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Sabbagh Engineering Consultant & Associates ( SECA ) is a leading Engineering and Archi-
tectural firm in the Kingdome of Saudi Arabia. Our local and international expertise
provide top quality design, supervision, project management and technical services in all
engineering disciplines. SECA has taken special interest in environment, water, and alterna-
tive energy; in addition to green building, building connectivity, and building intelligence.
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from 1.55 to 0.80 (48.39%) it means that
deflection decreased after repairing by a
value more than of S2.

5.3.2 Effect of CFRP strips orientation

Slabs: S3, S6

The cracking load of slab S6 which had
strengthened by six strips of CFRP 25 cm
wide at angle of 45° increased by 156.67%
and the failure load by 196.64%. The mid
span deflection for S3 was less than mid
span deflection for S6, it is clear that; mid
span deflection for S6 decreased by 33% and
the (Deflection / Failure load) ratio decreased
from 1.55 to 0.4 (decreased by 74.20%) it
means that deflection decreased after
strengthened by CFRP.

Results

From experimental results present in this
study it was concluded that:

1. Repairing NSSCC and HSSCC slabs by
section enlargement method (SCC jacket
50 mm) increased cracking load by 500%,
133.33% and increased failure load by 387.5
%, 145.45% respectively.

2. Repairing HSSCC slab by 45° strips of
CFRP increased cracking load by 133.33 %,
and failure load by 145.45 %.

3. The cracking load, failure load and
decreasing in deflection values were the
larger in repairing by section enlargement
method (50mm-SCC jacketing) than them in
the repairing using CFRP.

4. Strengthening HSSCC slab by six strips of
CFRP 25 cm wide at angle of 45° as explained
before increased cracking load by 156.67 %

» | U"J.ﬁ’@‘.& No.:( 97 ) Ramadan 1436 h - July 2015

and failure load by 196.64 %.

5. The slab repairing procedure by CFRP,
the orientation of the fibers was found to
have an important effect, especially in
45° fiber-orientation. There was a greater
strengthening effect and better control off the
crack propagations.

6. The used strengthening method proved
a very high efficiency and gave very good
results for reducing deflection and increasing
the load capacity for slabs
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Comparison of Experimental Results

To compare the results of tested slabs, we
must study the effect of the following two
variables;

5.3.1 Effect of repairing procedure

Slabs: S1, S4

The cracking load of slab S4 which has been
repaired by section enlargement method (50
mm-SCC jacket) increased by 500%, and the
failure load increased by 387.5%, Middle span
deflection at failure increased by 33.50% but
the (deflection/failure load) ratio decreased
from 1.87 to 0.51 (72.73%) it means that
deflection decreased after repairing. The
reason of this is that the thickness increased
from 6 cm to 11 cm and the additional lower
reinforcement (8 steel bars 6 mm diameter
in each direction) increased the moment
of inertia (Ix) of slab section., it proves the
efficiency of using self-compacting concrete
in repairing and indicates the homogeneity of

the new concrete with the old concrete and
resisting loads together.

Slabs: S2, S3, S5

The cracking load of slab S2 which has been
repaired by 45° strips of CFRP increased
by 133.33% and the cracking load of slab
S5 which has been repaired by section
enlargement (50 mm-SCC jacket) increased
by 333.33%.This shows that the increasing
in cracking load of S5 which had repaired
by section enlargement is higher than S2
which had repaired by CFRP. Also the failure
load increased by 145.45%, and 263.64%
respectively this shows that repairing has
been passed and the strengthening had been
achieved. For S2: middle span deflection at
failure increased by 45% but the (deflection /
failure load) ratio decreased from 1.55 to 0.92
(40.65%) it means that deflection decreased
after repairing and for S5 middle span
deflection at failure increased by 87.35% but
the (deflection / failure load) ratio decreased

Bl oy A S ==
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4
Experimental Results of Self Compacting Co Slabs
The results of the tests which were carried out on 7 slabs listed in tables (7, 8).
Beafo i After iri Slab crack Slab failure
Siab [9 repaiing reparng load after load after
Fail Fail repairing / repalring /
Description Cracking | = " | Cracking | 2 1™ | crack load of | failure load of
Mao. load (KM) (KN} load (KN) {KN) the control the contral
slab (%) slab (%)
51 Total failure(Control Slab) 20 80 - - 100 100
| S2__| Repaired by CFRP 30 - 70 270 | 233.33 245.45
S3 | Total failure(Control Slab) | 30 110 - - 100 100
S4 | Repaired by SCC jacket | 20 - 120 390 | 600 487.5
85 Repaired by SCC jacket | 30 - 130 400 433.33 363.64
S6 | CGFRP strangthening - - 77.0 326.3 | 256.67 206.64
s7 Repaired by CFRP 20 - 60 240 300 300
Table 7 - Experimental cracking and failure loads for slabs before and after repairing.
Slab Middle span deflection at Deflection / | (%) Percentage of Middle span deflections /
no. T mix | failure after repairing (mm) Failure load | Middle span deflection of the control slab
S1 | NS | 14.98 1.87 100
S4 | NS |20 0.51 133.51
57 | NS | 22 0.91 146.86
53 |HS | 17.08 1.58 100
52 | HS | 24.77 0.82 145
55 |HS | 32 0.8 187.35
S6 | HS | 13 Strengthening 0.4 76

