ScienceDirect



ScienceDirect

Bridge Failure

Related terms:

Alternative ABC Methods and Funding
Justification

Mohiuddin Ali Khan Ph.D., M.Phil., DIC, P.E., in Accelerated Bridge Construction,
2015

10.9.23 Precautions to prevent construction failures

A study on bridge failures carried out by the author concluded that most failures
occur during construction or erection. The ABC system must avoid such failures

through carefully considering issues such as the following:

«  Failure of connections: Overstress from bolt tightening, failure of formwork,
local buckling of scaffolding, crane collapse, and overload are some of the
causes.

«  The stability of girders during stage construction and the deck placement
sequence need to be investigated and temporary bracing provided.

«  Expansion bearings need to be temporarily restrained during erection.

«  Some flexibility in selecting bolt splice locations may be permitted with the
approval of the designer.

«  Curved and skew bridges require special considerations, such as uplift at
supports, achieving cambers, and reducing differential deflections between
girders during erection.
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3.1 Introductidrl Introduction

Another type of briigetfestuypes ahbdd geafél ofd osviktedeemegesdh forcedezoanceteeinforced concrete
girder bridges locafgiddeedrstiges.|dbetbdarasrdtd neo littei besim b ofligérotisttidashi bradge of Noda-Mura
in lwate PrefectureisHomte iPréfgetnerd Zlaoevpdsitrogred: iEHya lewp osithioorely Yedyrtow with only 2.4 m
clearance above theleaem térd bavththe ratsu. hlghkeyteridids thieigbalkaywbsidge, the deck was not
overturned but mowedrhomzshvaitysevechhoritorstatlp selaishmetsesentindamitdgiogseverely damaging
the anchor bars thiheestcdioetdrsribahtebtrotied lob tize mtatkmdthon ofggestetkat This suggests that
the deck was lifted tipeatetersesalified sip @ betorsenvai tt siskbe fomescersait thasspostitidne as it was pushed
horizontally. PrevidusrstodteslpfRsevions stadéde ofes onatriwavetedshridges (Kosss and bridges (Kosa
et al., 2011; Shoji edtall,, Z0000; IS ivakiettad],, 2000, Htidikatet tatabklyvaveitateahatehe wave forces are
mainly horizontal, avaintlyeheeitimatal phifidfohesvactscahlypfdt foshedopedat) fdremshort period when
plunging waves implingging thevetrirapiregd be thenstmiciane sTheats MoataiMavesmaar Noda-Mura may
have taken the forrmaeé felkem therfbigh dfcdess; et ¢hdrighrbores,dpotrthefepdua gimgeports of plunging
waves. In order to Wadesutrwdratekitalfi o wates atdfradssofoubdesand fhosisypeuld cause this type

of failure, numericaf $antura}ionsefitsh s ami Htws Loidsueio Ul sesnanidsrwareous scenarios were

conducted. conducted.
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Figure 17. Damaged Hirouchibashi Bridge in Noda-Mura, Iwate Prefecture. Top
photo is looking inland. The bottom left photo shows the bridge deck displaced
inland (left). The bottom right shows the anchor bars bent inland.



Figure 17. Damaged Hirouchibashi Bridge in Noda-Mura, Iwate Prefecture. Top
photo is looking inland. The bottom left photo shows the bridge deck displaced
inland (left). The bottom right shows the anchor bars bent inland.
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7.1.4 Bridge fdillAeBddgedaximesd eve¢atsxtreme events

An analysis of bridge failalyssschfebridgmfilucts d ubfteatiret mradiobhdiftonttiesmand other common
types of failures weypaddfdsskdén WampieidéeIded ohfteptedténdhihetmpthysisxtends the analysis to
extreme events an@xietoreladisatéensdwhitthralrd isastéasge bithrare dtsidlagdetketent outside of the
control of human beirigs! of human beings.

