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ABSTRACT

Maintenance afteihe implementationf a civil engineering project is as crucial as the
planning and construction of gecuring the resistance over time.

Currentlyin Greece aignificantpercentage of existing reinforced concrete buildings
has exceeded its conventiotiédtime (about 50 years). Thus, strengthenisga-vis
shear and/or flexural resistansamandatory so that they can cope witle increased
plasticity demandthat current design standards

This diploma thesis deals with the simulation of two reld$iveoderntechniquegor
flexural strengthening of Reinforced Concrete columns. These two methods are
known as NSM(near surface mounted) reinforcememid TRM (textile reinforced
mortar) For the simulation, the finite element method was used via the ABAQ
2018 software. The goal was on the one hand to establish the validity of the results
from the software in comparison with real experiment results and on the other hand to
further investigate the efficiency of the strengthening methods that were usasl and
result tocreateempirical diagramaboutthe response of retrofitted columns.

To simulatethe constitutive response abncrete, the Concrete Damage Plasticity
model and 3D continuum solid elements were u3ée.steel (Carbon or Stainless)

and FRPs reinforcement, were simulated with 1D truss elements and elastic materials
with hardening slope, brittle or ductile damage. All the analyses were carried out with
the ABAQUS/Explicit solver.In addition to the paramétr analyses during the
simulation in order to make the final chacef the various characteristics of the
model,resultsare presented in terms of:

(a) cyclic loading othe columns as well as

(b) monotonic loading in the form dfteractionDiagrams

Keywords ¢ Fl exural Strengthening, Reinforced
ABAQUS/Explicit, NSM, TRM, Concrete Damage Plasticity, Interaction Diagrams,

Cyclic Reverse Loading, Monotonic Loading, Fiber Reinforced PolymefRRP,
Stainless Steel, Textile Reinforced Mortar
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=== numerical solution
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Element Library Family

s ]

Acoustic

Geometric Order Cohesive

@ Linear O Quadratic Continuum Shell v

Hex Wedge Tet
Reduced integration [] Incompatible modes

Element Controls

Kinematic split: @® Average strain O Orthogonal O Centroid
Second-order accuracy: O Yes @ No
Distortion control: @® Use default O Yes O No

0.1
Hourglass control: () Use default @ Enhanced O Relax stiffness O Stiffness O Viscous (O Combined

0.5
Conversion to particles: ® Use default O Yes O No
Time 1 Cubic

Element deletion: @ Use default O Yes O No
Max Degradation: @ Use default O Specify
Scaling factors: 1  Linear bulk viscosity: 1 | Quadratic bulk viscosity: | 1

C3D8R: An 8-node linear brick, reduced integration, hourglass control.
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hourglassingontrolA  Enhanced
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C 3D 20 R H T
i i i i I I _
Optional:
heat transfer convection/diffusion with
dispersion control (D),
coupled temperature-displacement (T),
piezoelectric (E), or pore pressure (P)

hybrid (optional)

Optional:

reduced integration (R),

incompatible mode quad/bricks or

improved surface stress formulation tets (1), or modified (M)

number of nodes

L link (1D), plane strain (PE), plane stress (PS),
generalized plane strain (PEG), two-dimensional (2D),
three-dimensional (3D), axisymmetric (AX), or
axisymmetric with twist (GAX)

continuum stress/displacement (C), heat transfer or mass diffusion (DC),
heat transfer convection/diffusion (DCC), acoustic (AC), electromagnetic (EMC),
or coupled thermal-electrical-structural (Q)
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[] Use temperature-dependent data (] Use temperature-dependent dat
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Damage Evolution

Ductile Damage Type: | Energy v

[JiUse temperature-dependent data Softening: | Exponential

Number of field variables: 07 Degradation: | Maximum d
Data [[] Use temperature-dependent data
Fracture Strain Stress Triaxiality ~ Strain Rate Number of field variables: 0's
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Fracture
Energy
1 860
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Rebar geometry: @ Constant O Angular O Lift equation-based

Layer Name Material Area per Bar Spacing Orientation Angle Position
textile_-3_0 textile 0.913462 10 0 -3
textile_-1_0 textile 0.913462 10 0 -1
textile_1_0 textile 0.913462 10 0 1
textile_3_0 textile 0.913462 10 0 3
textile_-3_90 textile 0.934167 10 90 -3
textile_-1_90 textile 0.934167 10 90 1
textile_1_90 textile 0.934167 10 90 1
textile_3_90 textile 0.934167 10 90 3
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DAMAGEC PEEQT

