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ABSTRACT. The modified disk shaped compact tension test is a configuration 
derived from standard compact tension test that is used for measuring fracture 
mechanical properties of primarily metallic materials. The compact tension 
configuration is commonly used for measurement fracture mechanical 
properties as e.g. fracture toughness, Young’s modulus, work of fracture etc. 
The modified compact tension tests imply significant modifications of the 
specimen morphology in order to avoid premature failure. The modified 
compact tension test is not proper for quasi-brittle materials due to its 
complicated shape (steel-concrete interface), but it is easily extracted from drill 
core and we do not need large amount of material for obtaining fracture 
properties as we need for e.g. three- or four- point bend test. Since it is a new 
test method, a wide range of tests is needed to be done before it can be 
applied. In the paper the selected outputs of the experiments performed on 
normal and high strength concrete will be processed and the values of fracture 
mechanical parameters will be discussed. 
  
KEYWORDS. Concrete; Stress intensity factor; T-stress; Compact tension test; 
Fracture behavior; Fracture mechanics; Constraint. 
 

 

 
 

Citation: Seitl, S., Ríos, J.D., Cifuentes, H. 
Comparison of fracture toughness values of 
normal and high strength concrete determined 
by three point bend and modified disk-shaped 
compact tension specimens, Frattura ed 
Integrità Strutturale, 42 (2017) 56-65. 
 
Received: 31.05.2017  
Accepted: 08.06.2017 
Published: 01.10.2017  
 
Copyright: © 2017 This is an open access 
article under the terms of the CC-BY 4.0, 
which permits unrestricted use, distribution, 
and reproduction in any medium, provided the 
original author and source are credited. 

 

 
 
INTRODUCTION 
 

he assessment of residual life of existing concrete structures has been an attractive topic for the researchers for 
decades. This could be carried out to regularly monitor the health of old/important concrete structures and/or to 
evaluate damaged concrete structures to conserve the structural integrity and for constructional issues i.e. repair and T 
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modification. The importance of rehabilitating the concrete structures has become obvious especially in some regions of 
the world that have been suffering from e.g. earthquakes, flooding, military conflict, terrorist attacks etc. Repairing these 
structures instead of destroying and rebuilding them could save time and finance from the one side and save the nature (do 
not need preparation of new concrete etc.) from the other side. The structural assessment is carried out by evaluating the 
concrete quality indicate by e.g. compressive strength, fracture toughness, fracture energy, Young’s modulus, tensile splitting 
strength, etc. 
For evaluation of all fracture mechanical properties of materials like concrete, standardized methodology is not published 
yet. There are norms: ACI [1] and [8] for compressive strength, [9] for flexural strength of test specimens, tensile splitting 
strength [10], Young’s modulus [7], recommendations for fracture energy determination for three-point-bend (TPB) 
specimen in RILEM [24] and for wedge splitting test (WST) specimen in [18] or tensile strength and fracture toughness [33]. 
In literature we can found that researchers used various geometries for measurement of concrete fracture properties , e.g. 
TPB [13,17], WST [4, 21], the combination of TPB and WST [29-30], disk shaped compact tension [14, 32] and another 
configurations can be found in handbooks e.g. [22, 28]. 
 

 
(a)                                                                                           (b) 

 

Figure 1: Schemes of modified compact tension (a) and three-point bend test (b) with the characteristic dimensions 
 