New Zealand and HééedetqodiesdTHeiteeerth qadtiteqLibhe s edettlehithGheikestofr2B]1 in Christchurch,
New Zealand and iNdvaZteplerse mnahi o tpricedesdat ap porivetey ¢o teid dyp poetunity to study their
effects on commueeffiestand potentiahigrosndegoteatihlqergkesu Raxigna phapiadess. Design practices
need to be developeekthtd beedeviehepedt hhairmentrsdinevd thesigmerriteriarthatissige criteria that some
areas in the Unitedifdasen heelbeiged Stabespheneebégun to implement.

Calamities from tsu@ataistities ¢eoth gsiakemssniuchambaubikelistmbebomere Hielytty fecome a disaster if
it occurs in a popuittectareiranpohedatddereratred whmmitrgefdratbstotayjapanThe Tohoku, Japan
earthquake of Marehriiq28kd abMbided i tAectsmbanedawitid tineage harttieand damage to the
Fukushima Daichi FukdshirRe\Deaiha i rekislitebinep &b apsesudted timepednsipe atneadf the worst natural
disasters. The tsundisdsterseeJ e ts estimatealés veergeefitommafetbtd7rdngei froeightp 37.9 m in height,
causing the majority i ivgftdrst nunctjorétl edthofrd st fetithendestyuletio 6w dhfireaely 14,000 confirmed
deaths, 5000 injuridsatimg] 5@a6lyn]60€5) anidsieg)\b ik OQ0en tsaittg) Sheeattauesemilt to meet current
design criteria perfdesigd oneeaih yenforet e B aneagh hasybeelh. Rramagly has feast pramarily to infrastruc-
ture that was built tuith thratchaedustrimgbnhseil ressdesiggeriteriardspdesagy ariteria, especially in
those areas with stthoberesedmtvitid stod dtavesthab did nesistaveet suconpo redstamtbéncorporated in the

design codes. design codes.

Planning for tsunanilaesishgrfce: t$uisdikeé yestsat foduitei stikety that fotudeng fuighwesyincluding highways
and bridges located atbbeittgtsd coatstd| d osastwithtakeasttd aceauwt!thakel geotsacaumit the huge tsunami
impact force. The éxteasivéonst rlineeaxtzinsive inst duby ¢ apainobe fdaecth by Jahequbkéore the earthquake
to some extent hastp swidedxdendaits proeddd waatibofewrajdrehatio pldratingy help in planning

for the future. for the future.
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A Sibly and Walker study (1977) is referred to as a point for discussion. Fitting the

trend, two bridge failures are considered consistent by H. Petroski (1993). Petroski
points to anecdotal evidence that suggests the theory has predictive merit. Also, the
managing director of Brady Heywood, Sean Brady, has looked at the technical and

human aspects of this unfortunate trend. Refer to http://bradyheywood.com.au/up-
loads/129.pdf.
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It may be pointed dutnthaberpointedures that owouy tild res tbatvoatiodusingeconstruction or demo-
lition do not get repootedolihet meseepdotad e presdriirtd gdsiomabed of bredges. located in the U.S.
highway system is leighemaglyylstgn [sektodmdéybagl nhaokteh adegantk avdideatalnce and accidental
failure can cause ffdilves taocaussdailardhio 3€cyeaspaserébant ¥0ikess jasMéaent failures in Min-
nesota and WashingteoiStaid Ndashshgtem 8B€e hrafelshowioABEthods withtbettenethods with better
quality control shogldlitg! pdntred shiongdHeefpeiquesthycdd gaiheréequency of failures.

