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Abstract. The paper presents the modifications made the conventional Brazilian test and 
stable response. On the basis oftests conducted 

nrcmo<:Prt fOf the 0f fibef 

Resumen. artículo presenta modificaciones hechas en el ensayo convencional de tracción por 
hendimiento o Brasileño y la utilización de un sistema de control de lazo cerrado para obtener una respuesta 
""'"-"'"" estable. En base a ensayos realizados con de alta resistencia con fibras de acero, se propone 

método para cuantificar la tenacidad de con fibras. Los resultados son con los 
obtenidos ensayos de flexión. 

L INTRODUCTION 

conditions that nn""'""" 
and other metaUic 
cracking and the 
apt!hc:aúo>n is in high 

in concrete enhances its 
under 

especially 
increase the resistance against 
of the concrete. One important 

silica fume concretes that are 
more brittle than normal concrete and are, 

prone to catastrophic failure. 

TI1e effectiveness ofthe fibers in increasing the ductility 
of the concrete is usually represented by an engineering 
me asure of the energy dissipation capacity during failure. 
This experimental measure [l] is caBed the toughness of 
fiber reinforced concrete (FRC), and is not equivalent to 
the fracture toughness or fracture energy. 

work describes the use ofthe splitting test 
for the toughness ofFRC. Preliminary results 
from tests of silica fume concrete reinforced with high 

steel fibers are given. 

2. THE SPLITTING-TENSION TEST 

The Brazilian or the indirect tension test is a 
popular method of characterizing the tensile strength of 
concrete. This is mainly dueto the fact that the cylinder is 
a commonly and routinely fabricated specimen. Moreover, 
the testing procedure is quite simple, and has been specified 
in severa! recommendations and standards (e.g., ASTM 
C 496 RILEM CPC6 [3] and UNE 83-806-85 [4]). In 
general, a cylinder or disc is subjected to compressive 
loading along a diametrical plane. The load is applíed with 
15-25 mm wide strips of cardboard or wood between the 
specimen and the plattens, under load controL The test 
terrninates at the peak load, which is recorded and used to 
calculate the maximum tensile stress (assuming line loads 
and a uniform distribution of tensile stresses ). 

It should be noted that the strength obtained from the 
sp litting test depends on the diameter of the specimen [ 5, 
6]. However, the use of a standard diameter, such as 
150 mm, circumvents this problem, as in compression tests. 
The resulting strength is not necessarily a material property 
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should be noted 

tbe fracture 
FRC and concretes. 

3. PROPOSED TEST METHOD 

The diameter ofthe test is chosen as 150 mm so 
tbat tbe standard may be utilized. The 
be between three and five times tbe fiber 
max:imum aggregate whichever is This ensures 
a representative sp;~crme:n volume and minimizes wall 



5. EXPERIMENTAL DETAILS AND RESULTS 
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Fig. 2b. Enlarged view of initialload-COD response 

The defonnation across the crack plane was taken to be 
the crack opening displacement (COD). It should be noted 
that before matrix cracking occurs, this defonnation 
corresponds to that of the zone covered by the gage. After 
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the uncracked zone will unload and the crack will 
the defonnation measured wi!l 

on the gage length and should be used for 
purposes until and unless ít is standardized. 

TI1e three concretes exhibited stable behavior in the pre
and it was observed that 
the errors in positioning the specimen or the bars 

and loss of control at the 
concluded that the test method is sensitive to 
up and positioning errors. the control system has to be 
nn>nP·rh! tuned in order to a stable transition from 
the uncracked (pre-peak) stage to the cracked 
stage. 

In the tests of a crack was 
UV,,VU>pO<HH"U sometimes the fonnation of a thin 
below the loading In the a band of cracks 
were observed along the crack 
gradually at the edges. 
in the tests are 
that the plain concrete linear 
response with sorne There ís a 

descent in the curve until a COD of about lOO ¡.tm 
after which the load is carried by the broken halves of the 

under compression. The responses of the 
FRCs are similar to that ofHSC-0.0 that this 

is dominated the matrix for low fibers volume-
fractions. The enhancement of the post-peak response due 
to the addition of fibers is quite obvious. After a 

after the peak, both FRCs exhibit 
behavior. At a COD of about 400 ¡.tm, the load 

