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Failure Behavior of the Low Ductility CFRP Strengthening RC-Slab
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ABSTRACT

Two Reinforced concrete one-way slabs with the cross section of 0.10 m x 0.63 m and 2.4 m span
length were designed for the live load of 400 kg/mz. One of them was then strengthened according to ACI
318-05 with the 6 layers of CFRP to increase the live load resistance to 800 kg/m2 aiming to fail by CFRP
debonding at low ductility range or with the flexural strength reduction factor, (I), of 0.76 . Third point
loading test showed the debonding failure at the interface of CFRP and concrete during yielding of the
rebars. The load carrying capacity of strengthen slab was less than predicted ultimate capacity. The
maximum tensile strain of outermost carbon fiber sheet was 0.001371 which is also lower than expected
standard value. The evaluation of the flexural strength reduction factor, (I), based on the ultimate strain of
rebar is 0.75. The test results showed that CFRP slab strengthening in case of very low ductility may be
hardly controlling failure behavior. The proper installation of strengthening system must be conducted

under close supervision of licensed engineers and more research in this topic is needed.

KEYWORDS: Failure behaviors, Moment reduction factor, Ductility, CFRP, Reinforced concrete slabs
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System type : dry, unidirectional sheet, installed using a wet layup procedure where
the dry carbon-fiber sheets are impregnated and adhered with an

epoxy resin on-site.

Fiber type : high-strength carbon

Polymer resin : epoxy

Mechanial properties : Thickness per ply t;= 0.167 mm
ultimate tensile strength of the CFRP £, =35,000 kg/cm2
tensile modulus of elasticity ofthe CFRP E;=2,350,000 kg/cm2

ultimate rupture strain of CFRP € = 1.5%

Design reduction factors : |environmental reduction factor C; = 0.95 for interior exposure

FRP strength reduction factor W=0.2385 for flexure
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No. Instruments Measurement items / Locations #1 #2
1,2 Dial gauge Mid-span deflections \l \/
3,4,5 Strain gauge Tensile strains in main steel reinforcement \l '\/
6,7 Strain gauge Compressive strains at the top slab surface \l '\/
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< (<

13,14 Strain gauge Tensile strains at the bottom slab surface
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Load-Deflection Relatonships
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3 1000 |
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Load-Strain of Carbon Fiber Relationships
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Strain of steel reinforcement (mm./mm.) Strain of Carbon Fiber (mm./mm.)
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93414 CFRP vauzimuITA (M, from measured €, ) W31 M, from load test 9xf1nIUe 4.3% uiula
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NaNAaoU loading test

Summary of Results #1 #2
Required Factored Moment, M (kg-m) 464.49 757.79
Theorectical M ( fc’/fy Prelim prop.) (kg-m) 712.80 1561.81
Theorectical M, (f, ’/fy Real prop.) (kg-m) 764.28 1793.32
M, from load test (kg-m) 576 784
M, from measured €, (kg-m) - 819
Theoretical €, ( fc’/fy Prelim prop.) (mm/mm) - 0.004140
Theoretical E, ( fc'/fy Real prop.) (mm/mm) - 0.004930
€. (Measured strain) (mm/mm) - 0.001371
Theorectical €  (f'/fy Prelim prop.) (mm/mm) 0.02071 0.002976
Theorectical € ( fc'/fy Real prop.) (mm/mm) 0.02876 0.003551
€ (Measured strain) (mm/mm) 0.00512 0.002891
(1) (Prelim design) 0.9 0.76
(I) (Measuring strain estimation) 0.9 0.75
Ductility ratio (€_/ SSy) 3.72 2.10
Ductility ratio (A/A) 4.71 3.27
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