6.2.2 Importancé.af2dielpstifenengf ideksgifisiingableuspdgsion cable bridges

The importance of idexknpfinesccnafudpdnstdmbsidige sdsgignsicas beidgmdesigrs was recognized as
far back as the 185fs. Back esribeql@Sle, Koz bhngiggenes; tRoe biitigadgetieatiog utilized stiffening
trusses and auxiliatyuseesared sund|deykt s bd ity) sl eerdiadis $tedtilite, @ledanhtsnthat are evident on

the Brooklyn BridgteéddiayoKlye gridgelteliayinbhio grafistiffehimip tissesfastidfeiring trusses and ties
culminated in theicabeénatettomt bleér EdrceneeNeonowheBradgm & Nlameessiddge. Failure ensued,

and the Tacoma NandwiseBradgenwdN aetowitt Briidhget iffes neg uilt ssethisiiftetdd gliresses included. These
failures provide sofadunesghroiite seghigemighhihidsnapkgemeerdadcalod thadmapeetance of innovative

structural design. structural design.
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3.4 Maintenaricd Maintenance

Of all causes of bridgelfaihused aktofdgeaifaidmen dedk temaosieperventsbhe mdsalpreventable. Initial
design assumptiordesigraldgsey pridvswsledycoety dio be dodbridgenditioastfonfridge connections.
As bridges degraddérbridgesidegnaeletlcaxpesvirgrepiergab edposuosy egtogj@nihgxposure to deicing
chemicals, connectibastitatsyeom mecditris tledhtesye meeatdogttadenat inave beagihedinally can become
fixed and alter the Bxpdciad tliestérecxpaereth tfansésraofdintantia feredsiain dxesesions, which causes
damage and in sordenagss faiduire stmee disemfaibrres|oradatiticrseoseotion loss tause section loss in
steel members and iemh eneten beirsfa e woerd ek ettt e toestrewp tbhdeg dsdiatistmength degradation
and increases the lakeliodastbtidgkkelinoad of bridge failure.
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For example, the Sgt. Aubrey Cosens VC Memorial Bridge in Ontario, Canada, a
steel-tied arch bridge built in 1960, partially collapsed in 2003 (Figure 31.14) when
a large truck was crossing (Biezma and Schanack, 2007; Akesson, 2008). Previously,
some components of the bridge had failed but the problem had gone unnoticed and,
when the truck crossed, the first three vertical hangers connecting the girder to the
arch failed in rapid succession. When the first two hangers failed, the next few were
able to redistribute and carry the load; however, when the third hanger fractured,

a large portion of the deck displaced. The hangers were designed with the ends
free to rotate, but these ends had seized up over time with rust and become fixed.
When fixed, they were subjected to bending, which caused fracturing to occur on the
portions of the hangers tucked inside the arch. Fortunately, no lives were lost in this
partial collapse, but this failure highlighted the necessity for understanding initial
bridge design assumptions and ensuring that these original design assumptions

continue to hold true through a program of maintenance and regular inspections.
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Figure 31.14. Partikigotkapdeldf. ftertSgitcltmeses dfl dmedigtl Bdskges( Bigmaniad| 2032e.(Bagnariol 2003.)

Constructed in theJetesiiizisdthre thidviert & s cvimn Sdhieg BdttigeaoahWesti WgrOhio and West Vir-
ginia was the first ginfewsiotherfitgesnstenbloitdd iSiatasn theaddritg -Stateptb use high-strength,
heat-treated steel dyetatscated stemh ayetrateas tensiectimg thipestricogeredivrifehe stringers to the
suspension cable. Buspegsioshchble: DurP6Z rastepeharifF 6%, 3h ¥yebrac({krgdret31.15) fractured at
its head and caused s tvead pletkcnlizose ob el biedpéd|akiskrgf #teprogie, kilthogidé,people. Corrosion,
fatigue, and nonrethiigden bdesigmoédbadyebdesigerothheryebasasens the faibjoe reasons for failure
(Lichtenstein, 1993} Saktteastaima 1. 9260 8 b i mnaagead\2ed8h & his tcagrghedsddlrel st Congress to adopt
systematic inspectisysterhatibindgesiiotiscofalitiridped indbe eoginiegenawaedefdhgineers aware of the
consequences of questeqabhreh ofcgs éstdesahhesgeaibes trodesigrdspecsbeatinosepade to save money.
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PLATE
Figure 31.15. SilveFiridga hylficslimyetBridgerepitah eletil(¢6FS R dA850)detail (NTSB 1970).

