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1. Postinstalled reinforcing bars; what are they?
1.1 Postinstalled reinforcing bars and theiapplication in construction

A common and longstanding application of anchoring adhesives is the installation of
deformed reinforcing bars(reban in holes drilled in concretéo emulate the behavior of
castin-placereinforcing bars (Figure2). Theseare commonly referred to agpostinstalled
reinforcing barsThis application cabe characterized as follaw

a. Postinstalledreinforcing barsare embedded in adhesive in a halelled in existing
concreteon oneside of the interface and are usuallycast into new concrete on the
other side of theinterface (Figurel). The bars may be equipped with hooks or heads
on thecastin end, but are by nece#ty straight on the posinstalled end

b. Postinstalled reinforcing batsin contrast toadhesive anchorsare often installed
with small concrete cove3f >c>2f, wheref is the reinforcement bar diameteand
cisthe concrete cove). In such cases, the strength under tension loading ofpitst
installed reinforcing baconnection is typically limited by the splittirrength of the
concrete(as characterized by splitting cracks forming along the length of the bar)

c. Postinstalled reinforcing barare typically not designed to resist direct shear loading
in the manne of an anchor boland

d. Postinstalled reinforcing bars N3 ISy SNl ftfté& SYOSRRSR |a NB
designstress Uy Using thebasic required anchoragength, design anchorage length
and splice lengthprovisionsof Eurocod@ [5]. In order to achieve ductility of the
structure the design stress will often be close to the design yield strength.

__————post-installed

reinforcing bar

(E) concrete (N) concrete

M

N f new roughened
E = existing

interface

Figurelg Postinstalled reinforcing bar

In some specific cases the tensile strespastinstalled reinforcing barsust be directly
transferred into the concrete. In such cases they are designed as anchors taking account of
the CCEMethod. The two designtheoriesrebar theory and anchor theoryhave peculiar
differences whictare summarized ifmrablel [16].

This Guide provides information regarding the design, detailing and installatiqgros#
installed reinforcing bardt doesnot address the design @dhesive anchoras governed by
ETAG 001, partfl], CEN/TS 1992 [2] and TR 029 [6&anchor qualification and design
provisions.
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Tablel ¢ Main differences between anchor theory and rebar theory

Key differences Anchor theory Rebar theory

Design standard EN19924 EN 19921

Load direction Tension, shear, combinatio Tension
of both

Load transfer mechanism  Utilization of tensile Equilibrium with local or
concrete strength global concrete struts

Failure modes Steel failure, puibut, Steel failure, puibut,
splitting, concrete cone splitting

Design results Capacity Anchorage length

Minimum concrete cover According to ETA According to Eurocode

Allowableanchorage length 20« , ¥ «n 60¢ X , X Y| Eqg; 4GP0

100mm)

1.2 Application range

As noted abovepost-installed reinforcing barsare typically used todevelop a monolithic
connection between new and existing concrete elements or structur@sstinstalled

reinforcing barsare used in both retrofitvork and in new constructioand are suitabldor a

wide range of applications

£
6
¥

) 58

Figure2¢ InjectingHilti HITadhesive in a drilled hole witHilti dispenseED 3500Ato simplify
installation ofpostinstalled reinforcing bars

One ofthe most commonclassesof applicationsfor postinstalled reinforcing barss the
extension of existingeinforced concrete R/C structural elementssuch as slabs, walls, and
columns(Figure3), either tofacilitate expansion of floor space or to address other functional
changes in the use of tha&tructure. Such applications usually involve the placement of large
numbers of bars W close spacing. In some cases thastinstalled reinforcing bargre
installed close to the surface of the concrete.g., using the mimmum concete cover
according to Eurocode provisions whereby thepresenceof existing reinforcig must be
taken into accoun). Where applicable, such as in a column, slab, or wall extengios
generally preferable to place th@ostinstalled reinforcing barsnside of the existing
reinforcing bar cage, both tminimize spall during drilling and to ensure adequeatcover.
Avoidance of existing reinforcing is facilitatedthg use of reinforcing detection equipment,
such as the Hilti PS 250 or Hilti PS 1000 scamsystgmgFigure4).
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Figure3¢ Applications involvingxtension of existing construction with new elementsng Hilti HIT
RE 500 and Hilti HA'Y 200

Since the required embedment to satisijchoragelength provisions of the building code
(typically -40 to 60 bar diameters) often greatly excesdypicalanchoring embedment
(generally limited ta20 bar diameters), speciptecautionsmay be necessary to ensure that
the holes aredrilled straight, the drilling processloes not spall or otherwise damage the
existing concret®r the existingreinforcingor other embedment These may include the use
of specialized tools such as the Hilti drilling alignment system and Hilti-fanicGPRased
detection systems.

