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SUMMARY

The term *“transverse reinforcement”, used for m@icéd concrete (R/C) shear walls, denotes bothralate
horizontal web reinforcement related with the shiemmsfer mechanism, as well as confinement retefment at
the strengthened boundary regions. Regarding tharstesistance reinforcement, an experimental relséa
conducted on the evaluation of different anchodogfigurations at the boundary regions, accordingriteria
associated with the ease of construction and thectatal performance. For this purpose, a totalthwée
specimens under monotonic lateral loading werede®ased on the same criteria, seven more spesimeie
tested under monotonic loading, for the evaluatidndifferent types of confinement reinforcement.eTh
examined configurations were both conventionafedifig at the anchoring details, as well as uncatigeal, as
in the case of the incorporation of steel hollowtiems filled with concrete in the critical regioriBhe latter
configuration multiplies the confinement effectcii@ases the bearing capacity of the boundary bgréigions
against compression (and tension), and drasticetlyces the sliding shear failure risk at the bagech is, as
known, the “Achilles’ heel” as regards to the satsmontribution of earthquake — resistant shearlswal
Conclusions are extracted based on the above expatal results. Furthermore, design recommendatoas
proposed for the enhancement of the seismic pediocaand the ease of construction of shear walishnare
the most critical structural elements, regardirg ¢arthquake resistance of multistory dual spayislems. The
study is of special interest for both the desigwal as the construction process of different agions.
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1. INTRODUCTION

Currently, several experimental investigatidfishave been conducted on the behavior of squat RC
walls under simulated seismic loading. RC strudtwalls are frequently used in buildings primarily

to resist lateral loads imposed by wind and eadkegs. In recent years, extensive research has been
conducted to assess the validity of current degigivisions in squat RC walls. These walls are
usually detailed according to the current provisiand are aimed at achieving full ductile behawior
structural walls. Presently, various countries hea@mmendations for confirming reinforcement to
ensure that the required ductility demands canchéeged. A high ductility demand can be expected
and therefore the required quantities of reinforeets, especially the transverse reinforcementeén th
web and boundary elements must be effective.

The use of the required quantities of transversgareement could eliminate shear failure. However
the risk of sliding shear at the base of shearsastill exists. Due to sliding shear their ductile
behavior can not be achieved. When sliding shakest place, the cracks at reinforced concrete
remain open under cyclic load. In that case, thestance of the reinforcement at the base of tHe wa
is dramatically reduced, and finally it slides,tias remaining reinforcement can not afford ther&dte
load. In addition, that type of failure could noé avoided even if the content of transverse
reinforcement is great, because of the verticalksa



Experimental research has proved that sliding sfelare does not allow the shear wall to use its
plastic hinge in order to develop its flexural agth. Also, experiments that took place at the tAtis
University of Thessaloniki, concluded that the o$aliagonal reinforcement reduces the possibility
that type of failure to take place. Diagonal remfament is positioned at the base of the shear inall
the center of the region. The results, using thpeé tof reinforcement, are positive. However, that
method does not solve that problem completely, entiie diagonal reinforcement protects the base of
the shear wall, and the failure can take placedrigbxcept foishear walls of low height, where its
response is better. Other experimental tests oar stels have proved that great content of trarsever
reinforcement in the wall boundary elements, caglichinate sliding shear failureas well as to
increase the ductility of those critical regions.

The aim of this work is to recommend methods whiohild reduce the sliding shear failure, and
increase its shear strength respectively. The firsthod has to do with the evaluation of different
anchoring configurations at the boundary regionsg & refers to the lateral horizontal web
reinforcement. The second and the third method errefto different types of confinement

reinforcement, using innovative anchoring detatswell as steel hollow sections filled with cortere

in the critical regions.

2. EXPERIMENTAL RESEARCH

The following experimental work took place at theistotle University of Thessaloniki, at the
Department of Civil Engineering. The subject of theearch has to do with three topics. The firgt on
includes specimens of shear walls, where the ha@oweb reinforcement is anchored both
conventionally and unconventionally, in order taexne whether the shear capacity of the wall is
increased or not. In the second topic, ways of awmg the critical regions of a shear wall are
examined. The methods include three different vedyanchoring the stirrups on the longitudinal bars.
It also examines the performance of the shear wia#in the latter has one or two hollow sections
respectively, filled with concrete in the critiag&lgions. The last topic has to do with the slidshgar
failure of shear walls. Especially, two specimeresevconstructed, simulating the critical regioraof
shear wall. By adding a hollow section filled witloncrete, the phenomenon of sliding shear is
halting.

