬂdg&dﬁigum
mmmmhwcmmwu:m&m
performing hydrantic apalysss avd foundation degigns for specific bridge projects. The staff
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enginecrs are able to tachnically evaluste consultant hydranlic and foundation design
WMW@mmﬂcnfmmmmwmﬁﬁm
regarding evolving foundation and hydemslic design oriteria. _

Finding:

3. RIDOT currently outsources peatly 2il engineering services. The Bridge Design office is
now regponsiblé for iriplementing a new project tracking and control system that serves
aa & vehicke to schedule and manage project deliverables. The RIDOT Bridge Design
offios etglosers expressed that they ate serving most of thair ime in an adiministative
role that is oot well defined and iz focamsed on oversecing prodoct delivery and
mmumm#mmmmmy. RIDOT
engineers do not have systematic procssses in plece to evaluate bridge elerment design -
quality, safety and cost-cffectiventss. The adminisirative process changes that the
Departmest hes implesnented beve greatly diminiched the gtaffs hands-on involvement
mmwmwmmmmwﬁm
and owneaship of Departimental design processes. In several ingtances, consoitsnts are
now challsnging the sathority of RIDOT project mansgers to grgtion/review design
products, procesges and compuiations, The FHWA review team heend directly from many
of the si=fT that they are pot being empowemd to perform mubstantive design work, For
this reason, their level of design expertise gradually diminisles and they are unabls to
provide a qualtfy control or oversight fimction for maay design processes.

Recemmendation: RIDOT should foster improved communication between bridge desipn,
ingpection, constraction, research and mansgement pergonuel to ensure the staff hey a clear
vision of the primary stroctural design progrem objectives. These internal program objecves
atud roles should be docuumentsd. o addition to ensuring design office siaff hng & botter
understanding of the Departienizl goals, intemal program objectives should be geared 1o -
provids staff with more responsibility and muthority for making decizions to oversee and develop
qualily design prodncts. Mauy SHAS provids staff epgineers forinal opporftmities o meet
regulacly smongst thertwalves and manegement to pursue program and process improvements,
These meatingy serve 1o ensure the Dopartmen! is consistantly and miformly meeting business
plan end quality control plan objectives. Each design engineer that is responsible for product
safety and quality oversight should have an opportomity to discuss techoical training, mentoring

Finding:

4, Key guidalines and policies for structural, geotechnical and hytraulic design for rowutine
mdmujurbddppmjmu:emtbeingdewbpadbyin-hmmpumwhy
- consn]ants who bave techrrical expertiss in matters io which the gridelines and policies
spply. Hence, the guidelines and policies are being generated by thoga that ars to be
direcind by the policies. A primary sxample is the developement of the reseantly drafted
RIDOT Bridge Design Manual for implementing LRFD. Additionally, the updates to
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smdmdmandeuﬂmmt-mumdmmmﬁmduﬁmhlmkafin-
- bouse capeabilities 10 operate CADD gystems.

Recomurendstion: Al guidelines, policied and programs that are utilized by RIDOT to mssess
the efficiency and effectiveness of design products should be developed by in-hogse staff. This
will ensare thet the owner is in confrol of the produot as required by the RIDOT/FHWA
owwwmmmmﬁmmwmmmumofm
mmmm@m@mmmommmmm
to apply. Purthermors, specific quality and safety feature review steps for the owner’s quality
control of design and PS&E plen review should be cleardy defined, docomented snd tracked o
ensure that these quality assurmce checks are being consistently applisd.

Findi |
5. Cousultants often heve the responsibility for initiating and defining project requirements,
The oonsultant is currently responsible for all aspects of peoject sooping prior to RIDOT
wiaff involvement, This illwstrates that RIDOT is not controlling project definttion 2nd
priject menagets axe telsgated to commentars. '

‘Recommendation: We strongly recommend that REDOT project managers inftiate and define
foitial project specific needs, prior 1o awarding the project o 2 consultant. Furthermore, the
praject manager should then have complets corsirol and muthority on project leve] matters,

Finding:
6. Currently, the consultarnt procurement process requires that consultznts be svaluated on a
project-by-project busis, This mesns that there are mamy superflugus and redundant
reviews of consultant qualifications.

Recommendntion: The consuliant procurement process could be streembined and made more
efficient. For sxample, pre-qualifying consnltants would eliminate the need to repetitiously re-

evalzate consultants for each design proposal they submit.

