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Introduction

Upgrading the deficient reinforced concrete (RC) buildings in Turkey is a critical issue for the public
safety. The deficiency may be either due to the aging and corrosion or due to the lack of on-site quality
control and mis-interpretation of the blue-prints. Such buildings need to be strengthened especially
before being hit by a catastrophic earthquake. The intervention methods for the strengthening
applications supposed to be rapid, easily applicable and cost effective in terms of not only application
budget but also the occupancy interruption expenditures. Strengthening of the existing buildings by
using the fiber reinforced polymer (FRP) applications is one of the most effective strengthening
techniques among the other intervention choices. Ease of application, relatively short time duration for
the installation, limited time elapse for occupancy/operation delay, and the adaptability to almost all
cases can be listed as superior advantages of FRP strengthening techniques.

In this paper, the FRP strengthening application at a RC public building, even during its construction
period in 2014 in Kayseri, Turkey, is presented. The city is located in 3" grade seismic zone according to
Turkish Seismic Code 2007 (TSC 2007) of which seismic zone classification is similar to Eurocode. The
building has a U-shaped plan (Fig.1) and was composed of a ground floor (h=4.0m) and four storeys
above with h=3.2m. The diaphragm system was two-way solid slab with beams in the building. Typical
column and peripheral beam dimensions were 500x500mm and 300x600mm, respectively. The inner
beams were 300x450mm in dimensions.

Figure 1: Plan of the strengthened building

The construction steps for that specific building were first to cast the columns at a specific height, and
to cast the beams and the slabs afterwards. During the construction process, due to the lack of skilled
onsite quality control engineers, all columns were cast at a height only 450mm shorter than the
specified floor height, in order to preserve a space for the beams and the slabs. Unfortunately, the
peripheral beams were 600mm in height and the flexural reinforcement for the positive moment was
mis-placed resulting a reduction of 150mm in the useful depth of the beams. Moreover, the
reinforcement for the negative moment at the beam ends was also less than the design specified
values. In some other locations, especially for long span beams, the positive span moment and shear
capacities were below the design values. In short, there were a wide spread of deficiencies in flexural
moment capacity (either or both the positive and the negative sides) and shear capacities in beams of
the building. The problem was concentrated on the second floor and identified well after the
completion of the floors above. Strengthening of the beams was the only alternative against
demolishing and reconstruction. The constructor preferred strengthening to reduce its overall budget
and the owner accepted the strengthening designs offered for that specific problem.
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The Challenges

The building to be strengthened would be used for public services and it was needed to be operational
as soon as possible. Since the structural problem was related to member deficiencies and there was no
need to enhance the lateral load capacity, in addition to time constraint, FRP strengthening technique
was considered the best way for the intervention.

The shortage of moment capacity was not only in positive moment region but also in the negative sides
of the beam supports. As it is a well-known matter about the negative moment capacity enhancement
for beams, continuity of the reinforcement in beam to/through column is still a standing problem
especially for the FRP strengthening. Therefore, a solution scheme for the continuity of the
reinforcement should have to be adapted at the top face of the beams near the joints. Beside the
moment capacity enhancement, shear strength upgrading was another issue for the beams in the
building. The evaluation proses have shown that spread shear reinforcement needed along the beams.
Obtaining the proper shear behaviour, it was aimed to have closed loops for the FRP wrapping instead
of using U-shaped or end-anchored applications. Since the beams and slabs connected monolithically
and cutting or slitting the edges excessively for the FRP wrapping would have given damage to the load
flow and rigidity of the system, it was decided to just drill holes and supply the FRP continuity through
the CFRP anchors bonded on the CFRP sheets.

The Solution

After the completion of the assessment and the analysis phases, the first thing on the field was the
member surface preparation and the corner rounding at a 3 cm diameter. Some pictures related to the
preparation process are shown in Fig.2. There exist certain amounts of unevenness on several beams.
Prior the FRP application, such surfaces repaired with high quality cement based grout of which
compressive strength is higher than 20 MPa after 1 day of pouring and tensile strength is 2 MPa after 28
days after pouring (Fig.3 a). The holes near the edges of the beams for shear strengthening were drilled
and pressurise air was used for the cleaning (Fig. 3 b and 3 c). The epoxy based primer was rolled on to
the concrete surfaces before the FRP application for the surface saturation (Fig.3 d). CFRP plates and
sheets were used as FRP material for the strengthening application. The properties of CFRP materials
are given in Table 1.

(a) (b)

Figure 2: Concrete surface preparation and corner rounding proses

There was positive and negative moment capacity deficiencies in beams, therefore, both the lower side
at the mid-span and the upper side-regions near the joints of the beams were strengthened where
needed. For the positive moment strengthening of the beams, CFRP plates were applied until and
150mm beyond the contra flexure points supplying an anchorage length (Fig.4 e, 4 f). On the other
hand, for the negative moment strengthening of the beams, it was more complicated than the previous
one since the continuity of the introduced CFRP material was crucial at the beam to column joint region
for proper improvement. By doing so, CFRP plates ends at the joint region were bonded to a custom
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made L-shaped steel anchorage pre-placed to the interrelated corner of the beam to column joint
(Fig.4). Initially, after the surface preparation, holes were drilled on the column ends and anchorage
steel bars were placed by using a high strength epoxy based grout (bond strength is higher than 3 MPa).
The next step after the curing of the epoxy based grout, L-shaped steel anchorage apparatus bonded to
CFRP plates were fastened to the bars, CFRP plates also glued to the concrete surface at the same time.
CFRP wraps passing over this region which were applied originally for the shear reinforcement following
the flexural strengthening, were clamped the L-shaped anchorage and supplied a secure supplementary
measure for the application. It was calculated and designed that the weakest point of this negative
moment intervention was the anchorage bars embedded into the columns. It was aimed that any
possible failure for the assemblage would be occurred by yielding of the anchored bars to result in a
limited ductility.

(c) (d)

Figure 3: Repairing the unevenness on the surface and drilling holes

Table 1. Properties of used CFRP materials

Carbon Fiber Sheet Carbon Fiber Laminate
Modulus of Elasticity (MPa) 230,000 165,000
Tensile Strength (MPa) 4,900 2,500
Thickness (mm) 0.166 1.2
Width (mm) 500 50
Elongation at Break (%) - 1.5
Total Fabric Weight (gr/m?) 300 -
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(c) (d)

(e) (f)
Figure 4: Flexural strengthening of beams a, b, ¢, d negative moment strengthening application, e, f
positive moment strengthening application (f is also represents the shear strengthening application)

After the completion of the flexural strengthening, shear strengthening was carried out. Since the
spread shear strengthening needed along the beams, it was decided to use full wrapping using CFRP
sheets instead of using U-shaped or end-anchored application. On the other hand, it was obvious that
the cutting or slitting the beam to slab edges excessively for the fully wrapping were harmful for the
global behaviour and also time consuming effort. For overcoming this constraint, it was decided to drill



holes with a constant space along the beam to slab edges and supplied the CFRP sheets continuity
through them. Accordingly, after the flexural strengthening phase completed, CFRP wraps were applied
at each ends of the material were passed through the pre-drilled holes. The props of the CFRP sheets
coming out through the holes were spliced 200 mm for obtaining sufficient anchorage. Further step,
before the epoxy was not totally cured, was sand blasted by hand to roughen the surface of the beams
for good bonding for the following plaster application.

(c) (d)

Figure 5: Shear strengthening of beams and fan type lap splice of FRP ends
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