2.1. Evaluation of different anchoring configuratins of the lateral horizontal web reinforcement

Conventionally, the lateral horizontal web reinfameent is anchored behind the stirrups of the atitic
region, seen in Fig.2.1. The main disadvantaghatf method is that the reinforcement bar gets into
the concrete cover. However, the reason that sucharechor is preferred is the ease of its
configuration. As a result, due the seismic lodkds, lateral reinforcement loses its bending capacit
while the concrete cover disappears, and the aaghodoes not basically exist any more. That
phenomenon is more frequent in coastal areas, @géetl carbonation. The methods of anchoring
proposed could be characterized as easily appdicabl

2.1.1. Description of the three specimens

There were constructed three different specimenshefir walls, dimensioning 0.20x0.20x3.30 m
(7.87x7.87x129.92 in.). The aspect ratio of theeexpent was 1:2,5. The longitudinal reinforcement
of the critical regions consists of 8 bars of antbter of 16 mm (0.63 in), as well as for the shear
reinforcement there were used stirrups @4.2@5.5@M17@2.17 in). The concrete category was
C20/25. The first wall is represented in Fig. ZThe second one includes lateral horizontal web
reinforcement that is anchored behind the longitaldieinforcement of the critical region, by making
an angle of 180as shown in Fig. 2.2. The last specimen consist®uzontal reinforcement that is
anchored at the internal part of the longitudirgihforcement, as shown in Fig. 2.3. In all three
specimens the lateral horizontal web reinforcene@i4.2@110 mm (J0.17@4.33 in).
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Figure 2.2.Geometrical characteristics and reinforcemenhefsecond specimen
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Figure 2.3.Geometrical characteristics and reinforcementhefthird specimen

Figure 2.4.Loading of one of the specimens



2.1.2. Loading process and experimental results

After the concreting process the shear walls viesded up to failure, as depicted in Fig. 2.4. The
load was monotonic and subjected on the wall, laseaal seismic load. The estimated shear capacity
of the sentiment was 270 kN (60.7 kip), and thedbem capacity of the wall is higher than the shear
one. The experimental results are summarized inZ% where the Load — Displacement curve of
the shear wall is shown.
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Figure 2.5.Experimental results of the first experiment, leadisplacement curve

As we can see from the diagram, the optimal perfmce is obtained by using the second anchoring
method. Quantitatively, the benefit of 20% compatedthe usual way is obvious. The third
specimen’s results are better than the conventmmed’ but not impressive. However, considering the
steel carbonation, the last solution is preferghkn the conventional one. In addition, the high
strength concrete is one of the factors that cthesalifferences between the results, as the maximum
anchoring load is been developed before tHe@@ing.

2.2. Evaluation of different types of confinementeinforcement

It is well known that shear capacity of shear wallsreases as the confinement of concrete in the
critical regions gets stronger. The current topiamines ways of strengthening the confinement in
comparison with their shear capacity. The exams@ecimens were both conventional, differing at
the anchoring details, as well as unconventionalusing hollow sections. One of the main aims of
that innovation is to avoid sliding shear failuitds worth noting that even if the specific expeegints
have to do with the confinement of the concretehef critical region, the results refer to the whole
shear wall.



2.2.1. Description of the five specimens

There were constructed five specimens that eacthasélifferent confinement provisions. In Fig. 2.6.
the specimen’s dimensions are represented, asawélle reinforcement. The longitudinal one consists
of 6 bars of a diameter of 16 mm (0.63 in), exdepthe fourth specimen, where there were used only
4 longitudinal bars. The aspect ratio chosen far éxperiment was 1:1.25. The first one is the
conventional one, while the stirrups are anchotdtleasame longitudinal bar of the critical regias,
recommended from the codes. At the second specimgeh) stirrup is anchored in a different
longitudinal bar, so that each bar is used oncédiar stirrups, and so on. At the third case, th@es
type of stirrups were used, as those used forawrsiln that case, each stirrup is anchored on two
longitudinal reinforcement bars, once for two siirs. The specimens that described above could be
characterized as conventional. The next two onelside hollow sections filled with concrete. The
first from those two has a hollow section of 22r(8.66 in) x 120 mm (4.72 in). The second one
includes two sections of 80 mm (3.15 in) x 120 mMnT2 in) each.
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Figure 2.6.Dimensions and reinforcement of the typical specitn