Widely used testing procedure for measuring the fracture properties of diverse types of materials is a compact tension (CT) 
test see in ASTM Standard E-399 [2], plastics (ASTM Standard D5045-14) or composite materials with limited orthotropy 
[23]. Nevertheless, tests applied to concrete samples have not attained satisfactory results leading to the failure prematurely. 
Wagoner et al. [32] carried out the CT test on concrete specimens and the premature failure was attained in 50% tested 
cases at the pulling load holes. 
Modify compact tension (MCT) test is a different version of CT test to reliably obtain the fracture properties of quasi-brittle 
materials (like the concrete). The specimen morphology is adapted to avoid premature failures during testing procedure. 
The load holes are replaced for two longitudinal steel bars, inserted in the specimen during its casting stage, to avoid 
generation of local fracture at load holes, the geometry of MCT and TPB specimens are shown schematically in Fig. 1.a and 
b, respectively. 
For fracture analysis of a test specimen, the major parameters that characterize the stress and strain fields around the crack 
tip should be known for the test specimen. As MCT test is a very recent methodology of calculus, detailed studies must be 
carried out to deepen on the reliability of the results. In this way, Seitl and Viszlay [26] provided calibration curves 
corresponding to four fracture mechanical parameters (stress intensity factor, KI, T-stress, crack opening displacement, 
COD, and crack mouth opening displacement, CMOD) for cement based materials varying the elasticity modulus (E). So 
significant amount of evaluations is measured by means of finite element model of the MCT test developed for them. The 
results were determined from the aforementioned model for 2D and 3D simulations and discussed the obtained values. 
In this paper, experimental measured data from tests performed by Cifuentes et al. [5, 6] to assess the use of MCT test for 
measuring the fracture energy (GF) on normal-strength concrete (NSC) and high-strength concrete (HSC) will be processed 
and analyzed for various crack length to width ratios and the values of fracture mechanics parameters (KI and T-stress) will 
be evaluated and discussed using the outputs-calibration curves- from previous performed numerical simulations. 
Afterwards, an assessment of all procedures used to calculate fracture parameters will be performed. 
The rest of this paper is organized as follows. Details of experimental campaign, normal and high strength concrete 
mechanical properties and dosages are shown in Section 2. The numerical simulations and related calibration curves 
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accounted on this work to calculate fracture parameters, are presented in Section 3. The values of fracture parameters 
obtained through the empirical and numerical calibration curves are shown and discussed in Section 4. Finally, the 
conclusions of this work are given in Section 5. 
 
 
EXPERIMENTAL CAMPAIGN 
 

he experimental data used to obtain the two fracture parameters, KI and T-stress, by means of calibration curves 
from numerical simulations, presented in next Section, were attained in a previous paper by Cifuentes et al. [5]. That 
paper was focused on the reliability of MCT test for measuring the fracture energy (GF) on normal-strength (NSC) 

and high-strength concrete (HSC) comparing the results with those achieved from three-point bend (TPB) test. The fracture 
parameters will be calculated for the aforementioned normal strength concrete (NSC) and high strength concrete (HSC) 
whose constituents and mix proportions are shown in Tab. 1. 
 

Constituents 
NSC 

Content [kg/m3] 
HSC 

Content [kg/m3] 
Cement 376 500 

Micro-silica - 75 

Coarse aggregate (crushed limestone) <10 mm 580 990 

Sand < 2 mm 739 660 

Limestone powder < 2 mm  192 134 

Water 545 105 

Super-plasticizer  3.0 18.4 

Flow spread (mm) 710 695 

T500 (s) 3.1 3.4 
 

Table 1: Constituents and mix proportions for NSC and HSC. 
 
The specimen geometry for MCT and TPB test are listed in Tab. 2. Three different types of MCT specimens were casted. 
From MCT1 to MCT3, the distance from the load axis to the backside of the specimen, W, measures 112.5 mm. For each 
type, specimens with three different relative notch length, α, (0.1, 0.3 and 0.5) were tested. Regarding TPB test, two type of 
specimens were accounted with a relative notch length, α, of 0.05 and 0.5. All specimens were manufactured for NSC and 
HSC to analyse the influence of testing on two different concrete strengths. 

 

Specimen MCT1 MCT2 MCT3 Specimen TPB1 TPB2 

φcs (mm) 153 153 153 D (mm) 100 100 

φsb (mm) 8 8 8 B (mm) 100 100 

W (mm) 112.5 112.5 112.5 S (mm) 400 400 

B (mm)  60 60 60 L (mm) 440 440 

e (mm) 4 4 4 a0 (mm) 5 50 

Alig (mm2)  6075 4725 3375 Alig (mm2)  9714 5213 
 

Table 2: Dimensions of MCT and TPB specimens experimentally tested. 
 

