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Abstract

The possibility of strengthening RC elements for increasing the bearing capacity under shear
actions is an important issue in the retrofitling field. In RC existing structures, made in the *60s and
*70s, the shear reinforcement is often not sufficient to satisfy the prescription of current codes.
Hence, in the retrofitting of these structures it is often necessary to increase the shear bearing
capacity. A possible use of low thickness high performance jackets for shear strengthening
purposes is analyzed herein. The jackets are made with a high performance fiber reinforced
concrete, with or without an additional 2mm diameter steel-wire mesh. Two different high
performance concrete are investigated: a concrete with a self leveling rheology, that can be cast
with reduced thickness, and a thixotropic material that can be placed without molds. The different
jackets were used for reinforcing 3m long beams. The elements were tested up to failure and the
comparison between the obtained results is presented herein.

Keywords:  Shear strengthening, high performance fiber reinforced concrele.

1 Introduction

The interest for strengthening and repair RC structures has increased in the last few years. Several
existing structures were built referring to old codes and they do not satisfy the prescription of new
codes. Furthermore, the request of an increase of the bearing capacity of the existing structures due
to an increase of the live loads is a typical issue that designers have to consider. In this field, the
possibility of increasing the bearing capacity of RC elements under shear actions is of great
intcrest, due to a high probability of having structures lacking in shear reinforcement, typically
when build in the *60 and *70.

Traditional strengthening techniques are usually based on the application of RC jackets
characterized by a high thickness, higher than 60-70 mm (Fib Bulletin 24, 2003), which can
excessively increase the section geometry. The possibility of remarkably reducing the jacket
thickness in this kind of intervention has been recently investigated by using high performance
fiber reinforced concrete jackets (Martinola et al., 2010; Habel et al. 2007; Alaee and Karihaloo,
2003). In this research, the attention has been paid to the effect of high performance jackets with
reduced thickness on the increase of the bearing capacity under shear actions. The use of two kinds
of high performance fiber reinforced concrete has been considered: a material having an almost self
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The interest for strengthening and repair RC structures has increased in the last few yeers. Several existing structures were built refaming to old codes and they do no satisty the prescriplion of new codes. Furthermore, the request of
an increase of the bearing capacily of the existing siructures dus fo an increass of the live loads s a typical issue that designers have to consider. in this fiald, the possibility of incraasing the bearing capacity of RG elements under
shear actions is of great interest, due o a high probability of having structures lacking in shear reinforcament, typically when build in the '60 and '70.

Traditional strangthening techniques are usuaily based on the application of RC jackets characterized by a high thickness, higher than 80-70 mm (Fib Builstin 24, 2003), which can excessively increase the section geometry. The
possibillty of remariably reducing the fackel thickness in this kind of intervention has been recently investigated by using high performance fiber reinforced concrete jackets (Martinala et al, 2010; Habel et al, 2007, Alece and
Karihaloo, 2003). The use of high perfarmance fiber reinforced concrete jacket combined with high performance steel mesh has alsa been investigated (Marini and Meda 2000; Kuneida et i, 2010).

In this ressarch, the attsntion has bean paid to the effect of high performance jackets with reduced thickness on the inorease of the bearing capacity under shear actions. The us of two kinds of high performance fiber reinforced
concrete has been considered: a material having an aimost seif fevalling theclogy, able o fil very thin jackets, and a new developed thixotropic material that can be used for easily create the jackel.

Full-scale tests on 2.85 m long beams have been performed under a four point bending configuration in order to compare the performances of the propased solutions.