I REVIEW FORMAT

The review wag conducied by examining RIDOT procedures, standards, and other references
Mmdmmﬂ&dgnmwmbyﬂmRMTBﬁdgeMpﬂﬁmdbanﬁm‘t
to intarview RIDOT specialists. The review tcam conducted personat interviews with 12 RIDOT
mapegers and engineers in the Bridge Design, Research, and Contract Administration offices.
RIDOT Bridge office staff completed a0 18-page survey with amplifying questions on policias,
procedures, and design issues used to comtrol work within the Bridge Design progmem offce,
prior to the interviews. mmmmﬂnﬁmﬁmhmmm@mmm
interview sesgions along with three FHWA bridge spacistists to define poficles, procedures snd
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products that cxemplify best practices. The following is a st of the RIDOT personne] that were

A close out meeting wes held with Mr, Kazen Farhoumend, Depaty Chief Enginear, and Mr,
Dave Fish, managing Bridge Enginesr, on September 27, 2008, At that meating, the peeliminary
findings of the review were presentad. Following the clossont mesting, & number of documents
program review survey, the formal intecviews, and the review of the documenis make vy the
baziz for this seport. The following list includes the RIDOT documents and proosdures thet wers
seamined zs part of this review. Copies of thess doonments are on file and available for review

Btructures Design Office Organizztional Charts

TAC -0002 (DPM 460.01) ~ Instruction for the Preparation of Condract Specific
Dotammnents

TAC 0006 (DPM 410.04) - Contexi Sepsitive Solutinps

TAC -0012 = Generzl Note Regarding Temporary Constraction Coaditions

TAC -0025 - Tracking Coneultent Requests for Contract Changes

TAC 0022 - RI Stendiard Specifications for Road and Bridge Coastracion, 2004
Edition

TAC -0030 (DPM 460.09) - Advertising Process

TAC -0037 (DPM 450.02) — Pians Comteat Requircments

TAC 0038 - Plans, Specifications, and estimate Submissions

TAC 042~ HEMWMMMMMWEWSE&&M
DPM 230.05 — Month!y Progress reports for Conanltant Comiract Menilosing
WBS 1.15 — Bridge Type Stady Keport

WBS 3.03 - Finzl Bridge Plans

RIDOT/FHWA Oversight Agreement for Federal-Aid Projects

Rbode Island Stroctursf Degign Program Review Report
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‘Corstructability’ Evaluation of Bridge Derign Profects throwghont Project
Development

RIDOT plnces a special emphasis on the importance of reviewing the “constructability” of
bridge design projects, froem project initiation through copstraction of the project. Bridge
erection md copstractability reviews are performed by the RIDOT project manager,
along with the consultant designer, t presczibed stages throughont the development of
the projact. The reviews are pecfirioed af 10%, 30% and 90% steges of completion.
Thesz reviews are thought to achieve excallent estimates of bid peices on constenction
projects. RIDOT project mansgers also athsnd public hearings, pre-construction meetings
and visit ths constriction site throughoi the project to evaluate the incorporation of
bridge slements in construction

Rbode Island DOT Bridge and Materinis Researck Program )

RIDOT implements a reiasively low-budget ($200-$300M atineally for all

sessarch) structnral and masesinls research program that has delivered high “pay-off
program and fecility improvements. Approximately 4 to 5 projects are firsded anmmalty
and 2 or 3 ars condueted in-house. On occasion, RIDOT works with a New England
research consortinm o pool resesrch fimding for large projects. Coe prisaary structomal
research contact opecates & modest ressarch lab steffed with 3 engineers and 3
techpicians. Some examples of successful applied structural research include:

Statewide Implementation of HPC — RIDOT uses bigh strength, low
permeability conctets on most stroctural elements ttroughont the State, The main
goal for implementing HPC is to rednce bridge element deterioration. Research
has indicafed a large long-term benefit for & modest indtinl cost. The permenbility
of 2000 conlombs ie a targst for deck and substructure ooncrete, Racently,
polypropylene fibets have been meed 1o control shrinkage cracking on ont bridge
project. A varicty of admixtires have been investigated and rsed 1o control
shrinkage cracking. Pozzolans soch as fiy ash and siag may replace up to 40% of
the cementitious material (and as high as 60%) in some mix designe. An
extansive effort to svaluae curkag techniques way also conducted and the
construction specifications have beer updated with the best methods forwet e,

Systematic vse of Concrete Sealers to prevent bridge elemeat deferforation —
The majority of RIDOT structiral resesrch effbrts are to investigate methods
through applisd regoarch to reduce bridgs deterioration. These methods are then
applied systematically, statawide. A pood example is the evaluation of concrete
senlers. RIDOT research hax resulted in the uee of effective conceeta sealers on
bridge clements throughomt the State to improve bridge durability. RIDOT bas



deﬁmdamprwndnr:emewmmdmabﬂiymeﬁhﬁmmofsmlmin

Imeplementation of ‘Mmﬂﬁn;‘mm&uhgﬁaehhhupmc the
dmhmwmmmmu.nmafmmm-mwm
Wezthering steels for bridge superstructires and has also used, A recently
constructed arch bridge was shop-matalized and painted with excallent residts.

