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Kwinana Freeway Bridge Abutments — Value Adding
Through Innovation and Partnering

Mr Doug Jenkins, Principal, beractive Design Services.
Chris Lawson, Engineering Manager, Reinforced Earth Pty Ltd.

Synopsis:

The dutments for Perh’s Kwinana Freavay extension bridges ae believed to beaWorld' sfirst, in the combination of
integraied Reinforced Eath alutments with full height pre-castfacing panels. This canbination alloved lridge spans
to be minimized whilst maintaining simple ard rapid erection procedues awnl a high quality finish matching in-situ
structureon ealier sectionof the Freavay.

The original conceptwasdeveloped for Thiess ntraciors by the projectdesigrers Breghle Gilchrist & Evars. The
Reinforced Eath Company sucesstilly tendeed for the supdy contract with a revised design providing further
savings in cost and easeof corstruction. The final desgn requred detailed corsideration of the interaction of
corstruction andbridge loading on the facing panels and the reinforced ®il alutment asa whole. The process was
brought to asccessul conclusn throughcooperatiorbetweea the threeparties nvolved.

This pape descibesthe desgn and constuction of this project and considers the advantagesand limitations of this

form of constuction.

1. Introduction

TheKwinana Freeway, streting outh from Perthto Kwinana,WA, is being exendedby 11 kilometres toSafety Bay
(Figurel). Theproject ncludesl12 new grade separaed interchanges,which arethe aubjectof this pgoer. The cotract
for desgn and constuction of the freewaywas awaded to Thiess ntracors in early 2000. Thiess sbsequertly

appointed Bruechle Gilchrist & Evars (BG&E) to designthe bridgesfor the project BG&E devebped an innovative

abutnent design ombining renforced soil abutments with full height precastoncrete facing pzels and integrated
bridge supports. In tendaing for the éutment suypply contract Reinforced Eart devebped the desgn to incorporate

their proprietary sdl reinforcenment products, am to further improve efficiercy andconstructahility. Reinforced Earth
were awarded the cotract far detaileddesign ard suppy of the biidge abuments in March 20®. The final design was
developed in close coperatian with Thiess and BG&E, alling the project reqirements tobe met in avery tight time

frame.
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Figure 1. KwinanaFreeway Locality Plan
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2. Client Requirements

A typical layait of one of the freeway bridges is show in Figure 2. The design brief included the following

requirenents:

Twin spanbridges crasing the twolane freeway ando accanmodate the future Soth West Metroplitan Railway

(SWMR)
Bridgeahutments andwing walls to be @nsistent with the treatment of the exgting freewaybridges

Construction techiques to allav ragd corstructionwith high quality sufacefinishes.

3.

ABUITMERT o
i HEARN

S TR I LS e
| —T—=
{ | | !
i | LT 1
+

1
- +|__ 1 |

Figure 2.Typical Elevation

The BG&E Proposal

A crosssecton of the dbutment facing desgn proposed by BG&E is shown in Figure 3. The nmein featresof the
desgn were:

Vertical loads from the brige deck are ransktmred to the foundations thiough sipparts integral with the facing
panes, alowing the bridge $an to be ninimised.

The support panels hcomporatedtwo cylindrical vads, asforms for the deck support cdumns

The deck sypport coumns were supprted on large spread fatings, which also supported the itermedate
abumment facing panes.

Horizontal loads from the bridge deckard soil loads were taken by a reinforced soil system using flat galvanised
steel strip raiforcing elenents.

Thewing wall facing panels weresimilar to theabutnent intermediate panels xeept that thefront facewas arved
to allow the wing walls to b corstructedto a snaoth circuar aligrmert, without stefs at he panel joints.

The wing wall panels were provded withsmall levelling pads to sippart the panel weight during corstruction, with
the ngjority of the wall weigh being supparted by the reénforced sdl mass, as ina corventional reinforced sal
wall.