The Hintze Ribeiro Bredgmitz®Brbegal Bridg e i 8571 agH b gmeidtt im ABBY (Figlmeszt 16001 (Figure 31.16),
claiming the lives afa5fhpep phe tiwes|afd hpedbple dnal thireg icaesblkasid¢htaessars. The steel truss
bridge with superibrpdgedvitinsugtertegdosed soppeteddrk gras segperseunbyirgtearite piers on timber
piles, spanning 33pitaspepatieipoid6 Rivevdntherflouest®inePontngathWesttabifioytugal. The stability
of one of the piersofasnerafertneipied by ib e fodeermgeof bl vevbovdeptig dddle aver depth due to a
combination of sared mbiviaamdfdemd peritigre(d dara apdBtistos (26132 AntlBestos, 2013; Antunes
do Carmo, 2014). Tdee (aweon20d4ichib led ¢o wader dé ptte lkxlitadstmm of the poemdation of the pier
and the eventual caHapseeadviret baldgdlaple oblthpderldgeoTinerneldapt=ei rexpatiommediate inspections
and repair of bridgasdirepaid &obiigiges around Portugal.

Figure 31.16. HintFégRiteeirh Bri e presR ites | aqEex{@e tpdStectst| s Bfiatgolredit: Enciclofurgo).

Scour, the removalSab backfd| remonal diebpiddblynvenfakeqaiesdd, theerdllapseafsed the collapse of
the Schoharie Creeth 8 fidget(FigpuCeckk Btjdgd g umetB . Unh)iedl 98itdn (Sterdnind States (Storey and
Delatte, 2003). TheDelatigirda03)e€hkridge giedesigtpelrbridige cdhasedy ppactedfimoclosely spaced floor
beams and longitukas stnmiglensgitudinalstei pges dhecocouetegienstéd ¢sdmyg estimated to have
been 8.5 m to 13.5 begn@de mioddthersuppdetiofi ned tfebe ppend ioftcoduafibigeypiexs introducing unex-
pected stress, whigheleiddtrastabibictabidntg amd tdtd esthiackiedaihd ¢ {wdtisoate fadlure (Swenson and
Ingraffea, 1991). Adidgiaffedly) 98d\rAdaii ireaflpvecius fspecied flowavis saspebiettdo have contributed
to the failure (Hainoahd fZahiter{skyi 20863 TabikpwkyfR006)oTke spvanskidlingtbOthe river, killing 10



people. The collapse highlighted the importance of postflood pier inspections and

the vulnerability of shallow footings in riverbeds.



people. The collapse highlighted the importance of postflood pier inspections and

the vulnerability of shallow footings in riverbeds.
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Figure 31.17. Schokigned3¢ek7B dgehaolia iseeluB tid géecaltapss HS & $o 1287 Scour.(USGS, 1997).

A combination of doowsibmdtitaradfnaotionjd;dge shewptiod fitiglge cleekiremd fatigue cracking
caused the MianuRisedBhid gdibm b IRRiguBeid id 8 ifail g ukd| Bigliverdl488q Kidling several people
(Fisher et al., 1998(Kisirbo\gt15184) 998y (asibov)j 1 984) steetnpkitngimdhisbstdglepledetgirder bridge led to
geometric changegieothetjomttemg ge ive thie bimtaan it ipatedafed em Tt gipiateth flonees. The joint failure
led to increased inkpettioncstasddrispactioct standatids|dritges, as wélicas bedges, as well as new
nondestructive testingd BB Tcinet hestsnty ObSEvenstterdatohalggese internal changes.
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Figure 31.18. MiarhigiBeddeld|IvpsaslBsklgo&e)lapse.(NTSB 1984).
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14.1 Introduction

The most commorT beusessbicbndgefachusesrefshridgertdibume designudtficieanidsjesign deficiencies,
corrosion, constructomsiod sopestisidio mistdkaspeccisientah stekkes d aridentplacterload and impact,
scour, and lack of stainteaaddedkrdhspaitien{BoezondesptSebar{Bikz 200FNdI6chanack, 2007). To
overcome the adveosereffectsttrusddebyet kferdeatavivadtby dtesetdetsyicepbédastductures, repair and
rehabilitation workrelezblditat mmoaoikdeed$ronbé¢inaertediont lormgradtigese during a bridge's

service life. service life.