of HSC-0.0 is reduced to about 50% of the 
maximum while HSC-0.5 carries almost 100% and HSC-
1.0 about 180% of the load. Both FRCs reach a 
second at a COD of about 500 ¡.tm, more than 50 
times their frrst-peak COD and COD of the 
concrete. Tilis shows th<" advantage 
steel fibers in high strength concrete. The average loads and 
CODs at frrst-peak and maximum load are 

in Table 2. Note that the trr:sH)rackJng 
and are 

Table 2. Test results 

Concrc'tc 

HSC-0.0 

HSC-0.5 

HSC-1.0 

6. TOUGHNESS MEASURES 

The toughness of FRC is defined in tenns of 
the load-deflection response of a beam under 
bending. As shown previously by severa! r"""'~'·"h"r" 
procedure leads to erroneous results One approach 
that has been suggested is the use of the load-COD 
behavior of three-point bend single-edge notched beams 

1, 11, 12]. The methodology is extended here to the 
load-COD response under splitting-tension. Two types of 
toughness measures are defmed the work 
Jamet et al. on beams: one is the absolute area of the 
load-COD curve until a certain COD and the other is an 
index derived nonnalizing the area the area 
corresponding to the matríx-dominated response. 

Jamet et al. [ 12] defmed a '"u''"""'"''"' measure, in,,.,¡,.,.c~ 
that ofthe JCI Standard that is the area under the load-
COD curve of a nu·,.,.._..,,,,.,, 

COD limit. This limit is a 
characteristic ~nP•<"n""" dimension. This work extends that 

to the load-COD curve of the 

say, 
vA.cu.u¡JI<O,for d 150 mm and n is the area under 
the curve until a COD value of 300 ¡.tm. The different 
values of for the three concretes are in Table 3. 
Note that the area under the entíre load-COD curve is 
related to the fracture energy of the concrete but its direct 
utilizatíon is not for FRC since it would 

test duratÍOllS and vUAUVl'-'A 

TI1e values ofthe in Table 3 reflect the 
effect ofthe T~ íncreases with an increase in and 
with an increase in the COD limit dln. 

Table 3. 

The of índices such 
recommended in the ASTM Standard C-1 O 1 

are dimensionless measures which 
enhancement the response relative to that of the matrix. 

et al. [ 11, defined similar based 

load-COD response bend fracture "t-"-""'"'"""· 
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Such índices were also used by Jamet et aL [ 12] whose 
work is extended here to the splitting specimen. The fírst 

denoted as T'm, is defíned as the are a under the load
COD cu!Ve until the COD limit of m & e divided by the area 
until the where the COD at frrst-cracking is 
oc and mis a prescribed multiple equal to, say, 5, 1 O or 25. 
The second is a similar index, denoted as TPm, is defmed as 
the area of the load-COD until the COD limit of m&P 

divided the area until the frrst-peak, where the COD at 
fírst-peak is and m ís a prescribed multiple equal to, say, 
5, 1 O or 25. values of these two índices are presented 
ín Table 4. 

Table 4. 

!IF25 

180 

índiceS feflect the ll the uu•vUJ.HY 

addition of fibers, at larger values of m. This 
agrees with the shape of the load-deformation cu!Ves and 
the trends seen for However, fuese índices do not 

llil~;ut,,H between the two FRCs, implying that the 
íncrease in the ductility is proportional to the matrix 
dominated response. 

F or comparing with the results of notched beam tests, 
the data of J amet et al. [ 12] for two of the concretes treated 
here are given in Table 5. The trends are quite similar to 
those seen in Table 4 suggesting that results from tests on 
cylinders can be correlated to those from tests on notched 
beams. 

Table 5. Results of notched beam tests 

Concretes re m "m 

m=5 m=10 m=5 m= lO 

HSC-0.0 5.8 11.4 3.9 4.3 

HSC-0.5 9.4 19.5 6.3 !3.6 

loading areas and by controlling the defonnation across 
the crack plane. 

2. The post-cracking response under splitting-tension is 
used to quantify the toughness of high-strength silica 
fume FRC. Toughness measures that were defmed 
previously on the basis of notched beam tests are 
extended to the split cylinder test. The trends reflect the 
enhancement ofthe ductility dueto the addition of steel 
fibers. The proposed approach seems promising and can 
be developed into a rational fracture based method 
through further study. 
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