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ABSTRACT

Fracture energy of concrete Gf may be calculated, according to the International Reunion of

Construction Materials and Experimental Tests (RILEM), from three points bending test
performed on notched beam. Based on the for ce displacement curve, the calculated fracture energy
is dependent on the specimen’s size. Inverse Analysis is thus used in this work to solve this
dependence problem by coinciding the experimental stress — crack mouth opening displacement
CMOD curve with the analytical one using a power law strain-softening curve. Three points
bending tests were performed on beams with different sizes and notch lengthsto verify the effect of

size and the notch length on Gf. Then, this fracture energy due to RILEM, quexp] , were

calculated and compared to the one resultant from inverse analysis Gf, and consequently beam’s

dimensions that lead to Gfliexp:] equal to Gf were specified. Furthermore, relations between
material properties of concrete (tensile and compressive strength) and fracture parameters

(fracture energy, critical crack opening H{: the degree of exponential curve of stress — CMOD

curve) based on theintrinsic fracture energy are established .

Keywords: concrete, fracture energy, inverse analysis, fictitious crack model, power-law strain-softening

curve.

For The paper in Arabic see pages (23-37)

"Research Prepared in the context of a PhD in structural civil engineering Eng.G.Danhash**
under the supervision of Prof. Dr. Dr.M.kousa, and participation of Dr. Dr.G.wardeh.
“PhD student in structural civil engineering / Damascus university.

“Professor assistant/Damascus university / Syria

"Professor assistant/Cergy pontoise/ France

11



Investigating the size independent Fracture Energy of concrete using Inverse Analysis

References:

[1] D.Darwin , S. Abraham, R. kosul, S.G Luan,
ACI mater. J,98(5) (2002) 410.

[2] Hilleeborg A. Modeer M.Petersson P E
"Analysis of crack formation and crack growth
in concrete by means of fracture mechanics and
finite eements’. Cement and Concrete,
Research, Vol. 6, 1976, pp.773-782.

[3] Karihaloo . B. L. & Nallathambi , P . (1991) ,
Notched beams test : model | fracture
toughness, in S. Shah & A. Carpiteri , eds, '
Fracture Mechanics Test Method for concrete
Chapmann & Hall ,chapter 1, pp. 1 - 86.

[4] RILEM " Determination of the fracture energy
of mortar and concrete by means of three-
points bending tests on notched beams'.
Materidls and  StructuresMatériaux et
Constructions, 18(106),99-101.prepared by
TC50-FMC.

[5] Ricardo A. Einsfeld, Marta S.L Velasco "
Fracture parameters for high-performance’
Cement and concrete research 36 (2006) 576-
583.

[6] Roa G. Appa, Prasad B.K. Raghu "Fracture
energy and softening behavior of high
strength concrete” Cement and Concrete
research 32 (2002) 247-252.

[7] Stang , H. (2000) , Anaysis of 3 points
bending test , Technical Report EU Contract
—BRPR — CT98 — 813, Report from Test and
Design Methods for Steel Fibre Reinforced
concrete . 7p.

[8] Sundara Rgja lyengar, K.T., S. Ravirgj, and
T.N. Jayaram, Analysis of crack propagation
in drain-softening beams.  Engineering
Fracture Mechanics, 2002. 69(6): p. 761-778.
(2008).

[9] Ulfkjaer J.P., Krenk S., Brinckler R.1995"
analyticalk model for fictitious crack
propagation in concrete beams " Journal of
engineering mechanics 121(1),7-15 .

[10] G.WARDEH, E. GHORBEL, V. MIGNOT "
Fracture parameters of hybrid fibred
reinforced self compacting concrete " , 6th
CCC Congress MARIANSKE LAZNE 29
September-1 October 2010 Czech republic .

[11] G.WARDEH, Elhem GHORBEL,

“Fracture behavior of frost damaged concrete”,
New Trends in Fatigue and Fracture .NT2F11
3-6 July Bari-ltaly.

[12] F.H Wittmann , Rokugo , K , Bruhwiler ,E.
Mihashi, Simonin ,P. " Fracture energy and
strain softening of concrete as determined by
means of compact tension specimens "
material and structure 1988,21,21-32.

[13] Wu KeRu, Bing Chen , Wu Yao, Dong
Zhang "Effect of aggregate type on
mechanical properties of high-performance
concrete” Cement Concrete research 31
(2001) 1421-1425.

[24] Jdun Zhang , Christopher K.Y .Leung, Shilang
Xu , “evauation of fracture parameters of
concrete from bending test using inverse
analysis approach”, materials and structurals
(2010).

[15] Z. Zhao, Kwon, S.H., and S.P. Shah, "Effect
of specimen size on fracture energy and
softening curve of concrete': Part .
Experiments and fracture energy. Cement and
Concrete Research, 2008. 38(8-9): p. 1049-
1060.

[16] Z. Zhao, Kwon, S.H., and S.P. Shah, "Effect
of specimen size on fracture energy and
softening curve of concrete": Part Il . Inverse
analysis and softening curve. Cement and
Concrete Research, 2008. 38(8-9): p. 1061-
1069.

12