SPECIMEN DESCRIPTION Hrer St £ty
The beam specimens have a length of 2.85 m and e 200x450 mm section, as shown in figure 1. The beams have been v 2,
reinforced with longitudinal botiom rebars anly, made with 4 steel bars having diameter equal to 20 mm, with a 30 mm 3
net cover. In order to avoid bond slip at the baam end, the rebars were welded to steel plates. The reinforcement ratio . P di aecian
resulls equal to 1.50%. The beams were designed in order to have a shear failure under the chosen load configuration = 2005200523 1
Neither stirrups nor inclined reinforoement are present. .E 4420 421 Barre.
The beams were cast with a concrete, having an average compressive strength, measured on 150 mm side cubes, i
equal to 32.63 Nimm?. According to Eurocade 2 the concrele can be classified as a C20/25 material. Regarding the |, <o o s ®
reinforcement, the steel rebars exhibited an average yield strength equal to 517.94 Nimm?and an average maximum - =
strength equal to 616.21 N/mm?, 2850 mm
Fig 1. Un-reinforced beam geometry
= - Bond
Thickness | |SSHetarial 8 o ooseriics: | ype et One beam was used as reference specimen while the oiher three beams were strengthenad by applying a high performance
jacket {Tab. 1). For the strengthening of the beams are used two different type of concrete: a material having an almost self
levalling rheclogy, that should be cast in moulds, and a new developed thixotropic malerial that was spread directly on the
Lower surface 50 mm self levelling | no primer beam surface.
Welded wire The self levelling HPFRC have an average compressive strength of 130 MPa and a direct tensile strength of 6 MPa, while the
Lateral ) mesh U bent thixotropic material present slightly lower values of 80 MPa for the compressive strength and of 5 MPa for the tensile strength.
sinfaoes 50 mm self levelling no primer Direct tensile test on dog-bone specimen were performed in order fo characlerize the materials, and the result shows the
Beam B hardening behaviour of this concrete. The strengthening materials is a FRC whit 3.9% (by volume) of straight microsteel fibers
having & length of 15 mm and a diameter of 0175 mm. Within the thickness of the jacket was placed @ wire mesh. This mesh
Lower surface 50 mm seif levelling no primer is made of 2.06 mm diameter bent wires, assembled with a spacing of 25.4 mm. The results of the tensile test performed on
Weldad wire single wires show a maximum strength equal to 550 Nimm?,
Lateral B < mesh U bent Firstly the beam were sandblasted in order to reach a roughness of about 1 mm, able to ensure a perfect bond between the
it 50 mm thixotrapic | Epaxy primer existing concrete and the applied high performance concrete. This technigue has been demonstrated effective in previous
Beam D (Martinola et al. 2010)
. Welded wire In figure 2 is show the sandblasting of the beams and is observed the difference of the surfaces before and after the treatment.
Lowersuface | S0mm | seffleveling | noprimer | N0 otie|  The HPFRC material was prepared In vertical axis mixers: the self leveling concrete was cast in the moulds without any
& helght of 20 vibration while the thixatropic material was applied directly on the surface (Fig. 3).
| Lateral 5 7 cm o the
e surfaces. Jomm | thixoliopic | O PAMer | ey surfaces

Tab 1. Characteristic of reinforced besms

Flg 2. Sandblasted Fig 3. Seif lsvalling (lof) and n-wrmpnc HPFﬁc (right) application.

EXPERIMENTAL SET-UP

The beams were tested under @ four point bending configuration, by adopting a stesl reacting frame (Fig. 4). The load was

applled by means nfan elactromechanical jack having a loading capacity of 1000 kN with a PID close loop control system. The
d impasing of the actuator with a constant speed equal to 0.01 mmisec.

Tha beams wenaplaaed on roller steel supports (Fig. 5 and &) with & span of 2.5 m. A stes! beam was placed between the jacket

and the specimen in order to apply the load in two points having & distance of 0.9 m. Thus the shear span ratio (i.e. ratio

between the distance of the loading point respect to the support and the effective depth) resulted equal o 1.9,

In order to measure the beam ic and LVDT were used for monitoring the vertical
displacement, the crack opening due to shear and bending and the supports displacement. A 100 mm spaced grid has been
Fig 4. Loading frame Fig 8. Beam support drawn on the specimen surface in order to recorder the crack pattem by means of a high-resolution camera.
EXPERIMENTAL RESULTS " ———————— _

Firstly, the test on the RC beam without the HPFRC strengthening jacket has been carried out. The load versus mid-span diplacement L |
curve is shows in figure 7. The load is evaluated by considering the average of the signals on both sides and correcting the resilts by
subtracting all support displacements. The beam shows a linear elastic behaviour up to a load of 50 kN, coresponding to the onsstof 70|
the first vertical cracks in the zone between the two load points. When the load reached a value of 200 kN a shear cracking developed.