Another class of applicationsicludesthe strengthening of existing concrete structures
often to improve performance.g. due to refurbishmengFigure5).
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Figure 6aSlabto-wall connection.jpg
Figure ® Walkto-wall connection.jpg

a. Slabto-wall connection b. Walkto-wall connection
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c.Onlay shotcrete wall d. Slabto-column connection strengthening
Figureb¢ Structuralstrengthening applicationssing Hilti HT-RE 500

A third applicaton classwith unique requirements is thextension, rehabilitation, and
strengthening of existing concrete bridgeend other civil engineering structureBigure6).

These applications are often distinguished by the need for enhanced resistance to corrosion
and temperature extremesHilti has developed unique shefiiction solutionsfor bridge

deck overlaysand offers hybricadhesivege.g.,Hilti HIFHY200)with superior resistance to
elevated temperature$16].

! Contact Hilti for further information.
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Figure6g Applications in bridge rehabilitation withostinstalledreinforcing bars

1.3 Compatibility of pst-installedreinforcing barswith castin-placereinforcing

Postinstalled reinforcing barare designed to transfer tension loads orfiktensivaesearch
programshave beenconducted[7], [8], [9], [10Q], [11], [12], [13], [14] at laboratories in
Europe andU.S.to verify that postinstalled reinforcing barénstalled with Hiltiadhesive
systems KIITHY, HIFRE)demonstrate loadtransfer and load vs. displacement behavior
comparableto castin-place reinforcind see Section 5)

Whenthe value ofminimum concrete cover is greatéran 3« (where « is the bar diameter)

(i.e., where splitting does not limit théond strength) postinstalled reinforcing bars

typically exhibit higher pulbut strength than casin-place bars of equivant bar diameter

and anchorage lengthin fact, Hilti adhesive systems can generate egjent uniform bond
7
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strengths inpostinstalled reinforcing barsf up to 2.5 times that measured in tests with
castin-place bargsee Section 5)

It should be noted that the method of load transfer betwepostinstalled reinforcing bars

and concrete inwhich they are anchored is bearing of the reinforcing deformations (lugs) on
the adhesive surrounding them. These bearing stresses in turn are transferred from the
adhesive to the surrounding concrete via adhesion and rdicction, whereby the lateral
dilation of the adhesive layer in response to the bearing stresses enhances the friction
mechanism. The concrete in turn develops circumferential (hoop) stresses around the bars
that canresult in splitting cracksit certain load levelsThis response is idécal to that
observed for casin-placereinforcing bars loaded in tension.

For nearedge bars subjected to tension loadthe ultimate limit state behavior is
characterized by splitting of the concrete along the bar or splice in respongieetboop
stresses developed around the bar. Provided that the adhesive used can accommodate
redistribution of stresgesalong the bar length in a manner similar to casplace barspost
installed reinforcing barexhibit similar peak strengths to castplace bargfor small values

of concrete cover)

In 2006, the European Orgaation for Technical Approvals issudide technical report
TR023 Assessment of Posistalled Reinforcing Bar Connectiofis]. This document
providesguidancefor verifying thatpostinstdled reinforcing barconnectionsbuilt with a

specific mortar system will exhibit comparable behavior to césplace reinforcing bar
connections in terms of loadand displacement behaviounder several environmental
conditions (see Section.5)

NOTEWhere it ishas been verified through appropriate qualification testing (in accordance
with EOTA TR 023 [15} similar procedures) thaa givenpostinstalled reinforcing bar
system results insimilar bond strength and displacement behavior as -tagace
reinforcing bars the design ofpostinstalled reinforcingbar connections employing that
system carfollow the provisions for casin-placereinforcing bars.

In addition the intended use of the technical report are applications which are allowed with
straight rebar according to Eurocod®[5] asshown inFigure8. ¢ KA & daf AYA Gl GA2Y €
the fact that the tension forcefrom the rebartransferred to the concrete by bond should

be balanced either by locak.g. splices) or glodl compressionstruts to avoid brittle

concrete failure Atension loaded rebar may cause brittle concrete cone failure by using the
tensile capacity of the surrounding concrete if not balanced by compression shintsthis

failure mode igprevented by means of globar local compressive struts, it is not considered

in the national concrete code design rules.

1.4 Application range of poststalled rebar

As a corequence of what has been declaredthe previous chapter, the applicaticange
of postinstalled rebaiis limitedby EOTA TR 0285] to:

(&) Overlap joint for rebar conneidns of slabs and beams and overlap joint at a
foundation of a column or wall by means of a Roontact splice. In this case the
tension loads are transferred between adjacent bars via a@sgion struts. The
tension forces generated by theoop stressesare taken up by the stirrupsr
transverse reinforcement, respectively,time splice area.

(b) Simply supported beamand anchoring of reinforcement to cover the line of acting
tensile force
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Based on strut and tie modelling (see Section 6.5.3), at the end support of & simpl

supported beam the node consist of a diagonal strut, the force from the tie and the

supporting force Figure?).
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Strut-and-tie-model
Figure7 ¢ Load bearing behavior of the end support of agensupported beanavoidngthe

occurrence of concrete cone failudeie tocompression struts

(c) Systentonnections stresskprimarily in compression

Figure8 ¢ Application range of postnstalled rebaby EOTA TR0235]



