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Carbon fiber sheets .
{__Central column

Reinforcing stee]

Carbon fiber sheets All dimensions are in mm
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Specimen Slab depth Longitudinal reinforcement. ¢ CFRP sheet width Concrete strength. £}

Series designation (mm) (mm) (mm) (MPa)
Al SAl 55 568 None 319
SAIFS 55 568 50 29.1

SAIF10 55 568 100 343

SAIF15 55 568 150 235

A2 SA2 55 7638 None 355
SAJF10 55 768 100 319

SA2F15 55 768 150 35.5

SA2F20 55 768 200 235

Bl SBI 75 5610 None 35.5
SBIF10 75 5610 100 31.9

SBIF15 75 5610 150 33.0

SBIF10 (2L) 75 5610 100 (two layers) 343

B2 SB2 75 7410 None 20.1
SB2F15 75 7410 150 20.1

SB2F20 75 7410 200 33.0

SB2F15 (2L) 75 7610 150 (two layers) 343

Note: f, for & 8 bar=487.6 MPa: f, for ¢ 10 bar=488.5 MPa.
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Mode of Normalized load. P,
Specimen Failure (kN) Pu ! Pu(controt)
SAI1 (control) Flexural 49.2 1.00
SAI1FS Flex punch 474 0.96
SAIF10 Punching 65.4 1.33
SAIF15 Punching 64.1 1.30
SA2 (control) Punching 60.5 1.00
SA2F10 Punching 70.1 1.16
SA2F15 Punching 77.7 1.28
SA2F20 Punching 80.0 1.32
SB1 (control) Flex punch 78.8 1.00
SB1F10 Punching 114.5 1.45
SB1F15 Punching 104.0 1.32
SB1F10 (2L) Punching 107.5 1.36
SB2 (control) Punching 122.0 1.00
SB2F15 Punching 142.3 117
SB2F20 Punching 118.6 0.97
SB2F15 (2L) Punching 123.3 1.01
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Specimen Number and scheme Description of CFRP strengthening configuration

designation of CFRP strips (see Fig. 2)

Control

4-0-CFRP 4-Orthogonal strips One line of CFRP strip offset from each column face by the slab
effective depth (d). Each CFRP strip is 1.70 m long.

4-S-CFRP 4-Skewed strips One line of CFRP strip offset from each column corner by the slab
effective depth (d). Each CFRP strip is 1.60 m long.

8-O-CFRP 8-Orthogonal strips Two lines of CFRP strips bonded orthogonally around the column
faces with the offsets equal to the slab effective depth (d).

8-S-CFRP 8-Skewed strips Two lines of CFRP strips bonded diagonally around the column

corners. The strips are offset from the column corners by the slab
effective depth.

8-O&S-CFRP 8-Orthogonal and skewed strips Two lines of orthogonal and skewed CFRP strips offset from each
column face and corner, respectively, by the slab effective depth.
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(a) CFRP strips (Sika CarboDur S1012)

Width 100 mm
Thickness 1.2 mm
Modulus of elasticity 165 Gpa
Tensile strength 2,800 Mpa
Elongation at break 1.7%
Apparent density 1.5 g/em’
(b) Adhesive paste (Sikadur 30)

Density 2 kg/L
Tensile strength (at 7 days) 24.8 MPa
Elongation at break (at 7 days) 15
Modulus of elasticity (at 7 days) 4.5 GPa
Shear strength (at 14 days) 24.8 MPa
Bond strength to concrete (2 days) 22 MPa
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Concrete Experimental Normalized Precracking Postcracking
strength load load Deflection stiffness stiffness
f; Pcr Py Pu Pcr Py Pu 6(‘7 8)’ 8u Euncmckud Ecmckcd
Specimen (MPa)*  (kN) (kN) (kN) kN)" &N’ N’  (mm) (mm) (mm) (GPa)® (GPa)®
Control 28 44 231 421 44 231 421 0.80 8.00 16.40 55.00 24.30
4-O-CFRP 25 35 323 420 58 342 445 0.84 8.33 11.45 69.05 35.47
4-S-CFRP 28 54 312 451 54 312 451 1.00 8.79 13.50 54.00 31.32
8-O-CFRP 25 57 343 456 60 363 483 0.86 8.20 11.50 69.77 38.82
8-S-CFRP 25 52 323 462 55 342 489 1.20 8.75 13.60 45.83 34.16
8-O&S-CFRP 28 64 310 477 64 310 477 1.12 7.38 11.95 57.14 37.92

*f!=concrete compressive strength at 28 days.