Rontine UuofhﬁﬂudModzhrMRmhingWﬂk—RmGTwmly
mmwmmmsmdmmmm '
that grestly reduos initial end IHs-cyele costs over comventional cast--place
regniving walls. Extensible (plestic) reinforoements sre commonty used to
constrict MSE and modular tock walls.

Suecessfol Imphmbnintion of Vaine Englecering on Major Bridge Projects —
Although RIDOT does not bave a formal policy for the implementation of value
engineecing, on several bridge projects, particularly major bridge projscts

Other Research Efforts — RIDOT is cumrently is health monitoring systems and
steoel bridge paint systegas. Geofoams have been succeasfully emploved a2
Lightweight embakment

Efloctive Program for Bridge Preventive Mattsgsnes — RIDOT hes developad a
vost~affective bridge preventive maintemance strategy to sxtend the lifs of existing
beidges and redice maintenanoe and rehabilitation costs. This consists of deck and
supesstructure “washing”. This strategy is preformad systesnatically and sttewide.
Conatrucsion Specifications 820.0200 and 820.0300 provide instruction for High-Pressure
Water Cleaming of Conerste Surfaces and Bridge Stnctures, respectively,

Accarnte Extimstes of Bid prices en Consiraction Projects - RIDOT has been able {0
maigtein cstimates of bodge and highway projects within 5% of actoal bid costs. This is
am exoeptiona] result and the memms for this Hes partly within their procegs for
emphasizing the review of consiructability during the scoplng, development and design
phases of projocts. No dste was collacted relating to final construction cost versss
original bid cost.

There are approximetely 750 highway bridges i the Rhode Iuland Nationat Bridge Inventory,
RIDOT owns approximaialy 500 biidges, inchuding 3 toll bridges. Structural design in RIDOT is

Rboxde fxland Structora] Design Progren Review Report 10



roles. Dmmapastfwrmﬂ:emm'wjﬁrufthn!?nd_gewmﬁm

LRFD Design mmwpmﬁdoumdmgnmﬂmmm
lﬂﬂ%afbﬁdgemdmﬂﬂmmlpmjmmmplmw The rols of
g enginoermy Hicies zud guidelines within the bridge engmeering

mmmoﬁmhmmofﬁve,ZmEmmmmmaw
PrOZTAIN MISTRRET. mm@mmm&mam@mmmmdt
ingpection sefl - memwmwmmmmmmm
hmﬂmuﬂmmﬂammmmd@mm ThaRIDOTBndg:

SPECIALTY | HO. OF PERSONNEL

| Load refing
Tachmiciens/Drafting
Resegrch
'@Wmm

design
| Hydreubc design

Table 1: Structures Design Officen: Engineering staff levels.

Ammrufﬁwnﬁnﬂmbwnfnﬂbﬂdwdﬁigmdmchm-byRﬂ)OThﬁp
dmgnaﬁcemdmhlmﬁom 1n smpmenized in Table 2,

mmwmmmw 1




F——_——_> e — TW
DESKINS

Structural Design Office — new bridges 0

[jmmﬂ:::ﬁm-mmmy; 0

New Copscitant Desipns reviewed &-8

E } ]-F 5 Flﬂjm q 1 5_3

Tabie 2: Wmﬂmbﬁﬁpdﬁwmﬂaﬁﬁmﬁmpﬁm

B. STRUCTURAL UNIY OVERVIEW

Stractures Office
mmmmmmmofwmwommmmmm
WMFWMMWMMMWMIMWAm
O™ reviews of desipn plans, pezforming load ratings for routive bridges (Jarge span bridpe Joad
mpmpﬁomdwmmﬂﬂmmmmﬁm}. following wp on
mmmmmmmﬁmpﬂhmmmdmmuﬁm
mmmmmmmmm The Bridge Office is
also responsible for reviews of shop dtawings and felsswork. However, the tecimical review of
thess iterns is limited stnce technical expertise is diminishing and the desipn office Iacks analysis

software to perform detailed reviews,

The moles of the staff bave besn scaled back dramatically over the past sevars] years as the
Department contiziee to outsouros afl design work, developmeat of the bridgs design guidefines,
all bridge inspections, and more and more project development responsibility. Staff engineers
oftsn indicated a decline o their ability o inferpret md epply continuously evolving design
standards and indicate they have access to few if atry up-to-date analytical toois to assess the
adequacy of stroctural elesect designs. Some design training semminars are provided, however
the stnfF doeg not have an opportunity to apply the deslgn and analysis training they recsive.
Azeording to the staff engineers, this has led to the logs of technical expertise smong design
specialista. Thsdedsum:&‘sehc&mlypuﬁmmrychechof&dmigncfmm
compopents o design projects, bowever, these checks ars not formally momitored or