Shear cracks appeared at an angle of approx. 30 deg from the horizonlal and they were located in the spans between load points ant Less

supports (shear spans). The beginning of each cracking mode (vertical and shear cracks) is marked by a neticeable change of slope in =

the [oad displacement plot. At 450 kN load one of the shear cracks quickly widened. Together with both a sudden drop of lead and the & 1

closure of all other cracks. In figure & is shown the evolution of cracking and the crack pattern at failure. : i
L1

Beam with HPFRC jacket

The three beams strenghtened with the HPFRC jacket exhibiled a flexure failure. The behavior of the beams is shown in Figure 7. The
‘behaviour of the three beams. with strenghtening jacket is similar to each ofher.

All beams behaved according o the same failure pattern. With increasing the load,  first vertical crack appeared in the central portion
of the specimen; when this phencmenon took place, a slope change could always be observed in the load displacement curve. After
the first cracking & few small vertical cracks developed in this portion betwssn the two load points. Such cracks, iith increasing load,
propagated in depth and number also beyond the two point loads. Subsequently, shear cracks (inclined cracks) appeared at highsr
Ioad in both shear spans. Under maximal load, a macro vertical crack, located between the two point loads, determined the collapse of

Beam without HPFRC jacket ] ‘
|
|

d th o 5 10 5 20 25 30 E3 ]
the specimen. After collapse, the load decreased and stabilized at a level equal to about 80% of maximum load. A significant further A Displagement fmm] !
displacement could be performed until crushing of the concrete took place; at this paint, the test was inerrupted. In figure 8 is shown )
!hee\aoiu:.on of cracking and the crack patiem at failure of a typical reinforced beam (beam B), Fig 7. Un-reinforced end reinforced beam: curve of the load versus mid-span displacsnsnt

nd principal di for all beams are reported in table 2
Midspan

| e i m;“"ﬁ Load first shear crack |  Miaximum load displacement at
vR guation maximum load

N [ KN Tmm}

Beam E 135 290 | 670 16.9

Beam D 150 350 | 741 121

BeamB | 210 380 | 173 1.8

Tab 2. Load and displacement achieved by experiment

- o CONCLUSION
. A saries of four experiments demonstrated the effect of the HPFRC jackets in determining the collapse mode of the
1l 210N beams as well as in influencing the post-cracking behaviour and the crack formation and evolution
The beams with HPFRC jacket show, as opposed to no reinforced beam, a collapse from flexure, with a limited influence
of the shear effects. Therefore the jacket has the same action of the shear reinforcement and can replace it very well.
It can be noticed as the HPFRC layer allows to increase the maximum load of the beam. For the beams D and B, that
have the same 50 mm jacket thickness, the capacity increases 1.7 times, while if the jacket have  thickness of 30 mm on

= = — the lateral surfaces (beam E), the maximum load increases 1.5 times.
// >\- TR \\k The propose tecnique allows to remarkably increase the beam stiffness, as a consequence the midspan displacement
o i o~ | a0 T LSRN T before the maximum load has been reduced. Finally, it can be noticed that, whils the un-reinforced beam have a britle
fail strengtheni & post peak behavior becor i
Fig 8. Crack pattem for un-reinforced baam. Fig 8. Typical crack paitsm for reinforced beam Ylure; T the ke beas’ atfcitheninig whiv HPE RC b poat peak: Eefiaviof bacsiues softank's:
(Beam B).
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