®Normalized load=experimental load X /(28/f7). Load normalization is commonly used to offset the effect of different concrete compressive strength.

“Precracking and postcracking stiffnesses are calculated as the slope of load—deflection plots.
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¥ 5 Edit Constraint

Name: Constraint-1

Type: Embedded region

f| Embedded region: (Picked) [

’ Host region: (Picked) [

Weight factor roundoff tolerance: i(EWﬁ ‘
Tolerance method: () Absolute () Fractional @ Both
Absolute exterior tolerance: 0 ‘

Fractional exterior tolerance: 10.05

Note: If both absolute and fractional tolerance are specified,
the smaller tolerance will be used during analysis.

s

ABAQUS 5 (Embeded region) sais plésl ab Slaogas g Jls sla,gile, ] (A-F) JSi

& it Material S| & it Material =
Name: steel-reinforcement Name: steel-reinforcement
Description: [ ‘ 2 Description: | o 7
Material Behaviors Material Behaviors
i Density jDensity
[pas ]
T (| pastic
General Mechanical Thermal Electrical/Magnetic  Other General  Mechanical Thermal ~Electrical/Magnetic ~ Other
Plastic Elastic
Hardening:  Isotropic E” Type: | Isotropic E|
[] Use strain-rate-dependent data [ 7] Use temperature-dependent data
[7] Use temperature-dependent data Number of field variables: [ 0
5 5 Ladf I
Number of field variables: ‘ 05| Moduli time scale (forviscoelasticity):iLong-term H‘
Data [] No compression
Vield Ph‘t'( [7] No tension
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2% Edit Boundary Condition )

Name: BC-3

Type:  Displacement/Rotation
Step:  Step-1 (Static, General)
Region: (Picked) [3

csvs: (Global) Ry A

Distribution: [Uniform [+ 9
P
P —
B [ radians
[ uR2: ‘:radians
Furs [ radians

Amplitude: [ (Ramp) EI Po

Note: The displacement value will be
maintained in subsequent steps.
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Name: BC-2

Type:  Displacement/Rotation
Step:  Step-1 (Static, General)
Region: (Picked) [}

CSYS: (Global) [y A

Distribution: “Jniform 79 fix)
ut: 0

vz |13 s

u3: o

UR1L: \07 7‘ radians
UR2: 1671 radians
UR3: E}J:\ radians
Amplitude: !m A]

Note: The displacement value will be
maintained in subsequent steps.
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45 Edit Boundary Condition ‘il

Name: BC-3

Type:  Displacement/Rotation
Step: Step-1 (Static, General)
Region: (Picked)

CSYS: (Global)

Distribution: ‘V:Eiform ‘

uL: o ]
[T v2: |
uz: o ]

o [

Amplitude: |Ramp) o] Fo

Note: The displacement value will be
maintained in subsequent steps.
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47 Edit Boundary Condition &

Name: BC-1

Type:  Displacement/Rotation
Step: Step-1 (Static, General)
Region: Set-1 [3

CsYs: (Global) N A
Distribution: | Uniform M
[FJut: :

¥ u2: 12

[ u3:

[7] URL: radians

[ UR2: radians
[F] UR3: radians

Amplitude: | (Ramp) EI %
¥ Note: The displacement value will be

maintained in subsequent steps.
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Abstract:

Flat slab systems are one of the most vulnerable structural systems that are
susceptible to damage and collapse unless they are designed and detailed
properly. The greatest disadvantage of those systems is the risk of brittle
punching failure at the slab-column connection due to transfer of shear and
unbalanced moment. The sudden and brittle nature of this phenomenon
resulted in the progressive collapse of a number of buildings. Therefore
there is a need to establish an effective, reliable and economical
strengthening/upgrade method for them. Nowadays making use of FRP in
strengthening is increasing because of their unique properties. In
strengthening of slabs, FRP is using more often for flexural upgrade. But,
use of FRP in the field of shear strengthening of slabs was paid attention
fewer and was limited to few researches. This thesis will introduce shear
upgrading schemes for slab-column connections using fiber reinforced
polymers with  ABAQUS finite element software. First to assurance from
correctness of the numerical solution results, an experimental specimen
was modeled in ABAQUS and the created analytical model was calibrated
by experimental results. This examples in ABAQUS software a like quarter
and dimensional (3D) was be modeling. After that you sure from accuracy
modeling flow, the different states of setting FRP pages was be modeling
and optimum state of that was got at the end of parametric ovservation on
the example was get up, among ordinate, diameter, brand FRP pages was
studied.

Keywords: R.C. flat slab, Punching shear, Strengthening, Finite element,
FRP
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