Sirnctwr-ey Research Program

The RIDOT Rasearch program opetates on a budget of spproximately $300 miilion sonually, of
which a share iz directed 10 applied resesrch in bridge, wall and foundation technologies. The
RIDOT research program has beea effective in estmbiishing value added procedmres o
implement tachnologicsl advances stmewide, including:

» High-perfyrmance concrete for beidge super- and substroctrey

¢ High perfocmance gteel bridge paint systerns, galvamizing and metalizing
=  Moduler Block and Machanically Stabilized Earth Retmining Structures
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» Omofoam embarkments sopl
Structural systan health monitoring applications
: Concrets curing techniques and concrete additives to mindmizs drying shrinkage

One reesarch enginver works independently, but in clase cooperation with the Bridge Design
O#fce to direct research funds 1o snalyze the benofits of new products end technologiss. The
RIDOT Materials iaboratory staff includes 3 engineers and 3 techricianz.  The totl research
program funding Jevel provides for approximately 5 projects a year. Half of thoes projacts ere
completed inhouss.  The projects that are finded are selected by a panel of RIDOT Menagers

serogs all discipiines.

These exe no disirict offices in Rhode Ieland.  All of the bridge design and inspection fimetions
are gentralizod in the bridge design office. The Bridge Design Office coonfinates with the faid
the comstruction or projsct offices a3 they arise. The design staff serves as project menagers and
will help coistraction personne] address design issues and plap mconsistentisg.

Several RIDOT mapuals, standurds, directives, and guidelfines are used fo maimain uriformity in
design and detailing. The mammis are xvailable in electronic founat from the RIDOT websits,
The ptimary gnidelines arc & reoently drafted Bridge Design Mannal (2006 LRFD guidanos), To
All Consultant (TAC) Memarendums, Design Policy Memorandumg (DPMs) and Bridge
Stamciard Defails. Most of these documents and géidedines have been updated sinos 2004,

Approxiraatsly 30% of new bridge designs are currently being designed in accordance the LRED
Specifications, and the State inteads 10 eet the target date to bave all pew bridges designed in
accordance with the LRFD Specifications by October 1, 2007 A formal implementation plan is
not uped to diroct LRFD implementation.  Although the Bridge Design office doss not provide
routine and formal training for tn-house and oonsultant snginesrs, the consultants that are
M?MmjmmmmmsamﬂtﬁumﬁngmpmjmianDh
adincent States.

»  Maintainability: me&mﬂdﬁmmmﬁmwm,sngDf
the RIDOT BDM requires the Managing Bridge Engivesr tn be potified when slements
mmmu@mmw!wmmwmmwm
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= Constructability: TheaddgaMpaﬁwmgimfomuumihab!amuf

- effort on reviewing project plans for ‘constructability’. The project manager conducts
‘sonstroctability” assessments of design pians at the 1034, 30% and 20% complate stage
of each bridge project Howevee, these asmegsments appeer fo be primarify focused on
mdymmmmmmmm Based on our
interviews with project managers, it is oolikefy that the bridge design staff is capable of
paﬁnniaasumgﬂ:ﬁmﬂmmmmbﬂityamhwuﬂ-ghﬂm The RIDOT BDM
docs not inclnde specific criteria to ensure that consulfants are petforming necessary
mﬂyﬁnlmchwmdqmmiaphwdmmaﬂﬁﬁtynfﬁmmm
construction loads. A simple precamtionary statement iz requived on plans aod shop
drawings in Section 6 of the BDM. On complex projects, the Department has used
independent consaltants to pecfonm a constructability study. We recommend thet RIDOT
mmmmdrgaﬂddMMmmumﬁlﬁyfmﬂpmjmmhﬂyﬂnwm

stoal I-girders, in accordance with criteria in the AASHTO LRFD

Spestfications, article 6.10.3 and the AASHTO/NSBA Publication GDS 12.1-2003 —

«  Assthetics: No formal bridge-spacific: policies. However, TAC-0006 issnes DPM 410.04
— Coatext Sensitive Sohutions (C88), which provides for the goal of the Department’s
{55 policy to be apptiad oa all RIDOT projects.

»  Alterpate designs: No fsrmal poficy. On bridge design projects that excesd $10M,
RIDOT svaintes the neod for an alteenate design in coopetstion with the FHWA
Divigion office. Alternars designe Eave beon used on af lesst 2 ocoagions,

=  Valne enginwering: No formal policy. RIDCUT bas a valne engineering construction:
specification that is added to the confract based on the Deputy Chicf Enginecrs
deteemmation at the 90% complete review meeting.