(Avg: 75%) (Avg: 75%)
+9.430e-01 +2.887e-01
+8.644e-01 +2.647e-01
+7.858e-01 +2.406e-01
+7.072e-01 +2.165e-01
+6.286e-01 +1.925e-01
+5.501e-01 +1.684e-01
+4.715e-01 +1.444e-01
+3.92%9e-01 +1.203e-01
+3.143e-01 +9.624e-02
+2.357e-01 +7.218e-02
+1.572e-01 +4.812e-02
+7.858e-02 +2.406e-02
+2.565e-08 +3.29%e-09

TUGY &

FceeM: 5¢gU0as0e eca6j e g e0Ugetl el0emy GUds ¢y
e U U’ o b 6MAOTHSTEPamplitude
DAMAGEC PEEQT
(Avg: 75%) (Avg: 75%)

+9.430e-01 +3.107e-01

+8.660e-01 +2.84%e-01

+7.891e-01 +2.590e-01

+7.121e-01 +2.332e-01

+6.352e-01 +2.074e-01

+5.583e-01 +1.816e-01

+4.813e-01 +1.558e-01

+4.044e-01 +1.300e-01

+3.275e-01 +1.042e-01

+2.505e-01 +7.834e-02

+1.736e-01 +5.252e-02

+9.667e-02 +2.671e-02 ;‘

+1.973e-02 +8.941e-04 "l‘
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drift %

= Control Test

- - - Perfect Bond

Belarbi&Hsu

Fcee O FHob) ollblyyddUegeyd oUe i aUdotloUyBB®o 00t B¢

0dag) e lyeWlgebdl o Us soysslB kjees UBy'@aees dUse g GcYagbU 6 a9

DAMAGEC DAMAGEC
(Avg: 79504/08)7 5 (Avg: 75%)
§ - +9.541e-01
e o +8.746e-01
47.1150-01 +7.951e-01
+6.325e-01 +7.156e-01
+5.534e-01 +6.361e-01
+4.743e-01 a8 - +5.566e-01
+3.953e-01 | ' 3 +4.770e-01
+3.162e-01 +3.975e-01
+2.372e-01 +3.180e-01
+1.581e-01 +2.385e-01
+7.906e-02 ++590e-01
+0.000e+00 +7.951e-
+0.000e+00

Z 6 e 5.40:pc o aComralA | G Uacdkld & a EinerMeshvsd U a j 3 €odrseMesh
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DRIAGET DAMAGET

(Avg: 75%) (Avg: 75%)
+9.468e-01 8.9 e
+8.679e-01 +9.472e
+7.890e-01 +8.683e-01
+7.101e-01 +;.§832-8i
+6.312e-01 +7. -
+5.523e-01 +6.3158-01T
+4.734e-01 +5.525e-01
+3.945e-01 +4.736e-01
+3.156e-01 +3.947e-01
i%'?%e'Si +3.157e-01

. e-

+7.890e-02
+0.000e+00

Longitudinal splitting cracks

FceelipsoanecossALCOBBE00 0UA KneilMeshgs cthU es CoheséMesh
(¢gesaee3UUs ecotgflod b fBedlidqd®agydd

DAMAGET

(Avg: 75%)
+9.468e-01
+8.837e-01
+8.205e-01
+7.574e-01
+6.943e-01
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+5.681e-01
+5.050e-01
+4.418e-01
+3.787e-01
+3.156e-01
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+1.894e-01
+1.262e-01
+6.312e-02
+0.000e+00
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(Avg: 75%)
+5.527e-02
+1.800e-03¢
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-9.230e-06
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-1.215e-03

LE, LE11

(Avg: 75%)
+1.665e-04
+1.526e-04
+1.387e-04
+1.249%e-04
+1.110e-04
+9.711e-05
+8.324e-05
+6.936e-05
+5.549e-05
+4.162e-05
+2.775e-05
+1.387e-05
+0.000e+00

-7.646e—0y

LE, LE11

{Avg: 75%)

2 +2.242e-02
+1.715e-03
+1.429e-03

3 +1.143e-03
+8.575e-04

+5.717e-04
+2.858e-0

U, Magnitude
+1.028e+02
+9.422e+01
+8.565e+01
+7.709e+01
+6.852e+01
+5.996e+01
+5.13%+01
+4.283e+01
+3.426e+01
+2.570e+01
+1.713e+01
+8.565e+00
+0.000e+00
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PEEQT

(Avg: 75%)
+9.156e-01
+8.393e-01
+7.630e-01
+6.867e-01
+6.104e-01
+5.341e-01
+4,578e-01
+3.815e-01
+3.052e-01
+2.28%e-01
+1.526e-01
+7.630e-02
+0.000e+00
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DAMAGEC
(Avg: 75%)

+9.541e-01
+8.746e-01
+7.951e-01
+7.156e-01
+6.361e-01
+5.566e-01
+4.770e-01
+3.975e-01
+3.180e-01
+2.385e-01
+1.590e-01
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DAMAGEC PEEQT
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