Table 8 - Middle span deflections at failure.

f =il S2(crack only) === 52 Repaired by CFRP N

Applied load (Ton)

Fig. 6 — Units of (LVDT) under Deflection (mm)
the slab Fig. 7 — Load-Middle span deflection (S2) before and after CFRP repairing

_ U!!m No.:( 97 ) Ramadan 1436 h - July 2015



without damaging the slab or its steel bars.
2- Removing the lower concrete cover
manually by hammer for a depth about 5
mm.

3- Making 16 holes 14 mm diameter to fix 16
steel screws 12mm diameter, 110 mm length
to lift the slab 40 mm above the lab ground;
they also works as a shear connector as
shown in fig.(4).

4- Installation of 8 steel bars, 6 mm diameter,
1250 mm length in each direction and it
should be taken in consideration concrete
cover is 10 mm.

Fig. 1 — Scraping and removing dust and

fine materials with compressed air

Results and Discussions
Properties of Fresh and Hardened Concrete

5- Turning down the slab in the wooden forms.
6- After the concrete mixing had finished; SCC
had casted in the moulds from the central
opening without any vibrating. Four corners
small opening as observation opening.
7-The cast moulds was placed on a flat floor
in laboratory and the top surface of concrete
slab was increased 10 mm to submerge all
opening which used in casting.

8- After 24 hours from casting, curing by
covering it with wet canvas sheets for 28
days, the slab was removed from moulds and
placed for loading.

Table (6) shows the results of the testes which carried on the two mixes of SCC concrete.

Mix M 1 (NSSCC) M 2 (HSSCC) | Specification limits
slump flow (cm) 65 a0 55-85
V-funnel (sec) 7.0 6.0 <8
L-box (h2/h1) 0.8 1.0 z 0.8
Sieve segregation resistance (%) | 10 35 s 20%
Fill Box (Kajima test) (%) 85 100 90 -100
Compressive strength g zzi ;_g 31 -

(MPa) 28 days | 37 60 :
Tensile strength - 28 Days (MPa) | 3.60 4.36 -
Flexural sirength 28 Days (MPa) | 4.12 7.40 -
Static Modulus of Elasticity (MPa) | 28174.5 37962.8 -

Table 6 - Experimental results of fresh and hardened SCC concrete.
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Material Properties

Carbon Fiber Reinforced Poly
The used CFRP sheet was cured in situ sheet, commercially called (Sika Wrap Hex-230C).
Table (5) shows the Technical Data and Mechanical properties of the used CFRP sheet.

Fiber type High strength carbon fibers
Fiber orientation 0° {unidirectional}
Construction Wrap: Carbon fibers, [ 99% of total areal weight )
Weft: Thermoplastic heat-set fiber (1 % of total areal weight)
Areal weight 220 g/m*+10 g/m?
Fiber Density 1.78 glem?®
Fabric design thickness 0.12 mm

Tensile strength of fibers 4100 N/mm? (nominal)
Tensile E-modulus of fibers | 231000 N/mm? (nominal)

Strain at break of fibers 1.7 % (nominal)
Fabric width 500 mm

. . - First layer : (0.7-1.2) kg/m?2 (sikadur-330)
Resin Consumption - Following layers : 0.5 kg/m? (sikadur-330)

Table 5 - Typical Technical Data and Mechanical properties of used Carbon Fiber sheet.

Epoxy adhesive

The type of epoxy used to make bond between carbon fiber sheets with the face of concrete
is consist of two parts; A, and B, commercially called (Sikadur 3302-part epoxy impregnation
resin).

Experimental Setup

Tests of Fresh Concrete
The tests were carried out according to The European Guidelines for Self Compacting Concrete
Specification, (EFNARC, 2005).

Tests of Hardened Concrete Repairing Procedure

Al specimens required for mechanical Slabs repairing Procedure by CFRP
properties measurements like; 150 mm  The slabs S3 and S1 were a control slabs.
cubes, 150 x 300 mm cylinders, and 100 x  Slabs S2 and S7 were to be loading until
100 x 500 mm beams of concrete mixes were  crackingonly,apply CFRP materials preparing,
removed from curing water at the time of test.  then loading slab again and studying the
All tests were carried out according to BS  behaviour of failure after repairing.