»  Coutractos design altzmates: No formel policy. These sltamates bave been permitted as
part of the value engipeering specification on recent projects.

*  Incentive/disincentive clanses: No formal policy. RIDOT bad a v2lue engineering
conmruction specification thet is added to tha comtract based on the Deputy Chief
Enginears determination at the 90% complete review mesting.

r  Design/build: Not used in Rhode Island.

®  Apcelersted Constioction / Use of prefsbricated elecsate: RIDOT has anplemented the
FHWA. ACTT program on one mejor corridor project and found the effort to provide
saveral cost efficlencies.

sﬁammmmmmmﬁmmmmmrmm
very limited. The current design oriteria defined in the BDM doed not reference FHWA
Hydraulic Bngineering Circalar 18 entitlad “Evaluating Soour at Bridges” or specific procedures
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mm&mﬁﬁmtgﬂmmmmmpmmmﬂyﬁmhmﬂy.
Al the time of this review, RIDOT did not have a hydranlice specialist on smff. Tt oould aot be
established that the RIDOT kas 2 staff sngineer who coukd perform site-specific scour analyses.
The PS&E checklist does pot include the noed for the RIDOT project mansger to make an
mtofmemmmpimﬁmﬁ:runhbﬁd@mm

Likewias, gpecific RIDOT guidelines and criterie for the design and analysis of geotechnical
features such as pile foundations, spread footings and retaining walls exist oply in a yery simple
and geewcal form in the BDM. No cuztent RIDOT steff enginess 1 essigned the respoasibility o
be a spectalist in the design of famdations and walls, The Bridge offics la sware of this
technical expertise deficlency and is conterpplating hising at Jeait ope full-time geotechnical
apecisliot, ‘Wa are not aware of apy State in the nation that does not have at least ons foll-time
geotechmical and hydraulic specialist to manage the design and analysis policies eod procedures
for geotechaical/foundation and hydraplic features design.

The Bridge Design office i3 out-sourcing the development and maimtenance of standard bridge
details more frequentty. The Bridge Design office staff prepares and review updates to structursl
ftems in the State’s Standard Construction Specifications.  Although one person reviews
wiendlard construction specifications and special provigions for strachwes itemy, any bridge
desigoer can initiats a new specification or changs in an existing specification.

Design — eneral

Table 3 illustratey the typical bridge structures used statewide and the reletive fraquetioy of use.
RIDOT staff does not eurregtly produce or maintain standard plans for items spch 28 AASHTO,
box and Double-Toe presitazasd concrete beamy or stee] besms.

T

B
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k2 E
B
1
1
4
i

Stucture

5

||| Freguency

Esg

B.C Siabs PSC Box bearns Steel I-girders

RC T-beam PAC Double Tee Stoe] Rolled beams

PSC Bulb Tees PSC Blsbs Concrete Seomental
Sivel box Cthers

PSC I-bexms

Table 3: Frequency of use of szpeestructurs elsments: Ranked 1 (zarely) to 5 (often).

Corrosion protection measires ere used for superstrochres and substructures. On a project-by-
project basis, weathering stee] is used. The Bridge Desipn office has coordinated with the
Research office to wilize thermal-sprayed zinc coatings on severs] projects. Use of epoxy coated
reinforcing stee] is standard practics &5 is the use high performanoe, low permeability dack and
sabstructurs conorete,
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mmﬁﬂywmﬁmmmmmmm
HPC 15 used on virtually all projects, statewide.

High Performance Conerete: Principally, the goal of the Department’s HPC
mﬁmmmmmﬂfﬂﬁwﬂmMMarmg&z.

Mﬁofmmmmmmﬁmmmm TMMgdm

mpw?idammﬁewhhathr&alnldpumbﬂifyefZMDmuhmh!mhu. HPC is used

in afl decks and most substruchures, .

High Performance Stesl: High Performance structurgl stesl has not yet been fulty
utilized, althongh the RIDOT is interested in identifying suitable projects for
implemnemtation.

Fibexr Reinforced Polymers: Notused to date. Research costs may be prohibitive for the
axpected cost bepefit. . , .

The RIDOT rontinely utilizes epoxy-costad sice] and is carrntly agaessing the
effectivensss of a proprietary prodoet “Z-bar”. Caibodic profaction systams are pot used

by the Depastinent.

Approximately 303 of bridge projeots are currently being designed in accordance with the
AASHTO LRFD Specifications and the remaloing 70% of the projects are being designed in
ancordanoe with the AASHTO Standard Spacifications. The FHIL-93 Live load iz used with the
LRFD design critevia while & HS25 live load hes been customarily used with the Standard
Specifications. The RIDOT BDM suggests that the AASHTO Pedestrian Bridge Gride
Specification loadings are to be used in fhe design of bridges with only padestrian sadfor bicycle
traffic.