In recent years, thd mapicedeied osatienrapid adterid gatikinuafstes Has deesinecisers-has become a seri-
ous technical and exonimatioigad bledneoo noanicqoobiees i e ding bothiek\vieldpeldng both developed
and developing coantridsvéle phogveoimEigesl Ad Ghiptire ibrid ge IuiliA) the hrdigedbuilt in the United
States between theSt9stmtd ¢ O bh eXl9ibiearst ISe0datehibitt b seby th d &i28dsratidn by the 1980s and
resulted in the publésatitadsisuitie gsutiioaticas s iR as: “Pre OreajirRuingabhe Becajing Infrastructure”
(Choate and Walte (CH283¢ dndaWatteb i) b lagdaninlgritges paidt enomogrtice repaid economic
growth period betygeewti pd@66sband k38 tlsebtg50sterak1iB30d dtegmrdbmxtimbihdeterioration in the
2010s, as can be fa20idsn s gahdb Byuichoe thgnl 4)aRn Smoeitiséha¥ afembecarres” has also become
a concern. Taking thedidpgesTald egtttan Bddgeso(ther bradpgbdpsags ($hevimedide)dasign service life) in
Japan as an exampleptheastio besrmetbedratio drka by feasad Périma 2RId\ 6raddons in 2006 to 20% in
2016, and it is predieiéd sodétdsopredi¢®d to BO26pandifs in FiR.6l42shown in Fig. 14.2.
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Fig. 14.1. Bridge inventory in the United States and Japan. (A) Bridge stock in the
United States. (B) Bridge stock in Japan.(Courtesy of MLIT.)
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With aging, deteri®Vatioagoh g ritkgesibextoomesfabsdigess hpabiees asdrsedopsbblem and seriously
affects the serviceadffiest s tiiedierabitiay iviff\b ainlg ebu rEibelief oot bajaimes Thtereépesy,appropriate repair,
strengthening, or reipéaggtheningpor sbplalct beepe famk sdarl d gedpbridgmettoctaged bridge structures
to ensure their godd pestomtheiegoct vécboromatite m Afeidens odifeans'Aftmritens of years' service,
these old bridges ribedetoldebsidgestheadd artie giatiy goinehedrinbég talig des tre whole bridges or
repaired locally forregréaiedsteeh hydorheentaor sepdh cad e forecbladgd.imbpeefora, bridge inspection,
maintenance, rehabilitateorsmety ot bijtedsolne mee;clutiaigatelditichas dsstaécabiléty has also become a
very essential factoreiry ess¢etig deatp bidgentegipeeaiphridge engineering.

The repair, strengthbairepaindtreplgteemeng pae dlospltopioe b dreltdosettopicptiodsalternative options
for bridge engineefsr bieldecsigim ebou [Bhieedetisie astoodid htontlae e anerdoog do- the current condi-
tion, predicted det¢ivorgtied iztetcdeterqratics) and tomseguehceymdithecestiofsratnedial measures at
different stages. Thifperepdsstafenai htepangesendf nepaintactiviceearid tee peapabtidges is to keep bridge
structures in functeinatturdssafedeoatitiahanad taéesdoradioio peesitte kitgetierapehmits. In general, the
deterioration or dedetecidoaticam @rdestcictiynrapid proceedstered; piddy mostpsteatied, and postponed
maintenance can resail tentrecd eeel opsaéninothe diprete panejobsf Tajsrpepaipjobs. Thus, prompt
and adequate maintehadeg isabe paitatenforcegied pdga stricrtaged Gddgiestingtures. Considering
the relatively high tostr&datreglia titgh aostelbaseplagrepbsmechoththgreablimpact on the public
transportation, repaarepd tEog; e pangaond Hteeagtt dridgesnipengea pridges is generally more
preferable (both erprieferatdadbthed econamaidallly) dhaneto demidisly Jad meplaleamolish and replace
them by building nidve brglesi INievg ribvel bssd g eid géaeptde sssnb rsdgeoptilace measkis an option in case
of severe damagesaffseveke daragaeobnd blightuctstesf ardadigivest casg tfereipegr or strengthening
work than replacerwenk tharcmpitiectiont trisegenstallgtiohattl ideggsierally awoskedecision to choose
among repair, streagtbegirepaindirepigteeméng, budtheptgrttomectpbd behs mplibedould be simplified
as: repair now, repag: letpaj strengthpaitaltte rp stubtngtdtety letpla e (Ryah =ttedy. r@0ladk (Ryall et al., 2000).

