Bridge Builder

Agencies gain a bridge
lifecycle assessment tool

Software program standardizes materials
and design comparisons

By Mark A. Ehlen, Ph.D.

tafe departments of
transporiaticn (DOT:)
are currently in the dif-
Mcult position of hay
ing backlogs of
bradges w repair and increazingly

siealler budacts, Mationally, thess

repanr coats are large, wotaling as moch
as 590 killion, according o ong report.
Consequently, many of these agencies

are looking for ways o make thear

bradges bess costly 1o build and longes

Mark A. Ehlen is an engineer amd
economist in the Office of Applicd
Economics at the Building and Fire
Aesearch Laboratory, Mational
Institule of Standards and
Technology.

The National Institute of
Standards and
Technology (NIST) has
recently completed the
beta version of
BridgeLCC, a Windows
lifecycle costing software
program for bridge engi-
neers. Based on ASTM
Practice E 917 for measur-
ing the lifecycle costs of
buildings and building
systems, BridgelLCC pro-
vides a standardized,
user-friendly tool for com-
paring the lifecycle costs
of alternative bridge mate-
rials and bridge designs.
The software is designed
to accommaodate new con-
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lasting. MNew construction madenils —
swch as high-performance concrete
{HPC), FRP composites, high-pertor-
manee steel and new applications of
wiroidl and aluminum — show prommse
oawand reducing the sum of a bridge’s
construction, TN RTINS T, and
dispoeal cosis, also known as its “life-
evele” cost Ther wchnical perfor-
meEnee can be verified using standand
methods, but agencies sull need a ool
for assessing the lifeevele cost effec-
tivengss af the materials,

The Mational Institute of Sandards
and Technodogy (NIST) has recently
compleied the beta version of
Bridge LOC, o Windows lifecycle cos)
ing software program for bridge engi-
meers, Bosed on ASTM Practice EQ17
for measuring the lifecyele costs of
I'-|,.i|:||'|j__'- amel I:|_|1Z:_Ii|'::_: AYRIENN,

Bridoel .CC provides a standardized,

user-triendly fool for comparmg U
lifiecycle costs of aliernative bridae
matertals and brdge desagns, The soll
wire is designed 10 sccommodaie new
construction malerials bor works ._'|_|'_|._|I
Iy well for comparing conventional
maberizls,

The program begins with bridge costs
that are st Tamlar o (B e 1he
“engincer s estimate” of inital con-
sriion costs, When making a prelim
inary design of a new bridee, engineers
1y i'-ir:lli_':.' aslimate e consireciinn cosls
af two or more alternative desizns,
Sk % 1 COoncreie- B Ill'ﬁilfl' VSIS
asteel-beam design, BrideeLOC allows
the wser woanpal the engineer’s estimale
for each altemative and then the
remaining costs in the ASTM Practice
— operation, mantenance. and repair
(CRAS R o cdlisposal cosis, Using an
MWIST cost clussification scheme, engi-
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struction materials but
waorks equally well for
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comparing conventional
materials.



meers alsn can enler wser costs anid
third-party costs. User cosis arg
incurred |I}' autnmokale davers on and
under the bridge. and third-party costs
are incurred by thard parties who are
not direct wsers of the bridge but are
affected by bridge consiruction aeiivi
tics, such as lost revenues of businesses
whose customers arg blocked by bradge
wirk.

If detailed OMER reconds are
unavailable, DOT personnel can ofien
ealurmate these cosis, such as the aum
ber of workers and workdays it fakes to
repir a 2a-year-old bridge deck. User-
cost statistics can be obtained from the
DO transporaiion engineering divi-
siom, while third-party costs can be
abaned from field expens or feom the
affected third parties, such as the affect-
ail business which is adjacent o the
bridge.

Bridee OO can quantity technical and
cost uncertinnbies. Dechmical wneerion-
iy regards how a new material will pee-
Foorme: Wil ot carry Ioads as desigred ?
Wl it last longer than or not as long as
the convenbonal materal curmently
being wsed or proposed for use?
I:Z|'|'_.;||'|!_'|:.|'\.' cim use the '\.'!_'1|*~il_i'.'il_'. wnly
sis Featres in BridgeLCC o conduct
szl il seenarmns o see o whil
cxtent changes in expecied technical
pecformansce alfect the cost effective
ness of the material.

