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ABSTRACT (extended)

Beam-column joints are more liable to damage coegan other structural elements,
when the structure is subjected to earthquakedagioris or cyclic loading. Joints in
typical buildings, constructed before issuing therent Egyptian Code of Practice (ECP
95), lack adequate steel reinforcement detailingetist dynamic excitations without
suffering excessive damage. In these joints, tidiog reinforcement such as column
stirrups does not extend in the joint region. Tlatgyn of joint damage in building
subjected to the October earthquake in 1992 shdheadthe lack of joint confinement
was one of the major reasons for joint damage. &lethe need for an adequate cheap
and environment friendly method for joint confinemheither in strengthening or repair
would be indispensable especially for probablerkiarthquakes. Several methods are
available for joint strengthening, however, the o$eteel wire mesh (or Ferrocement
overlays) gives a promising method for which a#l ttrsed materials are locally produced
with no materials with harmful effect on human tiealThe challenge in the tested
models in the current study is the repair of 3Dygiwith the existence of a secondary
beam perpendicular to the plan of loading. Thisosdary beam represents an obstacle
for easily wrapping of steel-wire mesh and thaengisles the joint in real structures. The
study consists of testing 3D beam-column jointsaunclyclic displacement-controlled
cyclic loading. Five Full-scale specimens with eas study parameters are tested. The
models tested are for corner joints. Test measurtsmaclude applied displacements,
applied loading and induced deflection. Test comspas are based on energy
dissipation, stiffness and strength degradatiorh vidtading cycle till joint collapse
initiation.
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INTRODUCTION

The building damage vulnerability in Egypt, due @arthquake excitation, has been
increased in the last decade. After the major gagtke in 1995, great effort was devoted
to enhance the building capacity to resist eartkguexcitations without major damage.
Special concern was devoted to the beam-columisjoivhere most of building damage
seems to be located. One of the major reasonsofot flamage was the inadequate
reinforcement that provides joint confinement. Utioately, and after inspection of
existing buildings, it was observed that most ok tbeam-column joints need
strengthening or repair to withstand similar eantdees. The need for a cheap, reliable
method of repair and strengthening becomes indsside.

One of the promising strengthening methods is tBe of ferrocement overlays.
Ferrocement is a form of reinforced concrete usilggely spaced multiple layers of
mesh and/or small diameter rods completely encafeslilin mortdt. Previous
researches were performed on the application addement technology in strengthening
of masonry structur&s*¥, reinforced concrete bealh¥, slab§®, domes and arc

and column$”. On the other hand, and concerning the applicatiam repair,
ferrocement was used in relining of sewers or &g, repair of steel structuréd.
Irrespective of strength, ferrocement has seveihlaatages compared to other
strengthening methods such as: ductility, cracktrodt!. Moreover, for developing
countries like Egypt, other characteristics suclease of application, cheapness, local
production, non-toxic effects and light in weightlwe of important concern.

Research Objectives

The paper reports the effectiveness of ferrocermerither strengthening or repair of
corner beam-column joints, and showing its menit$ demerits. Full-scale joint models
are tested. The joints are subjected to displaceonwerirol cyclic loading at the tip of the
beam end. Moreover the existence of out-of planmygaerpendicular to the plan of
loading, provides another challenge for wrappingoeement overlays, due to the
discontinuity of steel wire mesh for ferrocemeryelis.

EXPRIMENTAL PROGRAM

Specimen dimension and concrete mix

The current study is performed on a full-scale eoimeam-column joints. As shown in
Fig. 1, corner joint is a four-legged specimen. Eb&umn section is 20 x 30 éniThe
main beam which is subjected to cyclic loadingdsx240 cnf and have a length 150 cm.
Another secondary beam of section 30 x 46 isnconfining the joint from one side while
the other side is left unconfined. The joint istaasnolithically to act as one unit with no
surfigzze of separation. The average concrete cleaisict compressive strength is 250
kg/cnt.
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Fig. 1 Specimen Dimensions