_ 350 e 350
-
| = = —~—WELDED CLEAT
TYPIC AL
| ]
[=)
[=]
L3 S
.
} . al 8
T g 2
| Bl T PR b s
1] .'
o !
o =
'_':v.EI:— = =10 x 20
CHAMFER CHAMFER

Figure 3. BG&E Abtment Facing
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4, The Reinforced Earth Design
A typical crosssecton of the wall desgn finaly provided by The ReinforcedEatth Companyis shown in figure 4. The
main changefrom the orighal designwere:
The largeded support paels,with integrated calmn formers, wee replacedwith flat panels with two spaate
precast bannels toform the de& support columms. This allowed areductian in thevolume of precastconaete,
ard a sulstartial reduction in the maximum panel weight (Figure5).
Wing wall panels incorporaing a20mradus arvature.
Reinfarced Eath proprietary soil renforcing strip was usd. This is aribbed gabanised steel stip, providing
significantly higher sdl interface friction thanflat steel strip
The spacingof the sal reinforcemen wasrevisedto sut the new system
The n-situ concete elerents (thedecksupportcolumns and headstock) were re-desgned to suit the revisedcross
secton dimensions.
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5. The Tender Process

The design andcorstruct cortract isbecoming increasindy popuar, ard urdouliedy has adwantages in gnerating
tenders thatoptimise design efficiency in terns o both suppy of materials ail construction costs. This form of
contractdoeshave anumber of potential disadrantages however:
The focus oncost nay be to thedetrimert of the quality of the progct.
The time allovedfor designin the tener period is much shater thanwould nornelly be allowed incortracts
whereresmnsibility for design andconstruction aresefarated.
Decisions takenat the projecttender siagemay precludethe introduction of innovative desgn processesral
specalist technguesatthe final desgn stage
Lackof time, ard the requremert for tencer conficertiality, may reduce he effectiveressof specialist supliers in
providing desgn advice and assstance
Since tre cortracbor is takng therisk for the ccst of the design, familiar ard proven constriction techmques nay be
preferredto newtechniques

In spiteof thesefactors, in he caseof the KwinanaFreeway abutments an hnovative and efficient alternativelesgn
wasprovidel, that satisfied theequirenments ofboth the owne and the ontractor. he siccessul implementation of
desgn innovation on this projectwasaided by:

A project brief withclearly statedequremerts for te quality and appeararce of the finished product.

The willin gnessof the coriracor to consider ard adop innovative design sdutions.

A tenckerprocess abhwing suppliers time todevelop designalterratives.

A coopeative gproach beveen thebridgedesigner andhe wall systensupplier.

The ende paclagefor the abutment walls included desils of the wall paneldesgn by BG&E. During the tender
period Reinforced Eart devebped two alternaive desgns:

A desin using discree rectingular panelks, basd onthe standard ReinforcedEarth system

A designusing full height panels with integratedabuments, similar incorceptto the BG&E desgn.

No ReinforcedEarh stuctures ncorporating both full height panels and integraied abutments hal previously been
constructd. Because thiform of construction does ngiossestte flexibility shown by the stadard Reinforcd Eath
systemit was mportant to verify that the systemwould behae as ntended both during ard &ter constructon. During
the tender paiod the desgn ard the construction procedures tad to be developed to a siffi cientlevel to be @nfidentof
satsfactory behaviour:
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OveaseasReinforcel Earh companies with experigce of aspetsof the designwerecontacted. Retaining walls
using full height panes$ of a similar size hadbeen constructed in the USA, ard integraied abutments ushg dscrete
panes had beenusel in Spain. These ompanies provided typical design calkulations, constuction drawings, ard
adviceon constriction procedures.

A detailed aralysis was carriedut of the stresses in #wall panels andthe sdl reinforcenert during trarsport,
erection andbackfillin g.

The effectof corsolidationof the foundation andthe backill on the stricturewas alysed.

Thedesignof therevised dek suppot columns wascheded for vertical aml horizontal loadstaking accounof
the interactionbetween te cdumns ard the backfill.

During te tende negotiations ibecane clear that théull heightpanel systenbetter suitedhe requirermrents of the
contracta ard the owner, andthat the foundations andbackfill pro perties were sitiable for this form of corstruction.
The designwas progressively developed during the terder period in conjunction with Thiess ad BG&E. The suppy
contract was finally let tdReirforced Earth in March 2000. Contractrequrements included

ReirforcedEarthto take ful respasibility for the design andappoval of the alutments ard wing walls, including

the de& sypport columns.

Detaileddesigngo be prgared ora fasttrackbasis a information becare available.

Delivery ofprecast paelsand chanelsto suit thecontacbr’'s programre.

Designof liftin g, trarsport, and handling systens.

