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1 INTRODUCTION

All participants whose Abstract has been ac-
cepted for presentation at the Conference are
kindly requested to submit the Full Paper elec-
tronically via the web page of the Conference
http://framcos-x.sciencesconf.org before April
1st 2019.

The corresponding author should be the
speaker, and has to pay his registration fee be-
fore May 1st 2019 for final acceptance.

2 GENERAL SPECIFICATIONS

The Full Paper must be written in English
within a printing box of 17 cm × 24 cm, cen-
tered in the page. The Full Paper including fig-
ures, tables and references must have a mini-
mum length of 4 pages and must not exceed 12
pages. Maximum file size is 4 MB.

3 TITLE, AUTHORS, AFFILIATION,
KEY WORDS

The first page must contain the Title, Au-
thor(s), Affiliation(s), Key words and the Ab-
stract. The Introduction must begin immedi-
ately below, following the format of this tem-
plate.

3.1 Title

The title should be written centered, in 14pt,
boldface Times New Roman, all capital letters.
It should be single spaced if the title is more
than one line long.

3.2 Author

The author’s name should include first name,
middle initial and surname. It should be written
centered, in 12pt boldface Times New Roman,
12pt below the title.
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First A. Author, Second B. Author and Third C. Coauthor

3.3 Affiliation
Author’s affiliation should be written cen-

tered, in 11pt Times New Roman, 12pt below
the list of authors. A 12pt space should sepa-
rate two different affiliations.

3.4 Key words
Please, write no more than six key words.

They should be written left aligned, in 12pt
Times New Roman, and the line must begin
with the words Key words: boldfaced. A 12pt
space should separate the key words from the
affiliations.

3.5 Abstract
Use 12pt Times New Roman for the Ab-

stract. The word Abstract must be set in bold-
face, not italicized, at the beginning of the first
line. The text should be justified and separated
12pt from the key words, as shown in the first
page of these instructions.

4 HEADINGS
4.1 Main headings

The main headings should be written left
aligned, in 12pt, boldface and all capital Times
New Roman letters. There should be a 12pt
space before and 6pt after the main headings.

4.2 Secondary headings
Secondary headings should be written left

aligned, 12pt, boldface Times New Roman,
with an initial capital for first word only. There
should be a 12pt space before and 6pt after the
secondary headings.

5 EDITORIAL HEADING
The first page has to include the Editorial

Heading, as shown in the first page of these in-
structions. Successive pages will include the
name of the authors.

6 TEXT
The normal text should be written single-

spaced, justified, using 12pt Times New Roman
in two columns. The first line of each paragraph

must be indented 0.5 cm. There is no inter-
paragraph spacing.

7 PAGE NUMBERS
In order to organize the Full Paper, it is bet-

ter to number the pages. Page numbers are not
included in the printing box.

8 FIGURES
All figures should be numbered consecu-

tively and captioned. The caption title should
be written centered, in 10pt Times New Roman,
with upper and lower case letters.
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(c) Fractured high strength concrete (d) 3D rendering of mortar fragments

(b) Fractured mortar(a) Fractured cement paste 

Figure 10. Tomographic sections of ruptured specimens.

5.1.2. 3D data analysis. The vast field of digital image
processing provides us with an abundance of tools for
quantitative data analysis[4, 2]. In the work described here,
we have two objectives: measure the total surface area (within
our limits of resolution) of the complex crack system and
count the number of fragments created. Both objectives are
realized through simple image segmentation combined with a
3D connectivity analysis.

In this application of image segmentation, we simply
wish to isolate the solid material from the background. As
the tomographic scan is simply a 3D greyscale intensity
image, I (x, y, z), where intensity, I is proportional to x-ray
absorption, we can simply employ a threshold-based approach
as illustrated in figure 11. Included in figure 11 is an intensity
histogram that illustrates the selection of the threshold value.
We choose the threshold to be the minimum between the two
peaks as a way to minimize segmentation error (interpretation
of solid to be void, and interpretation of void to be solid.) The
result is that voxels having an intensity above the threshold
are interpreted to be solid, while all others are interpreted to
be void.

The critical step in our image analysis is the object
connectivity analysis. In this work we employed a routine
developed by Franklin [74] that allows rapid analysis of large
(1000 × 1000 × 1000 voxels or greater) volumes. The code
identifies adjacent voxels as being part of the same object
if they share either a face (6 connectivity), or a corner (26
connectivity), as prescribed by the user. Once each object
is identified, its volume is measured by simply counting the
number of voxels in the object, and its surface area is measured

by counting the number of free or border voxel faces. In this
work 6 connectivity was employed. Of note is that we find
tens or even hundreds of thousands of 3D objects. However,
most of these objects are only a few voxels in size.

Our measurement of the number of discrete fragments
created during fracture required an additional step. The
connectivity analysis described in the previous paragraph
defines objects to be connected no matter how small that
connection might be. As a result, two large and otherwise
discrete fragments, each containing hundreds of thousands
of voxels, are considered to be a single object even if their
connection is a single voxel. The nature of the fracture might
lead to hundreds of discrete fragments, but the connectivity
analysis may tag it as a single object because of inter-fragment
contact. To remedy this issue, we employed a 3D watershed
algorithm that separates objects that are connected, but have
identifiable segments [75]. The name comes from the 2D
analogy with catch basins on a topographic map.

5.1.3. Experimental results. The results of the 3D image
analysis can be combined with the measured load–deformation
response to calculate the energy associated with fracture of
these small specimens. Using the plots shown in figure 9,
the work of load was established by taking the area under the
loading curve up to fracture, and subtracting the residual elastic
energy manifested in the unloading segment. This quantity
represents the energy consumed by fracture. Specific fracture
energy can be determined by dividing by the surface area
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Figure 1: Fractured high strength concrete.

A 6pt space should separate the figure from
the caption, and a 12pt space should separate
the upper part of the figure and the bottom of
the caption from the surrounding text.

Figures may be included in the text or added
at the bottom of the Full Paper.

9 EQUATIONS
A displayed equation is numbered, using

Arabic numbers in parentheses. It should be
centered, leaving a 6pt space above and below
to separate it from the surrounding text.

The following example is a single line equa-
tion:

Ax = b (1)

The next example is a multi-line equation:

Ax = b

Cx = d (2)
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First A. Author, Second B. Author and Third C. Coauthor

10 TABLES
All tables should be numbered consecutively

and captioned, the caption should be 10pt Times
New Roman, upper and lower case letters. The
texts inside the table should be of 11pt.

Table 1: Example of the construction of one table

C11 C12 C13
C21 C22 C23
C31 C32 C33
C41 C42 C43
C51 C52 C53

A 6pt space should separate the table from
the caption, and a 12pt space should separate
the table from the surrounding text.

11 FORMAT OF REFERENCES
References should be quoted in the text by

numbers [1–3] and grouped together at the end
of the Full Paper in numerical order as shown
in these instructions. If you are using BibTEX,
you can use the bibliographystyle unsrt or
plain.

12 CONCLUSIONS
Full Papers in format for publication

should be submitted electronically via the

web page of the Conference http://framcos-
x.sciencesconf.org before April 1st, 2019.
They must be translated into Portable Docu-
ment Format (PDF) before submission. The
maximum size of the file is 4 Mb.

The speaker (corresponding author) is ex-
pected to pay his registration fee during the ad-
vance period (before May 1st, 2019) for the
presentation to be included in the final program
of the Conference.
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