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Research significance: @Empa

Understanding and improving the long-term behavior of CFRP strengthened T
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CFRP strengthening of hollow box girder bridge decks: a critical scenario

Two different modeling approaches to calculate the temperature in the adhesive layer, and thermal stress
in the CFRP:

Full domain approach and Lumped boundary approach.




Maarials Soence and Technology

Experimental tests: Dibendorf (CH) @®Empa
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Non-prestressed strips / Asphalt layer

Prestr'eésed:‘erips + Gradient Anchoragé
Epoxy protective layer

Test No.3 Loaded since September 2015 Test No.6 (Prestressing strain 0.5%)
Test No.4 Loaded since March 2016 Loaded since June 2016

Monitored data: Air temperature, Humidity, Epoxy-adhesive
temperature, Asphalt temperature, CFRP strain, Solar
radiation

Strip debonding
in August 2018




Problem definition and governing equations @Empa
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The numerical model was implemented in COMSOL Multiphysics® software by using the
Heat Transfer with Surface-to-Surface Radiation and the Structural Mechanics modules.
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Heat transfer at the boundary: ®Empa
Surface radiation and convective heat flux
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Free end

b=1.00 m
h=0.22 m

CFRP: 1.2mm x 100 mm
Adhesive Thickness: ~2mm

CFRP and adhesive have a high
geometrical aspect-ratio

@Empa
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— _ Full domain approach:

~— Accurately reproduces the
geometry, however, require a
—< fine mesh in order to avoid

i esszomq highly distorted elements.

-~~~ Lumped boundary

approach:

~—— “Thin Layer" approximation
- in the heat transfer problem,
. facilitate the meshing

rocedure.




Lumped boundary approach @Empa
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Thermally thin

m In the Heat Transfer, the calculation of the conductive
heat transfer is performed in an extra dimension, Thermally thick
representing the thickness of the element. == ==

Slit for T on the boundary

No extra DOF

General
m  General formulation: allows the solution of the ===

Full discretization of the layer

Modeling Heat Transfer in Solids and
Fluid. Comsol Webminar 2018

conductive heat transfer problem into the boundaries W= Thin Layer
&= Heat Flux

(tangential direction) and through the thickness
(normal direction) of the structure

m In Structural mechanics, CFRP and adhesive are
modeled as shell elements.

L» Approximation in the

temperature of the shell




Models results and comparison
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Temperature [°C]

Temperature profile along the cross-section height
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Temperature on the top concrete surface @Empa
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Stress [MPa]

40

Thermally induced stress

A A

354

304

25+

—— Full-domain
Lumped boundary|

CFRP principal stress
1ID ZIU 3I0
Time [h]

40

@Empa

Maarials Soence and Technology

&n = a(T — Tref)
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Conclusions and future works @Empa

Both models can fit the experimental measurements:

- Accurate results can be obtained with the boundary layer approach.
- The_full-domain approach can, however, provide more accurate and detailed results

The thermal stress in the FRP is negligible in comparison to the one typically generated
from external loads.

CFRP strengthening faces directly the solar radiation, an additional protective layer or
high safety factors might be necessary.

Further studies are needed to evaluate if the thermally generated stresses combined with
sustained loads can affect the long-term behavior.
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