Provision of on site construction advice.

6. Previous Examples Of Full Heght Panels And Integrated Abutments

Full height panel retaining walls have been usedon a number of projecs in the USA. They have typically beenusel on

large projects whee te large pael size allowsfast andefficient erection Although the systen is popuar with
contracbrs it's usehasbeea resticted becaiseof the needfor good foundaions, rot subjectto significant differenial

settlement.

Reirforced Eatth had developed the corcept of integrated abutments in the 1980’s. In this systemthe deck suyppat
columns arebuilt into wall facing panels; anumber of projectsof this type have been costructed in Spin (Figure6).

The dedk support @lumns havebeea formed bothby circular voids in specialpanels, ad by precast bannelsplaced
aganstthe backof standad panes.

Figure 6. Integrated AbutmeRacing @veloped by Terra Armada.

7. Design For Construction And Final Loads
In a cowvertional Reinforced Earth wall be flexibility of the relatively small facing panels allows bads tore-dstribute
during corstruction, and vertical settlenent canbe accanmodated by opening andclosing of the joints. Horizortal
deflecions occuring during construction can be adusted as work proceals by giving each panel a small preset
inclination The use 6full height panelsintroducesseveral potertial probdems:
The panel, sal reinforcenen, erectionprops, andbackfill fo rm a redindant systemwhich may catse stress
concertratiors, with potertial for crackng of the panels or yieldor slip of the reinforcenert.
Parels must be pre-set athe startof constriction, to allav for rotation abou the base adack-fill proceed.

The systenhas limited capacity to aquedifferential sétlement, and show only be usd on uniformfoundations
with predctable settlenent.
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The corstruction load aralysis was carried out using the finite elenent package Strand. Thewall, props, andsal
reinforcenent were rodelled usig 2D beamelements. Themain featuresof theanalysiswvere:
The sal load, andrestrair from the sal reinforcenert, wereadded in siages, to modelthe actial sequenceof
constriction.
During corstruction the props supjerting the facingthe panels werewound back slighly as filling progessed, ath
were renoved whenthe fill reached the heigh of the prop head This seqence was mdelled in the aralysis.
Uppe and lower tound values wee usel for the stiffnessof the mnaete facng paels, andhe il reinforcenent,
to find the nost seere loadng on bath the cancrete ad the reinfacing strigs.

The stand7aralysis was alsasedfor the interral design under in-service l@ads. The external stabity was checked
using conventional ReinforcedEarh desgn progranmes.

A separak analysis was caried out for the desgn of the ded support columns and healstocks The design loads
consistedof:
Vertical beaing loads with variable eccentricity, to Bow for beaing movenent andvariations in thepanel
deflection during backfill. The specffied live loadwas he new SM16® load.
Transvese badsas pecified by the Austroads Bridge Design Code.
Longitudinal loads dueto beaing shear
Transersedeck loads wereresdved inthe directionof the abutnent, resuting in high longtudinal loads in sane
high skew bridges.
A 3D frame analysis was ¢ded outon theconplete abutrent system, including ded support columns, fachg panels,
ard sdl reinforcenernt. Upper andlower bound stiffnessvalueswere agan usel to find the nost sevee loading on
each elerant.
Typical output from the analyses B shown in Figures 7 and 8.

Figure 7.2D Analysis resllts Figure 8 3D Analysis outpu
Deflecfon x 100
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8. Design For Transport And Erection

Designof the lifting, trarspot, ard electionsuppot systens was canparatively stiight forward, but required caeful
anaysis ard detiling o ensure safeworking pracices,and to avoid cracking of the large skender parls. Reid
Constuction Systens piovidedthe lifting and support hardware, desgned the transport and erecton systens, arl
reviewed tfe lifting systens.

Dueto variation in the spacing of the bridge bearngsard in the height of the panels therewere a brge number of
different panel sizes,with differentreinforcing strip arangements. Itwasdecdedto produce a spaate fakricaion
drawing for every panel, indicaing paneldimensions reinforcemen locations, andlifting andpropping paint locations.
The largadrafting dfort involved provel to be aworthwhile investrent in minimising lost productiolueto precasting
errors

9. Precasting, Storage and Delivery

The precating sib-contract was awded to Ultrafloor. Steel nouldswere fébricated to accomodate the raximum
width and height of panel, with adustable top ard sideforms (see Fjure 9). A total of 5 parel forms, and2 channel
forms were usegdworking ona 24hour cycle. The forms were overed &ter cating to abieve therequired lifting
strength of 15 MPa.