sl uncerinney relates o low sure 3
designer is about a particular cost. For
L!:iill.'l'!:lll.'. Hl -."|\:_:i.'u::". LU TN that
the cost to install a conventional-con-
crete bridge deck is berween 3160 and
3170 per square meter (515 and 516 per
sgpuare foot), bt knows the cost of an
altemative, new-technology deck to be
betwean £ 160 and 3220 per squane
mezter (315 and 520 per square foot).
Bridgel CC allows the user 1o choose
these unges of costs for deck installa-
tion, The software can then perfonm a
“Ionte Carlo” simulition fo compule
the ranges of potential lifecyele cosis
for ench alternative

BridgelLCC analyses
follow nine ASTM-
based steps

The first siep specitically defines the
[:n:'-ju:_": -:1I1_|q|_'||'-.';:. whnch inclodes the
performance reguircments of the stre-
Tuare, boa u:-.:ll'.l]'-h:. Lz |1||:_i|'-::| -.:-::-j;;qf:'r:'

conld ke o boild, maincain, amd eventu
ally dispose of o two-lane overpass.
The performance requirements eowld
b that the stucture routes Inferstate Y5
teaffic over Interstane 40, that i carey
AMSHTO HS-20 design loads, and thas
it last T3 years, given some mainie

nanee and repair work, This formal set

Following the nine BridpeLOC s1eps,
the engineer can asscss the cost ctiec-
niveness of HPC over conventional con
crete tor this particular bridae.

The engineer first defines the project
objective, such as building a bridae tha
is 100 meters (328 feet) long and 13,5

meters (44 teat) wide, is designed o

“BridgelLCC can quantify technical and cost
uncertainties. Technical uncertainty regards
how a new material will perform: Will it carry
loads as designed? Will it last longer than or
not as long as the conventional material
currently being used or proposed for use?”

of stepes (see Pigure 1, page 43) helps
cngineers address a wide range of
bricge decizions, such as whether o
consiruct a new bridege from concrete
or FRP composites, whether 1o repar
or replace an existing hridze, and
wihather o piant 2 =tee] bndge every 10
or cvery 20 years.

Case illustration
shows how program
can be utilized

Consider an Cagineer whio 1% |_I|_'{1|_I'||g
whether to build a two-lane, [-meter
by 13, S-meter {328-Toor by 44-Foar)
highway bridge cither from o new,
high-performae concrele (HPC) o
from a conventicnal concreis l.'|.'|'|"."'|'l|.|_';'
being vsed, The HPC chosen allows the
engineer o specity fewer beams than in
a conventional-concrete bridge and (o
predict that deck repuir will ocour every

A} years instend of every 25 years,

The first step specifically defines
the project ohjective, which
includes the performance
requirements of the
structure.This formal set of steps
{Zee Figure 1, page £43) helps
enginears address a wide range
of bridge decisions, such as
whether to construct a new
bridge from concrete or FRP
composites, whether to repair or
replace an existing bridge, and
whether to paint a steel bridge
every 10 or every 20 years.

carry HE-20 loads, ond lozts T3 vears,
He defines the aliemative designg —
conventiomal-concrete deck and beams
versus high-performance-concrete deck
wnd bequns
about traffic on and under the bridec
that occurs aver the Lile :_'_l.-n:_'l!_': c_'l:'ll;:-l!!_'x
the construction, OM&R (operation,
emnenanee, and repair} and dizposal
costs For the two alternative siruciures;

and then be compues the hifecycle cos

esliakrlishes HETINM AR E

of cach bridge by discounting each
vear's costs o present value usng o
published discount rate. The
BradgeCC Cost Summary window
lists the lifecycle cost of cach alterna-
rive: 2739 531 for the Conventional
Conereie Bridae, and 5685678 for the
HPC bridge

The BridaeLiCC Cost Summary win-
dow presents three cost-hreakdown
sections: Bearers of Costs (Level 1),
Liafe Cycle (Lewel 20, and Project
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The BridgeLCC Cost

Summary window presents 2 T
three sections: Bearers of -.aﬁﬁ' [ e |
Costs (Level 1), Life Cycle o ey k]|
[Level 2}, and Project | e e e
Components (Level 3). The == Fam o mm wmm wom
“Level 1" section presents ;?I _Freren # " B |
costs according to Agency,  swee| ‘.I;"'..’.“.!_'_;:"" e ©
User, and Third Party. The | =2 W e 3R
‘ILEWI 2" %mlun preﬁem [ — arvm DL e e s e e
i | oM s oW "
costs according to lifecycle o e I = S
phase: Initial Construction,  see | .:..E““‘.._...Mm l:l-.u?: ﬁ : E EI

OME&R, and Dispasal. The Fresaes S

“Level 3" section presents gigyre 3

costs according to project
component.