The Bridge Design offics makes very limited o8 of design sofivware and dosg not hatve up-to-
date software that can be nsed to analyze all of the corpmon bridge superstractures or
foendiations thet they are responsible for overzeeing. Older versions of PCBridgs are available,
a3 we Joad rating anatysis tols (LFD) wilized by the tridge menagement/iuspection staff,

Bridge expansion joints are evoided when possible. Whea utilized, joints selactions inchxle
Hxed joints for up to 3/8 inch anticipated movement, strip seals for up o 5 inches of movement,
snd modaler jofnts for up to 28 inches of movement. The conteact drawings recuuire the design
engihesr to provide a table with the joint opering for installetion temperatinres of 15, 30, 45, 60,
75 and 00 degrees. The BDM specificaily describes which procedures are to be used to calenlats
the reamges of movement Procedure B in the LRFT) Specifications is called for when steel snd
concrete I-girder bridgs superstructires are used and Procedure A is required for 21! other bridge

superstructures.

Approach alabs are used for all bridges regardless of peveeent type. REDOT iy experimenting
with using Acwable Ll behind the badkwall 1o elinyinats approach slab settleenent. Within the
pewr BDM, sleeper slabs are specifisd whenever integral abuimends are utilizd
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mrwmmﬁmﬂmmwmm,wmm Useof
wwﬂemmmmﬁmmhmmmmmmmm
MBDW;MwﬁMWWw}m@hoﬂ@mmmwﬂﬁ

mpmm‘nmmmtm&dgnmahwdmaﬁma&m%hm’ﬁﬁm
principle and is applied to all Bridges. The objsctive s that durmg the expected sarthquake (2
mmm)lmiﬁcdmﬁ.e.,yrmi&saﬁnkmdﬂulﬂﬁu)mﬂsﬁnm
dmmmazfuﬂmmmﬂc.amwdpmmmﬁmﬂmm
must be repairable under traffic afier the event. During the mre earihauake (a 2475 year ground
mofon retum period) a non-ceitical gtructre ranst not collapse and o criticel structure must
provide access for emergency vehjcles and by repaimble within & short tme after the event.

Additionally, where damage is permitted, for all strachures the damage must be datectable and
repairabis, This is consistent with the guidalines presented in NCHEP 12-45. Probabilistic -
groond motions developed for the pper-lovel earthgqmike ground motlon bry the USG (referred
1o a5 the maximum Credible Barthauake in NCHRP 12-49) were caloulated for & probebility of
exoeedznce of 2% in 50 yoars, and are used. They are nserly identical fo the 2475 year ground

T addition to the two-level spproach, the seizmic provisions specified by RIDOT ipcorporate the
soil site classes as propoped by NCHRP 12-498. The RIDOT provisions incotporste the nss of
spectral sccelerstions. The construction of the “two-potnt” method procedure outlined in
NCHRP 12-4% with & response spectrel acceleration af the short period(D.2 seconds) and at the |
second period is noed. Vertical accelarstions are not considersd by RIDOT and are thought to
have gn insignificant impact bessd on semple anelyses. RIDOT bridge design staff does pot
have the expertise to conduct seismic soalyses and consuitants are required io perform this wotk.
The PSE cheoklist doss not require the RIDOT project manager to asssss seismic deslgn
computations.

I ikewise, for the extreme event lmit stats vessel collision apalysis, RIDOT calls for consultants
10 follow AASHTO provisions, but in-houss staff does not have the expertise th seview the
desfen compuiations. A Navigation Study is parformed to detertnine whether a bridge should be
Comparier assisted drafting techniques are used for plin preparation by conmltants, RIDOT does

pot mainiain op-to-dats CADD sofiwars in-hotse. Copsaltants often tnee standardized desails in
plam prepamation. Staadard plans are pot maintained by RIDOT.
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clirrent practice furdwkdmﬂged&pmdzonﬂaubﬁdgalucaﬂmaudlmglhaqdispmwdad
?ﬂ:ﬂBDM wmmqmswm@mmmumoﬁm
bridge to approach dnainage structures. FHWAHECZImmfﬂw&toﬁt:ﬂhadmgnofmdga
deck drinage. Sngvﬁﬂm]mmmnmi&admdmkmﬁ]muqdmmmugmam?f%
inch per foot are specified. Eﬁdgummpﬁswiﬁﬁn‘ﬁﬂ&wpwmmmmm
cap efisctively be dropped to avoid traffic, pavemsnt, gidewniks, epnbankments apd privats
propexty. Eight inch diameter downsponts ate required.