Specimen Reinforcement

Fig. 2 shows the reinforcement arrangements of gpecimens. The average yield
strengths of the used reinforcing steel for lorgjital and stirrups are 3600 and 2800
kg/cnt, respectively. To account for stress concentragibthe tip of beam, cross steel
reinforcing bars are provided. The first refereapecimen RCJ1, shown in Fig 2a, is not
provided with stirrups in the joint region. The sjpeen RCJ1 resembles the usual joint in
traditional buildings which is designed, only, &sist vertical loads. On the other hand,
the reference specimen RCJ2, shown in Fig. 2b,esigded according to the ACI
regulations for joints to resist cyclic loadingir&tps are provided in the joint region with
closer spacing distance.
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Fig. 2 Specimen reinforcement details.
a) withbreinforcement in joint, specimens RCJ1, CJ2, CJI3CJANG
b) with additiai reinforcement in joint, specimen RCJ2

Two other specimens, having the same reinforceragnthat of reference specimen

RCJ1, i.e. without stirrups in joint region, arstel. These specimens are wrapped with
wire mesh sheets in multiple layers. These spegme&amed CJ2 and CJ3, are

strengthened with two or three ferrocement layefsre testing.



After specimen RCJ1 had been tested, the damagmdete was removed and the cracks
were filled with epoxy mortar. Three ferrocementeles were also added. The repaired
specimen is named CJANG. A steel angle is provite@nsure the fixation of the
ferrocement layers to the specimen. The reinforeéraad the number of ferrocement
layers are described in Table 1.

Table 1. Specimens’ description and no. of ferroceemt layers

Name | Description No. of ferrocement laygrs

RCJ1 | Residential Building joint (Lower bound)
RCJ2 | Seismic resistant (upper bound)

CJ2 Strengthened (ferrocement layers) Two
CJ3 Strengthened (ferrocement layers) Three
CJANG | Repaired (ferrocement + steel angle) Two + angle

Specimen wrapping with ferrocement layers

Ferrocement layers are applied to specimens fengtinening or repair. Special care was
devoted to assure contact between the ferrocenmehth& concrete throughout the test
duration and avoid early separation. The concretercis removed; hence the surface
roughness is increased. Threaded dowels are diitiedthe concrete with sufficient
embedded length. Steel wire mesh pieces are wragueshd the specimen and cement
mortar is applied to the layer. The cast layeruged until complete setting is assured.
The process is repeated for every ferrocement .Idy@lly a washer is tied to the
threaded dowels combining all the ferrocement kwyBchematic details of the steel wire
meshes and the arrangement of dowels are showg.i8 F

Fig. 3 Specimen wrapping with expanded wire mesh arnferrocement overlays

Test setup

Specimens are tested under symmetrically reversgdiccdisplacement-controlled
loading. The setup of specimen is shown in FigCdnstant vertical load equals 20 tons
is applied to the column by a hydraulic jack, irsded in figure as jack no. (1). The
vertical load is applied manually by means of hyllcapump. On the other hand, the
dynamic load is applied by means of computerizeth d&quisition system to ensure



accurate and immediate load and displacement nmorgtoDisplacement magnitude
versus load cycle is stored as input data into ¢benwputer of the system. The
displacement history, shown in Fig. 5, is appliedhte beam end by means of a reversed
hydraulic jack, indicated in figure as jack no..(Zhe computer is measuring the applied
load to the beam by means of loading cell mountedhé reversible hydraulic jack.
Moreover, the induced deflection is measured by ¥BT under the beam end. After
reaching the displacement level, the load is regawhtill balancing occurs between the
loading and the specimen deformations. After reiogrdhe deflection, the next loading
step is applied.
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Fig. 5 Displacement load history applied at beam &h