1881: part 116,117,118: 1983. Slabs repair' by section
Compression test, tensile splitting test and enlargement

flexural test had been carried out. The slabs S3 and S1 were to be the control
Strengthening Pro slabs. Slabs (S4, S5) were to be loading until

The slab S3 was to be a control slab without  cracking only. The following steps outline slab
externally CFRP strengthening. The slab S6  repair procedure by section enlargement.

was to be externally strengthened by 3 strip 1. Driling an opening 200 mm diameter
25 cm width of CFRP in each direction with 3t the centre of the cracked slab and

angle 45°, then loading. four small openings at the four corners

No.:( 97 ) Ramadan 1436 h - July 2015



tight forming space constraints that make
concrete pours challenging. These projects
usually have tighter spacing between the
reinforcement and the existing concrete
surface and reinforcement and formwork.
SCC'’s flowability lends itself well to concrete
slabs “form and bump” repairs that are
commonly found on structural restoration and
strengthening projects (Mike Miller, 2009).
In this study two repair methods were used
to compare between them; Carbon Fiber
Reinforcement Polymer (CFRP) and section
enlargement (SCC Jacketing) method.
Externally bonded FRP systems have been

Experimental Program

used to strengthen concrete structures around
the world from mid 1980s .Since about the
mid -1990s there has been a growing use of
externally bonded fiber reinforced polymers
composites (FRP) to strengthen a wide range
of concrete structural elements (ACI 440.2R,
2002). In this study (CFRP) were used also
in slabs strengthening with six strips (25 cm
wide). The effect of compressive strength
of the cast concrete on the repair and
strengthening efficiency was studied. The
cracking load at the first visible crack and
failure loads for the tested SCC slabs were
recorded.

To achieve the objectives of this investigation, seven specimens of SCC slabs were prepared.
The experimental program is given in tables (1), (2), and (3).strengthening projects have

Mix M1 M2
{ NSSCC) | (HSSCC)
Compressive
strength feu (MPa) | 37 63
MNumber of RC slabs | 3 4
. M1 M2
Mix (NSscc) | (Hssce)
Cement (Kg/m3) 400 500
Silica fume % 10 15
limestone Powder % | 15 15
C.A Type Fine gravel | Dolomite
F.A Type sand sand
C.A/F.A Ratio 1.5 1.0
* HRWRA % 1.60 4.00
** wicm 0.40 0.33

*HRWRA is high Range Water — Reducing Admixture,
“*wicm is Water- Cementations Ratio

Table 2 - Concrete design mixes

7 SLABS : 1.25- 125+ E.cm, Seven 8 -mm- diameter steel bars

in each direction

M1: 54 — 51- 57 | M2: S2-S3-S5-S6

S1 | Loaded until totally failure (Control Slab)

S4 | Loading unitil cracks only then repaired by SCC jacket

S7 | Loading until cracks only then repaired by CFRP

S3 | Loaded until totally failure {Control Slab)

S5 | Loading unitil cracks only then repaired by SCC jacket

S2 | Loading until cracks only then repaired by CFRP

S6 lz.:liFIP strengthening before loading, then loading until
ailure

Table 3 - Experimental program

Ml oy WA o[
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STRENGTHENING OF HIGH AND NORMAL
STRENGTH SELF - COMPACTED
CONCRETE SLABS

ABSTRACT: Structural retrofitting is very important because many existing
structures worldwide are facing aging and there is an increasing demand for
higher load carrying capacities. This paper investigates the structural behaviour of
high and normal strength self-compacted concrete slabs, which are strengthened
using different techniques. Two different techniques are used for the purpose of
strengthening namely; Carbon Fiber Reinforcement Polymer (CFRP) and section
enlargement (SCC jacket 50 mm). Seven reinforced concrete slab models (125 x
125 x 6 cm) were cast from two mixes, normal and high strength self-compacting
concrete. Four Slabs were preloaded until visible cracks appeared and then
strengthened with CFRP sheets (S7 and S5) and section enlargement (S4 and S5)
before being loaded to failure. Control slabs S1 and S3 were tested to failure. Slab
S6 was strengthened with CFRP for a subsequent test until failure. The efficiency of
different strengthening techniques and their effects on the structural behaviour of
high and normal strength self-compacted concrete slab has been analysed. It was
observed that the type of strengthening technique used will affect the load carrying
capacity of the slab. Two strengthening techniques were found to be able to enhance
the structural capacity of cracked concrete slabs. It was found that the structural
capacity of FRP strengthened slabs was significantly influenced by fiber orientation.

Mohamed Wahdan M. H. BARAKAT
Lecturer assistant, Civil Engineering Dep.,
Misr Higher Institute for Engineering and
Technology, Mansoura, Egypt

has been fabricated from (SCC), which places
itself in densely- equipped narrow and deep
sections with its own weight, consolidates

Introduction
During the past decade, the issue of
deterioratinginfrastructure has become atopic

of critical importance in many countries, Also,
one of the commonly used special concrete
types is self-compacting concrete (SCC) and
most of these civil engineering infrastructure
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without any vibrations, has high resistance
and durability characteristics, and has a very
fluid- consistency (Fleming and King, 1967).
Many repair, strengthening projects have
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