MoﬂmwmﬂicmﬂingsformmmmmeImd4w5hND}mRzpm3m
'I'I.«-ZdeL-E.ﬂamhwﬂh&&%ﬁghﬂm%@Thlmmm;m
ADTT is legs than 5%, whare design speeds are less then 40 mph. Tmt[zvulﬁsmdﬁa?uﬂ
interstute highway bridges. TL-5 milings are slso considered for non-Imersizie bridges with

high-vohume, high-specd rosdways.

Commonly nsed bearings are elastomeric beszing pads (both plain and steol reinforced), disc, pot
and standerd stes] sliding bearings. Standerd sheets pre avaiisble for all bearings and
most recently developed by consultants.

The commonly usad types of bridge pisrs ave hammerbead, wall, cap anid ooloma, pile trestls and
post-tensioned bents.  The BDM provides simple and commonly specified instruction for
spplying live load vertical reactions sod longitudinal and transverse horizontal loads.

The deck design meshodalogy commonly ased is the taditional design approach utilizing the
tabularized live load oments provided in the LRFD Specifiostion eppeedix, On a project-by-
project besis, the enrirical methods of deck design can be approved. Refined agalyses ars rarely
med except on unique and heavily skewed bridges.

Structural Sizel Design
The types of stuctural sivel oeed in Rhode Istend are Orade 36 (ravely used todey) and Grade 50,

RIDOT has pot used HPS extensively, to date. Weatharing steels (Grade 50W) are often
specified with the following getieral limitations: minimize the number of expansion joints (oo
fisld splicing of the expansion joint zateris] allowed); structus] stee] within § feet of an
expansion joint is to be painfed; the qumber of scuppers it minimized; and only mechanical
festenets suitable for uspainted weathering stes] are pezmitisd. Unpaimied weatheting steel is ot
permitied in marins snvironmments (i.e., bridges located within 5 miles of the coastline), closs to
industria) facilities capable of producing emissions of contaminated material, in ereas subjectsd
to projonged wetting, of on low clearsnce siruciures with less than 24 feet vertical clearanes to
the rosdway belowy.

A summary of current practices for structural steel design follows,
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" Tpe of foaciure critical designs for gupecstmctons or substructores: Frscmes Critical
mechers oo disopuraged. When inchkaded, must be appeoved by five Mapnging Bridge
Bngineer and clesdy noted on e plans.

» Fali detadle {i.e,, odtegory D, B and E) sre disconraged. 'When ncluded, pomet
;mbymwmmmmmudmmm

" Qompesite deaign; All brtdgas dewigned fully rompodite in both posttive and nogative
ot sTes.

¢ Contlmuity: Al bridge docks and deck supporting mambers are mide continunus,
= Gircler spaing {mitirmumemaximrn}: Tho practice is to try o optimize givder spacing.

»  Traosverss etfmors: Treosyeso stiffenery are pliced o bofh sides of the wab sxcept
For fuscix girders. The AASHTOMNEBA Collsboration Publication (2.1 -2003 b
teferestad. The RIDOT goal f8 to dewign wirh a reaponabis {cost optinml) sumber of
transvere stiffensrs.

" Longitadinal stiffecers ere discoaraged. RIDOT prafors io use 3. thicker web plai= to
olimoinate noed,  Longitading] stiffoocrs are zyed within box girders and ot haugobed
loostions on fong spen structares.

»  Haundhws: Hmpohes sre vesd only when acoporically justified on tWidges with spans
over 400 foet.

*  Flange frapsitiors (thickoes and width);. RIDOT peastios {2 t0 eosoumge kesping the
flanges a constant width and vary thelr thickoses 23 raquived for londa, Plata thickiess #4
ot reduoed by more thin 30 percer &2 2 spfice. Gord is \o madmize flangs widd
thickaweas ratio within the limits provided by the LRFD Specification.

*  Botiom latess] brocing: Uscd merely snd ouly if ragudred per analysis,

» Conncesor plmcs: In acoardwnos with the LEFD Speetfioations positive contieetion 1o top
sod bottom Heoge.

*  Stovestum] bolting (methode allowed/aed) in bridge strchutws: Cuidenco i3 oot provided.

Prestrewed Comcrete Design

The RIDOT queretly uses New Bagiand buld sses, sdincorst and sprond box. beam dagigrne with
wearing serface sod full-depd: dock, raspactively, BT fooms and prostressod piles. The
prestressing strand used fs Grads 270, low reasation seven, wire strand mesting ASTM A-416.
Serand disgnoters of 0.5 ap 0.5-inch are copueonty used aod €.375-inch sicend s waad for S1Ps.
Only debondad strands sto uaed end muet be debunded with plsstic shesihing taped # the sirand,
The Department requires that the leved of debonding within that permitted by the AABHTO
Spocifications. A mmmary of cutront practices for prestrovsed conorete dealpn followe,
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» Corapressive swrength typically specified: 6000 pal
¢ Mmdmum used: 7000 psi

Release sirength: Atiempt 1 target fowest possible, But typlcally 4000 to 4200 psi for
6000 pat concretes.

e Madmum used: High gensfer sirenpth is pepmitied when approved by the Managing
Bridge Engineer atxi when the produces’s daily cesting cycle is pof interrepted.

