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ABSTRACT: Bridge substructures are typically constructed usingingstace concrete
components During severe earthquake loading, these types of structures undergo
inelastic deformation through the formation of plastic hinges. Although this type of
approach &s shown to be effective at achieving the base goal of ensuring life safety,
there are some downsideslating to construction speeduality and posearthquake
reparability.Controlled Damage Connections are a type of precast connection featuring a
combhnation of postensioning and energy dissipation components based on the
principles of Dissipative Controlled Rocking (DCRJ Hybrid PRESS. The use of
precast components allows for accelerated bridge constructith improved
constructionquality. The @nnections are detailed in a way that limits and constrains
damage in bridge substructures during earthquake loading and minimises residual
displacement of the bridgmeaning the bridge is more likely to be serviceable following
an earthquake. Repair g&gies are considered at the design stage allowing for rapid
postearthquake damage repair, minimising traffic disruption and repair daisthe
University of Canterbury, half scale testing of two precast columns and footings featuring
Controlled DamagéConnections wasindertaken as part of théew Zealand National
Hazard Platfornresearch programme titled Advanced Bridge Construction and Design
(ABCD). The columns were subjected to displacement controllediabiloading.
Following initial tests, the camns were repaired and-tested to demonstrate the repair
strategies and effectiveness. This paper presentsdmadirthis experimental testing.

1 INTRODUCTION

This paperpresents the design and testing of two half scale bridge piers featuring Coribated)e
Connections(CDCs) This connection type builds upon developments in Dissipative Controlled
Rocking (DCR) or Hybrid PRESS connection typBsiéstley,1991,1996; Palermo, 2004; Marriott,
2009; Pampanin et al,. 2010) and Accelerated Bridge Coristny&illington et al., 1999; 2004; Ralls

et al., 2004; Stanton et al., 2005; Marsh et al., 2011)

CDCsoffer the advantages associated with precast construction, notably increased construction speed
and quality. However, they also limitamage during seismeventsand provide simple and pre

planned coseffective repair options. This is achieved through the provisionunbondedpost
tensioned steel tendons or bars to lingsidual drifts in the structuresombined with energy
dissipation componentshich are easy to replac€onsideration of the full life cycle costs of the
structure is required when comparin® @€onnections in order to account for all benefits associated
with the systemrather than focusing only on initial construction cost. This iredugsing a reasonable
discount factor when undertaking a benefit cost analysippmpriately account for future benefits of

the system.

Two columns featuring Controlled Damage Connection types are discussedpapéisThe first is

Column CDCfeatuing the Controlled Damage (CD) Member Socket Connection (M&8ich is

similar to theHigh Damage (HDMSC presented in previous publications (Mashal, White & Palermo,
2013) The second is Column CO8&aturing theCD Coupled Bar Connection (CBCJhis conmction

uses replaceable segments of longitudinal bar. Both connections were tested, repaired and retested to
demonstratéhe application and effectivenesstbie repair strategy in each case.
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This papergives an overvievof each connection typalong withresults of construction, testing and
repair of the two test columns featuring CD connections.

2 PROTOTYPE STRUCTURE AND TESTING ARRANGEM ENT

The prototype structuréFigure 1)is based on the Port Hillsv@rbridge in Christchurghwith a
normal importance lal, zone factor of 0.3, soil type C and no near field effects. A ductility of 3 was
adoptedor design with a design drift of 3%.

The test setup and loading protocol is shown in FiguEea2h drift cycle consisted of a amial push
and pullin each direton followed by a clover shaped displacement path.