Corponents (Level 310 The “Level |
Cosls™ seciion i the window presents
coats according o the bearers of the
vosts: Agency, User, wmd Third Party,
Mote that, for cach alternative, the sum
of agency, vser, and thord-party costs
cquals the toial lifecyecle cost. In a simi-
Lar Fashiom, the “Level I Costs™ section
presents costs aecording 1o the lifeovele
phize of the project: Inisl
Construction, OME&R, and Disposal.
I"1r|;,:.||_':,'_ thiz “Level 37 coetion presenls
costs according 1o project component:
an element such as the deck, a2 non-ele
rent such as mobilization, and o new-
technolopy setviny such as stanie-load
testing of a4 previously unspecitied HPC
.I\;:L|1|. This level-based classinoeanon
compares the advantages and disadvan-
tages of each altervative according 1o
b bearer of the costs, the liteoycle
])I:jl!’il' wolten The SOs0% Goeilr :II'III |::I|.: ]:ﬂll
Ject components that generate the costs,
iy canr case illestration, the HPC
bridee costs less for the agency and tor
the uzers, as illusiraced by the Level 1,
cost bearer categones. The DOT mgurs
a toral of S080.38S over the life eycle
of the: HPC bridgs wiile incurmng
ST2E095 for the conventional -concrete
bridme. Awtomaobile drvers mour an
catimated 55,292 on the HPC hridee
ard 211,433 on the conventional-con-
crete bridege. These user costs are small
duee 1 the rural Jocation of the bridge,
The HPC bridac alao costs less during
inibial construchion — 5652 484 versus
HGTEA84 — and during OM&ER —
324,216 versus 352,070
cd by the Lewvel 2, lifecycle categarics.
Feds -Monch 1999 bridge builder

as ilhestirar-

But disposal costs are the same for the
two allematives — 53,977,

Comparing cosis by Level 3, project
compoenent citegories, the HPC bridge
has lower deek costs duee (o the fewer
deck repairs, and lower supersiresture
costs due o the fewer beams. The HPC
bridge does, however, have new-1ech-
nology costs: The HPC-beam contrac-
1w charges an addiional 530000 fora
atatic-load test of one of the new
Biames, L thee shoet erm, e ARENCY
pavs this expense 10 insure that the
bridpe will perform as plased; in the
lang term, it the HPC beams become
arcepled practce, this cost will probe
Bly diminish. Mote
that even with the new-technology
costs the HPC bridge is litecwvele cost
effective,

The ability of BrideeLOC to help
inperpret e cosl advantages and dissd
vantages of each material lies specifi-
cally in the check boxes wo the left of
ciich cosl bvpe o the Cost Summary
window, Bridgel.OC will tabulate only
the cost types that have check marks by
them. For example, the engineer can
compare the long-mm “enginesr’s esi-
mates of each alternative by checking
only the Agency, Imtial Construction,
and Elemental eost types. Lser eosis
can b left out of the caloulations by
not check-marking the User cost type.

Thiz Jong-run and sho-run Bifecysle

costs of cach alternative can be com-
pared by check-marking and ned check-
rarking the new-technology cost type.
The beta verson of BrdgelLOC s
being used by seven state [20Ts, all

members of the American Association
of State Highway & Transporiation
Oflicials HPC Lead State Team. bo
assess e oost effectiveness of their
new HPC bredzes when compared to
conventional bridge designs, Version
L0 i= shoted for relense inoearly 1999,

Bridge LOC mns in Windows 3,1,
Q500 and NT 440, and is specifically
designed sot installs withour affecting
e Windows environment; Mo files ane
coped o the system divectony and no
changes are made to the regisiry. 1
comes with a wsers mameal tha
inchedes an example analvsis,
[nformation about Bridgel OO, s user
meanual. and information an ASTM
standard E-917 and ather lifecycle
costing publications are posted on the
Oiffice of Applicd Economics welb
site, hitpaffamww biTl nistaowdooeioae.,
himl. e

Raprimted with pormission from
Brigge Hwilder magasing,

What if you had
a web page and
nobody came?

www.hridgehbuildermagazine.com

For the Inest news, bridge links,
and archives of Bridge Builder
Magaeine be sure W visil our
wizh-sife.

Ir iz o grean place 1o stan when
surfing the world of bridaes.
Whether vou are in the market (o
buy a bridge, build a bridze, fix a
bradge or tear down 3 bridge, our
new revamped bridae site has the
connections you need,

If vou would like to be part of our
bradge links contact Lucy Avers al
lucy & bridgebuildermagazine.com

Bridpe Builder Mapazine
197 10 Yocum R,
Independence MO 64055
Pl (816 Tan-34406
Fax: (816} 7T96-6935