¢ Allpwable tepsion in the precompressed tensile rone ot service load: Specified at Service
Limit State bafors and after logses; 0.12 £ and 0.0548 {;', respectively, No tension is
allowed in the precompeessed tesils zons in components that are subjoct to savers
cortosion conditions (3.6, within 5 miles of the coast line or bridges with vertical
clearances lesa than 24 fect.

» Shear reinforcement for vertical shear: RIDOT specifies the LRFD sectional design
aporoach,

s Shear reinforcement for horizontal sheer: Follow the AASHTO gpecifications.

e [-bemnps made contiomous for Hve load: Multi-gpan bridges ere desipned es contimious
for loads placed on the bridge after the contitmity disphrams and conorete deck has cured,
(Hirders must be caxt 50 days in advanoe of casting the diaphram and are designed in
accovdanice with AASHTO at the Sarvice Limit State,

» Spliced girders: Have beea used for one project and will be considersd for nse with
longer span New England buib tees.

»  Hmmeched girders: No policy and not weed 1o date,

» Prestressed concrste deck panads (rot SIP formos): Standard details are available for dack
panels and they are ellowed by RIDOT.

+ Types of bearing devices: Rainforoed elastomeric beating pads are used almost
exclusively with preceat beams.

Use of Conultants

As stated previously, consultants design ail bridge projects ia Rbode Iskmd. Consultant forces
are responsible for preparing special provisions for bridge projects and are relied on to develop
standard details, and even to draft Department design guidelines and policies. The Managing
Bridge Engineer and staff review and appeove all special provisions. Consultants spe
incressipgly befng uead to perform construction enginesring, &y well,
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RIDOT does zot pre-ualify consultants and therefore goss through x formal selection process
" for.aach bridge project that is awanded. RIDOT staff suggested that a consiGarable amount of
time and regource sould be saved if ths Departraent wsed a prequalifieation process for

conscitant sslection.

RIDOT hes Design Poticy Memos that documant the Advertising Process (DPM 460.09), and 2
comprehensive Plan Contsnt Requirements (450.02). DPM 230.05, Monthly Progress Reports
for Consultznt Contract Monitoring, provides guidance for consultants for preparing monthly
progress reports. The Department is corrently implementing a new projest tracking system.
Bridge Design office staff unanimonsly confirmed that the agencies adoption of these new
tracking processes and gystems contione 1o place the engineering staff n an administzative role,
while their responsibility for oversight snd ability to apply design stsndards contizme to ditninish.

Research apd Technology Development and Experimental Stadics
In the |ast five years, the following struchixal reluind research, development, and experimente!

studics have besn conducted or sponsored by the RIDOT :

Prestressed plie embedment into foosing caps, and alsg pile splices

Fibex Reinforead Polymer repairs

Ship/Bearge Imnpact - Statewide Anatyzes of traffic and vesse] foroms validation
Prestressing strand developmant length studies

Stainless steed clad reber and MMFX rebar

Fiber Reinforced Polymer concrete filled pile shells and beat caps

Structaral investigations of ICP piles,

| 1 1 L] n 1 [

Training

While RIDOT occasionslly bosts technical tsaining cotrses for in-house design staff and
congultant angineers, the training has been infrequent and not sufficient to provide in-house
tachnical stal with a complete laval of undersianding of the LRFD Spacifieations. Furthermore,
the staff bas indicated that training seminars are typically not followed up with the opportunity %o
spply the ireining material. A comprebensive seleotion of cument software for the design and
znalysiz of the mokt commonty used gtructural elements i not maiutxined by the Department.
Therefore, RIDOT project mamagets do not madntain knowledge of the fundamental concepts of
mmnldedgnmdm}yﬁamrduﬂmyb;waﬂmmpmmmmﬂmmamﬁtynf
consu]tant designs or the cepability to analyze common structure] clements. Although no
specific taining was Formally requested, the design siaff indicated a need for continugus levals
of techoical design training. They also need up-to-date design tools, such as analysis software,
mdﬁmamlmhowmﬂpplyﬁnﬁmfgnsmdudSww%Mofmgof
the design specifioations, Specialists can typical]y maintein levels of expartise much easier than
those that hava to re-leam basic anatysls methods. Az is the case in virtually every SHA, it is
prudent for the Bridge Design office to epsmme that a sample of projects are daveloped and
designed fn-house. Optimally, States are eble t maintin levels of expertise by cotmonly
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