In this chapter, the ndhisndalyteseth eepamn aroh b nesegt e pangated ishiqugsHemisigaechniques for steel
bridges and concrdte dgisganditice deschitbdde will be described.
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Introduction to sediment transport in
open channels

Hubert Chanson, i itbettaGhias sdr) pre i ¢dhaniek Fdb @ feecaind hiditiBlow20@4ond Edition), 2004
Discussion Discussion

A spectacular accidéspects téalk acpident veashthid g tplnge rive2 b Sdgeefaibere260 2 inSeptember 2002 in
Taiwan. Located befavaam Kaotetiedh getne Singlamiuity, e RikgiTlorg ditydidesfiiled long bridge failed
because of scour abecmipécofabedunattoibgeidgetradritedhérboiggatiad fereabioubperation for about
22 years. lllegal graz}dreddilegal pstaeahd reagsugpauteddonbeasrmuepebtedatesbe one of the causes
of failure. A 100 mdéfeglbrid geldd@ tio hodig ppietg takenigar8 dedppled vaikinig, Hivehales with it, but there
were fortunately nowfata i Wi tehe seefadelitiebed it nessbii d gswibed asrihe bdinglsoend as the four-lane
bridge broke and fbliidg® iheke \erdRelemt oefeeerces Rebeidgefarkmessaimdbsodge failures and scour
include Hamill (198 add Neetvillé 9D CadeMdaly20Oahd Coleman (2000).
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Mohiuddin Ali Khavl @hiddivi.REiKhBi@HIB., M.Rhik|dbd€ePHridgeACoristaied Bridge Construction,
2015 2015

8.2.1 Example8.aflaktaah s of acted ffdilveeocoredititalure conditions

There have been retbetekavebesofracard dadygel ésibfrestanhlead gz farkicenditiveas-failure conditions.
A bridge in Washingtond§ate Visipisegtose Sthtegddi lepspedo penthirtg e esppradpBhte the hospital.2 The
[-35 Bridge in Minka5pbtisigelinrdsoteaplbdissédimtesitta bbiksissedpinRovdra ivEOSEsippi River in 2007,
killing 13 people akdlingutthgeble and injuring 145.

The Maine Departitten ividi e Dspantationt(dM JireeD @b aseniMethe PeXTg| tdsemdled a panel that re-
leased a report in 1685¢d Keepiog ©W0BTdGesesifeg’ OLivad rielges Satm't Menedpoit found MaineDOT
was responsible fowZ3%esp&nsible hord i nfthe ctate) 26 §exf wliheh siate 205refhdrich were more than
80 years old. Transpontaticrotdfitralsspetntatited olfatiaBlebtidpdedvthatd 238 diridges would be at risk

of closure or weightf rdsisintecorsweithlih eestroatiens within a decade.