During testing, a 50mm poegtnsioned bar was used to represent both thet@osioning and gravity
loads in the column.
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Figure 1a. Prototype bridge system Figure 1b. Prototype transverse configuration
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Figure 2a. Elevation of test setup Figure 2b. Plan of test setup Figure 2c. Displacementinput

3 CONNECTION OVERVIEWS AND REPAIR STRATEGY

Both half scalecolumns had a section depth of 500mm and a total height of 3.amresgrecast
footings of 500mm depth and 2.1m length wereduseboth cases. Concrete wilrength of 50MPa

was specified for both colusmndGrade 300 steel used for all components that are designed to yield
aspart of the energy dissipation systempoovide armouring protection to the concrete. Grade 500
steel was specified for all other steel componente design of both columns was based on the
PRESSS design handbook adopting-aawrtering ratio of 1.f8Pampaniret al.,2010.

3.1 Controlled Damage Member Socket Connection

The Controlled DamagedD) Member Socket Connection (MSlrigure 3) featuresa Member
Socket Connection (Mashal, White & Palermo, 2013) ibisttensioning to limit residual drifts in
the structure. Cover confinement lisigpalling damageThreaded anchors are cast into grecast
components allowing for simpleountingof external dissipators for repair of the connectidhe
longitudinal bars were debonded over a length of 50mimeat@nnection interface, localising yielding
of the barand encouraging a rocking interface to foithe repair strategy is illustrated in Figute
and construction and repair photos are shown in Figure 5



For repair of the connection, a novel dissipator design known as the Groovdidjzator wasised.

This dissipator features a plain steel bar with grooves milled along the length of the dissipator,
reducing the sectioto localise yielding in the baA steelconfining tube surroundhe dissipator to
prevent buckling under compressive loadinghout the need for fillematerial such as epoxy or grout

as used in BRF style dissipators (Sarti, 2013).
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Figure 5a. Placement of column  Figure 5b. Application of FRP Figure 5c. Column after repair

3.2 Controlled Damage Coupled Bar Connection

The second connection type is the Controlled DgangCD) Coupled Bar Connection (CB@igure

6). Replaceable segments of longitudinal beg used¢onnected tehreaded studs formed in the ends

of permanent reinforcement using thredtbar couplers. The replaceable segments of bar are located

in a recas in the precast column element which is filled with-gagiace concrete or grout during
construction. Steel armouring is used to protect the precast concrete core, meaning all damage is
constrained to the cast-place material and replaceable disgyps Figures?7, 8 and9 illustrate the



construction and repair methods
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4 TESTING AND REPAIR
4.1 Controlled Damage Member Socket Conneatn

Figure10 shows benchmark testing of Column CDC, Figlteshows testindollowing application of
the repair strategy and Figur2 dives the uraxial force-drift behaviour observed in each test.
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Figure 12a. Benchmarkforce-drift behaviour Figure 12b. Repairedforce-drift behaviour
The results are summarised as follows:
Good benchmargerformance was observed with no spalling up to drifts of 3.25%

Paost-drilled anchorages were used for connection of dissipas&ther than threaded inserts
which complicated the repair process and resulted in some undesit&dslip

1 Some pll-out of dissipator@ccurredpartly due to prior damage to the footing ahd use of
postdrilled anchorages.

The column was subjected to drifts of up to 7.8% with no failure of the dissipators themselves.

Despite shortcomings in anchorage of the dissipators, good performance was seen in both the

pre and postepair connection ith a clear flag shapésible in the hysteresis loops following
repair.



4.2 Controlled Damage Coupled Bar Connection

Figure B shows benchmark testing of Column CDS, Figutestows testing of the colunfallowing

application of the repair strategy and FigdBegives the uraxial force-drift behaviour observed in
each test.

Figure 14. Testing of repair strategy

Figure 15a. Benchmarkforce-drift behaviour Figure 15b. Repairedforce-drift behaviour

The results are summarised as follows:

1 Benchmark testing of Column CDS showed good results although the flag shape was not as
pronounced as in the previo®D tests. This is partly due to unintended bonding of the
precast core to the footinghich restrained theocking behaviour of the joint, increasing the
capacity and energy dissipatiaf the systemThis led to increased residual drifts in the

structure however they westill considerably smaller than occurs in monolitbicABC HD
structures(Mashal, White and Palerm2013)

1 No slackness in the results was observed indicating good connection between replaceable