2.2.2. Loading process and experimental results

After the process of concreting, the loading of gpecimens followed. The load applied was axial
monotonic. In Fig 2.7 the Load — Displacement cuoreeach case is shown. The first three curves
refer to the conventional specimens, and the mextréfer to those ones which have hollow sections.
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Figure 2.7.Experimental results of the second experiment tedisplacement curve

Regarding the diagram of Fig. 2.7. the stirrupgheffirst specimen fail, although the steel wakigh
quality (B500 C). It is obvious that the third andhng method is more effective than the previous,tw
as we can see from its general behavior, comparitd tive others. As for the reason for the
conventional specimens’ failure, it is the bucklifghe longitudinal bars. So, stronger confinernant
the critical regions is required, even if it is metommended from the codes. Alternatively, theaise
longitudinal reinforcement bars with diameter upghrem 20 mm (0.79 in) is recommended, which is
the real type of rebar that is used at the reatsire.

As for the evaluation of the confinement resporfsene critical regions that include hollow sectipns
the results could be characterized as safe, alththug edges of the specimens failed very early. It
wouldn’t be an exaggeration to claim that the usballow sections at the critical regions of shear
walls reduces drastically the possibility that el fail under sliding shear, while it strengtisethe
confinement of the specific area.

2.3. Evaluation of innovative critical regions of kear walls

One of the main problems that this work tries tlvesois the sliding shear failure of shear walls, a
mentioned above. The experimental research tHatfslexamines the sliding shear phenomenon, and
the results refer generally to the behavior of dwllsections under seismic loads. There were
constructed two specimens simulating the critiegion.

2.3.1. Description of the two specimens

Both specimens have the shape represented 2 BigThe reinforcement was the same for both of
them, and their difference is the hollow sectioat tvas placed in the second specimen. The concrete
used was conventional.
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Figure 2.8.Dimensions of the specimen that is used in ttre tioipic

In Fig. 2.9 the reinforcement of the first specineeshown. The central zone consists of 8 longrtaldi
bars of a diameter of 14 mm (0.55 in), and 4 gtgrurwo of the stirrups were placed at the edges of
the central zone, and the other two at both of 8ides of the center, at a distance equal to the
quadruple of the longitudinal bars (56 mm — 2.2 in)
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Figure 2.9.Reinforcement of the two specimens

The second specimen is of the same reinforcemetteafirst one, but in the central zone it includes
the hollow section. The region’s dimensions are £3@0 x 960 mm (5.91 x 3.94 x 37.80 in). It was
soldered at the central zone of the specimen, 3518 in) far from the edges, as representeddn Fi

2.9. Finally, it was filled with conventional comte.

2.3.2. Loading process and experimental results

Both specimens were placed in a special deviceaatkd up to failure as represented in Fig. 2.10.
The results of the specific experimental researelsammarized in the Load — Displacement curve of
Fig. 2.11.
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Figure 2.10.Loading of the specimens
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Figure 2.11.Experimental results of the third experiment, leadisplacement curve

That experimental research did not examine the evBbkar wall, but subtotals of it, in order to find
whether hollow sections protect the structure agiastiding shear or not. The main conclusion is tha
its use is an innovation that is according to thiegiples of reinforced concrete, and it could &ilate
the problem of sliding shear. Experimental testseah shear walls could prove the above results.



3. CONCLUSIONS

That work, consisting of three series of experirabmests, concluded that an improved way of
anchoring the transverse reinforcement in the weblsoundary elements is of great importance, as
they are not usually anchored effectively.

The innovation that enhances drastically the cosgive strength of boundary elements, as well as
eliminates the sliding shear failure, is the uséhalfow sections filled with concrete at the crdtic
regions of shear walls. In that case, the incredgbe strength capacity varies from 12% to 40%.
However, the results of that work could be a madtbrafor experimental tests on shear walls of an
aspect ratio of 1:1, under cyclic loading.
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