Transportation for Fravespeanté4i antfon Ansefétp advoationgtsafetfoathd ddajrgrdad) found Maine had
the ninth highest phecemntilgd ifrstst prencd htaigd of strbcidigelyind ¢heieot brydges in the county. The

University of Mainehaetsigndhidived hathblead irestingdseviehaldythtestbnglgeseral Maine bridges.
Recently, the 1-95 RedgethfdherbSe Biielpdutictag Sisearkenawusked gl Stveaforwdeshut down for a few
hours and heavily Ibeded ahdhedvilgdeaded dsedpdrieskseetfestsd be testdshkaifeats the loads had on
the bridge. the bridge.
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2.7.10 Revisiods/tdN®Mssions to NBIS

The inspection and hatimgpedted wred reiveg) pdecgduneefurtivenaderpentoflontieg changes following
subsequent bridgestakegaesudiriage failures, such as:

«  1-95 Mianus River Bridgedis V883us River Bridge in 1983

«  Schoharie Creek BridgeSichb®aYienOxesk Bord ge ihQRf2ess \Nadu¥o duertd @ypress Viaduct due to th
Loma Prieta earthquake_on1989ienaCifoimiake in 1989 in California

In 1998, the FHWArd998iteldet hht\WAaebti30¥edfttret nearly 8004060tbe dgeslin6th@;,000 bridges in the
United States werelboited Stetkstwertucalhgidefied stru@iueraly defteientil @ve baidgester million bridges
built between 195®ailt H&tewro i b 6eapudrd 97 ajeorddaies; oird evkajeptepament deck replacement

in the near future. ifoteesueerthe best iese ndu renitedbesinies, of ik endtegi meerifeg, wise engineering
management is requirexeéBnietgeisaibauesatt blriddrefailoidsdheed poduetmoidaeddt a predetermined
cost. Load postingaesjuireadepostingasteprentbetsight distepiomthe right direction.

The following revisibesfoltreimgdeisidiBl Stere made to NBIS:

« Inspection frequency: Malnspeataomifispeetion fequaintyofi dspens dorfbeqigescy of 2 years for bridges
exceeding 20 ft in lengtéxceeding 20 ft in length.
«  Fracture critical members(EGMeronistdlenderbiéfsed:CM) must be identified.

«  Underwater inspection pidudduvratearaseepioachrocedures are required.

«  Team leader certification Teqmifemdentsniifivatieviseduirements were revised.

«  Inventory datoefor state bnvigetoayedtncbfou piidbellididsi nreGa bes wpithtedywithin 90 days with any

changes in load restrictavanges in load restriction.
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Sterilisatbberdosadideratinsisl éoationas for im-
plantableientdrleysiaros systems
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Biomaterials and coatings

Host response to impsimesperssdesiim phenpeirsenyscrase tfesensoafyibatesBofdgesor failure (Bridges
and Garcia, 2008). I Geaitidy| 2 M08)riBher ialaibdbéetbiomlaseaiadsfhbild egreshethile fluid egress while
allowing the transfeltefibig thertrizabfercod rsioghiesse odlthecprea tegirebatie bige goetiest challenge to the
performance of impéafdatlanseneb irmystEmsb lecseason pyst drydrdgel ecatiplgs hgdeogel coatings have
been explored as ahewseetipl sredaae avpod éntad| oo ta ce niod ifrea tiostteeaotido tohid @ ost reaction to the
biomaterial, but hysicogetedah batdyeregglaftactée bytbesetynaffdored fey tiveedoioditions required for
sterilisation, such s$ettikshtiatrgrsd gasestire he&Qiod esesidativé Effectthraxidative effects from radi-
ation sterilisation. Atndiafeleliigaiofackrttiefoolemgssoftfand nrtatie antivefiegredikrde active ingredients
that provide anti-ithanproaide age+ittontheasarfazgesta to¢hestofeca meaactedres to counteract the
host response, suchast tres psase, siicte asttie (We afdiivleyedldef\R008) AW egerimost 2008). As new ma-
terials and combinativals ehchedeniails atitsadtm g dalsgs; thi obegings ndrogssHrinloglics and mechanical
treatments are devielegtede etxchrendetdie ped | estetd mrustebidised| vatag asestesilistdimomponents within

or on the surface ofrtbe deeiserface of the device.
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