RESULTS AND DISCUSION

Load-displacement hysteresis loops

Fig. 6 shows load-displacement hysteretic loopstfa tested specimens. The main
comparison viewpoints are the symmetry of the lpdps yield load level, and the
number of cycles in yield, before decrease in I&@yinmetry of the loops assures the
proper setting of specimen and load setup (i.eequentricity in load). In general, all the
tested specimens have shown excellent loop symmEigy 6.a shows a comparison
between specimens RCJ1 and RCJ2. It can be easilythat the level of yield load for
specimen RCJ2 is 8.5 tons is greater than thatspecimen RCJ1 that is 7.0 tons.
Moreover, Specimen RCJ1 exhibits three completéesylsefore the strength decreased
below the yield load. On the other hand, specim@iRstrength still constant in the
same three displacement cycles. Although both spaetw have the same flexure steel
reinforcement, it is easily concluded that theatiéhce in behavior is due to the effect of
the increased in joint confinement due to the &aolditof transverse reinforcement.
Referring to specimens strengthened before tesdiegmparison is shown in Fig. 6.b for
hysteresis loops of specimens RCJ2 and the speatremgthened with two ferrocement
layers CJ2. The yield load is almost the same fodR however, the load cycles at yield
load are less. A comparison is shown in Fig. 6rdhesteresis loops of specimens RCJ2
and the specimen strengthened with three ferrocetagars CJ3. Although specimen
RCJ2 may be considered as an upper bound for ithis,jas it is a joint designed to resist
cyclic loading according to ACI provisions, the belor of CJ3 shows better
performance with greater yield load of 9.5 tonssdilthe yield load remains constant
along the five loading cycles. Better performantepecimen CJ3 compared to specimen
CJ2 is due to increase of layers. The efficiencieabcement layers application in repair
is also tested. The results for specimen CJANG witke layers of ferrocement and a
steel angle are shown in Fig. 6.d. The yield Iadlmost the same for RCJ2. The load
cycles are almost the same before the strengtis stedecrease.
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Fig. 6 Load-displacement hystsis loops: a) RCJ1 and RCJ2 , b) RCJ2 and CJ2
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Fig. 6 Load-displacement hysteigdoops: c)RCJ2 and CJ3 and d) RCJ2 and CJANG

Envelops for load-displacement in the positive Igadl displacement directions are
compared in Fig. 7.a. It can be noticed that spengnCJ3 and CJANG show better
performance over the other specimens, even overefieeence specimen RCJ2. Due to
the repair effect, specimen CJANG shows lower Btatwf strength compared to CJ3.

This notice is shown in Fig. 7.b, where comparigon the cycle secant stiffness
degradation is compared for the specimens. Cydarsestiffness is calculated as the
maximum attained load in the specified cycle dididey the maximum attained

displacement in the cycle. It can be noticed th#8 €howed the best stability for stiffness
degradation.
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Fig. 7 Specimen comparisa) strength envelopes , b) secant stiffness degiation

From the previous discussion about load-displacetemavior for the tested specimens,
it can be concluded that the addition of ferroceinteyers enhances the capacity of joints
to resist higher loads. In addition, the rate oérsgth and stiffness degradation, with
respect to loading cycle is decreased.



Hysteretic energy dissipation

The energy dissipated at the beam-column jointuiingplastic deformations was the sum
of the area in the force-displacement hysteresipd@as shown in Fig. 8. The capacity of
tested joints to dissipate energy during the logaiycles is compared. Referring to Fig.
8, the cumulated hysteretic energy dissipated ggdsi for the joints either repaired or
strengthened compared to the reference joints (RR312). It can be concluded that due
to the addition of ferrocement layers, the capaatythe joint to dissipate energy

increased.
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Fig. 8 Specimeomparison (cumulative hysteretic energy )

CONCLUSIONS

The efficiency of ferrocement overlays in strengihg and repair of reinforced concrete
corner joints, subjected to displacement contrahmetric cyclic loading, is revealed in
this study. It was shown that strengthening witlidieement would enhance greatly the
load carrying capacity as well as the energy alisgrizapacity of the joint. The
ferrocement layers will substitute as shear readorent in the joint region. Hence the
use of ferrocement layers in strengthening joinithaut shear reinforcement will
enhance the behavior of these joints and will redhe vulnerability of these joints to be
excessively damaged when subjected to seismicrigaéior the repaired tested joint by
ferrocement, the joint is well restored and botlergg dissipation and load carrying
capacity is increased. Special care should be ddvti assure contact between the
ferrocement and the concrete surface, and to aanilg separation. This can be achieved
by roughness of the surface, adding dowels antlateels.
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