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Linear Elastic Fracture Mechanics

There are three types of loading that a crack can experience.
Mode | loading tends to open the crack.
Mode Il loading tends to slide one crack face with respect to the other.
Mode Il refers to out-of-plane shear.
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Linear Elastic Fracture Mechanics

British aeronautical engineer A. A. Griffith noticed that in presence of a crack the
stress value cannot be used as a criterion of failure!
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Cohesive Crack Model

In its simplest form the cohesive crack model was introduced by Barenblatt

(1962) and Dugdale (1960) to represent the nonlinear process located at the
front of the crack.

In 1976 Hillerborg et al. extended the concept of cohesive crack for concrete
(fictitious crack)
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Cohesive Crack Model

Hillerborg considered two essential points:

1) After the peak all the deformation (almost) localizes into the crack

2) The evolution of the crack without a pre-existing crack

stress, O F "
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Cohesive Crack Model

The softening curve is the main ingredient of the cohesive crack model!

(a) stress, O (b) stress, G

o = f(w)

\

crack opening, w elongation, AL

The cohesive fracture energy is the external energy supply required to
create and fully break a unit surface area of cohesive crack
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Non-Linear Elastic Fracture Mechanics

Let’s consider softening

Fracture Process Zone (FPZ)
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Non-Linear Elastic Fracture Mechanics

(a) (b) (c)
linear-elastic linear-elastic linear-elastic
softening nonlinear | |softening ponlinear | [sOftening  ponlinear
hardening hardening hardening
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Size Effect

Progress in the modeling of concrete fracture and introduction of fracture concepts into design codes and practice
has been impeded by the unavailability of a comprehensive database for fracture alone. The literature features a
vast number of fracture data, but they all cover only rather limited ranges of specimen size, initial notch depth,
and postpeak response and have been performed on different concretes, on different batches of supposedly the
same concrete, at different ages, at different environmental conditions, at different rates, with different test
procedures, and on specimens of different types and dimensions. Combining all these data produces a database
with enormous scatter and makes the modeling highly ambiguous because the effect of these differences is
understood much less than the fracture itself.

According to linear elastic fracture mechanics (LEFM), which applies to homogeneous perfectly
brittle materials, and for geometrically similar structures with similar cracks

This is the strongest possible size effect
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Size Effect

For quasi-brittle materials such as concrete, one can distinguish two simple types of size effect.
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Size Effect

For nonprestressed members, Vcshall be calculated

6 in accordance with Table 22.5.5.1 and 22.5.5.1.1
through 22.5.5.1.3.
\/7‘ Jeb.dp, Table 22.5.5.1—V, for nonprestressed members
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1. Axial load, N,, is positive for compression and negative for tension.
2. V. shall not be taken less than zero.

22.5.5.1.3 The size effect modification factor, i, shall be
determined by
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Experimental work

Coarse aggregate: Carey Limestone, with the maximum aggregate diameter of |0 mm
Woater-cement ratio: 0.4
Entrapped air: 2.5%

Two slump tests were performed, one of them at the beginning of the casting process

Casting date: 11/22/2019

Three-point bending tests of notched beams
5 depths were tested: 75 mm, 150 mm, 250 mm, 500 mm, 1000 mm
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Tensile strength (MPa)
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Compressive strength (MPa)
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Test setup

P2

Uh max=0.0043mm

Rotating loading
Z-plate block

U, Magnitude

+1.649e-03 L=254 mm
+1.511e-03
+1.374=-03

+1.236e-03 Specimen :‘\ R R L ] I D=75 mm

+1.099e-03 e =
+9.617e-04 B o 5 e
+8.243e-04 I T

+6.86%e-04
+5.496e-04

Uy, ms=0.041mm

Cylinder

+0.000e+00

A

ww go€

Stiffener

A

\ 4

560 mm

—

\ W ﬁ“'""“

CASE SCHOOL
OF ENGINEERING .. .
Christian Carloni

SIQSFW%TSEIR%\I&SERVE cxc966@case.edu




P2 P=90kN
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Test setup
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Test setup

Compressive Force (kN)

cylinder g %, s 3
© g Specimen :
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Concrete Specimen After Test:

Crack not allgned
with notch tip and
7Irgament
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CMOD Calculations of elastic modulus

4o, a N _6PSa_
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Load responses (P-6)
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Fracture Energy, G,
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Digital image correlation (DIC): Setup

DIC setup for
specimens of
N depth = 500 mm
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DIC setup for specimens of depth
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DIC setup for specimens of
depth < 250 mm
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DIC analysis: Specimen
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Size Effect Curve
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How to model

* Cohesive crack model is a good tool
* Lattice Discrete Particle Model
* Other numerical models

* Cohesive hinge

CASE SCHOOL

OF ENGINEERING .. .
|§l—é W Christian Carloni

U QSIEV EE1§TSER§&SERVE cxc966@case.edu




Cohesive Hinge Model
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Cohesive hinge model
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Conclusions

* Fracture mechanics can be used to predict size effect

* Material properties can be obtained from size effect tests
* DIC analysis used to determine the size of the FPZ

* Size effect plot confirms the trend of SEL

* A cohesive hinge model can be calibrated to determine the size

effect trend
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What is in the future

* Test even larger sizes or thicker elements

* The test method can be extended to shear strength of plain

concrete

* Different concretes can be studied to analyze the effect of

aggregates and effect of SCM
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Thank You!
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