Accuracy in theplacenent of sipport pointsvasimportant, toprevent cradking of thelargepanelsduring storageand
delivery. Supportsral shims wereplacedwith a surveyor’'slevel to ensure aacate bcation in line ad level. Figure
10 shows the suppdrarrangemert for the panels during transpot to site.

Figure 9.Adjustade Sted Mould Figure 10. Panel Trangortaton Detail

10.  Construction

Erection of he facingpanels column reinforcenent and precasteannelsfor each bridgevas typically corpleted in
three b four days. A typicalday’s production saw 15 wall panels erecte@nd prgped in position (See Figurd.1). After
reinforcemert positioned, the deck support chanrels were pacal ard tenporarily clanped to the panels atthe prop level
located aproximately 4 metres abovédraselevel (SeeFigure 12). Eection was empleted with theplacenent of
geotextile over the vertical joints.

Backfilling wasconpletedover aperiod of abouttwo weeksfor ead abutnment. A workcrew consistingof a loade,
bobcatroller, and three l@oures with plate conpactorsplaced hefill in 375 mmlifts (maximum). After ead lift the
props were waindback slightly to ersure bhat deflection of the @nels occurred everly throughout the backfill process.
When the fill reaché the prop heighthe props wee removed,and he clanps todeck supportlannelsverere-located
atthe top of the wall. The horizontal deflecion atthe top of the panels weremonitored atead ébutment, with a
uniform 0.5%aof the wall height being found satsfactory.

When thefill reached the top of thedeck support chanels thein-situ oncree  the columns andheadstckswas
placed, followed bylacenent of he dedk beans. Finallythe in-situded< and @d digophragns wereplaced, followed
by completion of the backfill and the run-on slats. A completedakutment is shown inFigures 13and14.
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Figure 11.Panés Ereciedandtenporarly propged inposition

Figure 12 Cdumn reinforcenert in position read/ for chamel forns.

11. Advantages Of Integrated Abutmens With Full Height Facing Panels
Theuseof Reinforced Eath integrated dutments with full heghtfacing parels has anumber o advantages,
particularly for large projects:
Bridgespansareminimised, dlowing ecanomies i the lridgeded desgn.
Inclusion of the dedk support in the facing avdds possible cnflicts betveenpiles and il reinforcing strips
The use ofarge paelsallows efficienciesn precasting
Largefull height panels allow rapid erecion

Full height panels may be pefearred for architectural reasons

12.  Restrictions And Requirements Fo Successul Implemertation
The sicces$ul useof full heightpanelsrequires asuitabk project ad site, and imoses a nuber of restrictions:
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Due tothe lackof flexibility of full height panels it isessetial that foundations areuniform sothat differential
settlanent will be limited. In the casef the Kwinama Freeway aifferent systemwas sed atone site kecawse o
poor foundaions.

Settlanent anddisplacenent of thesoil mass duringoadfilling has thepotential to mducelargestresses ifull
height facing panels. It istheeforeessatial that goodjuality granularfill is used, with well controlled placemnt
ard canpaction. The use of geosyrthetic reinforcerert is not recanmerded, becawse its lower stiffress will resit
in highe bending stresss in the facing.

Full height panels must ke propped from the frort until suchtime as tte panels areself sugporting. Site restrictiors
may make this inpractical in sora cases.

The tansport ard hardling of largethin panels requires greatcare and the useof large cranes.

The degin procedureis more conplex for full height panels, paticularly with integraied abutments.

Figure 13. Completed Abutment wall wiBWMR in foreground

Figure 14. Front View o€ompletedAbutment

13. Conclusions

Theuseof integrate abutments withfull heightfacing panels otthe KwinanaFreavay bridgeswas a siccesful
exanple ofdespgn innovation on adesgn and constuctproject The tender and desgn process dbwed the experience
and innovativedeasof the contractor, the biidge desigrer, and tle supfier to be combinedto provide adesign
satsfying the requirement of both the owner and the cntracor. The useof this type of constuction isreconmended
for consideration orfuture prgectswith sutable foundation andsite conlitions.
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