To determine the mechanical properties of NSC and HSC the following tests were carried out. The compressive strength is 
determined from cube specimens of 100 mm side in accordance with UNE EN 12930-3:2009 [8]. The indirect tensile 
strength is obtained from splitting tests using 100 mm diameter by 200 long cylinders, according to UNE EN 12930-6:2010 
[10]. The Young’s modulus is determined according to UNE EN 12390-13:2014 [7]. The mechanical properties for NSC 

T 
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are the following: an average value on compressive strength of 36.8 ± 2% MPa, splitting tensile strength of 3.8 ± 9% MPa 
and Young’s modulus of 24.4 ± 4% GPa and for HSC, compressive strength of 97.0 ± 3% MPa, splitting tensile strength 
of 5.7 ± 4% MPa and Young’s modulus of 41.3 ±3%, detail see in [5]. 
The experimentally obtained maximum values of load for various notch length are shown in Tab. 3.  

 

Specimen MCT1 MCT2 MCT3 TPB1 TPB2 

 [-] 0.1 0.3 0.5 0.05 0.5 

Pmax, NSC [N] 3667 2956 1168 6329 1987 

Pmax, HSC [N] 7178 3584 2148 9581 3754 
 

Table 3: Crack length ratio for each specimen and experimental values of maximum load on NSC and HSC. 
 
 
CALIBRATION CURVES FOR MCT 
 

or this work are used the results presented by Seitl and Viszlay [26] for MCT tests through 2D and 3D finite element 
model of steel bars and cement based materials. In their contribution, four mechanical fracture parameters (stress 
intensity factor, T-stress, crack opening displacement – COD and crack mouth opening displacement – CMOD) are 

evaluated by means of two finite element models, one of them 2D and the another 3D. All cases (2D and 3D model) were 
carried out for concrete with five various Young’s modulus (E = 5, 20, 25, 60, 100 GPa) and the same Poisson ratio 0.2. 
The material was assumed to be homogeneous, isotropic with linear elastic behavior. The finite element software ANSYS 
was used for numerical analysis. For this paper, the calibration curves for E = 40 GPa were calculated. Obtained calibration 
curves used here for normalized stress intensity factor (B1) and T-stress, as B2, are follows: 
 
For stress intensity factor, KI:  
 

2 3 4 5
1_ 2 ( 25, ) 4.4888 157.35 992.61 2913.2 3845.6 1937.8DB E                 (1) 

 
  2 3 4 5

1_ 2 40,    12.87 314.45 1992.3 5711.8 7387.7 3597.5DB E                (2) 

 
2 3 4 5

1_ 3 ( 25, ) 19.17 437.74 2795.2 7977.5 10259 4936.2DB E                    (3) 
 
For parameter T-stress: 
 

2 3 4
2 _ 2 ( 25, ) 0.352 2.6238 2.2014 9.8235 7.4131DB E                (4) 

 
  2 3 4

2 _ 2 40,    0.2776 1.8433 4.7557 13.039 8.8474DB E               (5) 

 
2 3 4

2 _ 3 ( 25, ) 0.2905 2.2439 2.305 8.4968 6.315DB E                (6) 
 
Evaluation of measured data 
The fracture properties, we focused in the article, are critical values of stress intensity factor and of T-stress. The Eqs. (7) 
and (8) were used to calculate the stress intensity factor and T-stress, respectively, for all cases according [16].  
 

I 1K aB             (7) 

 
2IK B

T
a

            (8) 

F 
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where a is a crack length, B1 and B2 are calibration curves for SIF a T-stress and  is applied stress for TPB, stress is 
calculated through following equation, see [28]: 
 

2

3

2

PS

BD
             (9) 

 

and for CT and MCT specimen is calculated through following equation, see [16]. 
 

P

B W
             (10) 

 
For evaluation of measured data, the calibration functions for TPB and CT specimens are well known and are taken from 
Handbook, e.g. [28], [16].For stress intensity factor and T-stress are follow: 
 
TPB for S/D=4 
 

2 3 4 5
1( ) 0.4487 17.782 156.01 533.83 768.03 400.1B                (11) 

 
2 3 4

2( ) 0.6016 2.2111 2.2529 0.4647 1.7727B                (12) 
 

and for CT 
 

2 3 4 5
1( ) 2.5552 183.27 1544.2 5315.4 7728.2 4060.3B                 (13) 

 
2 3 4

2 ( ) 0.5804 4.1331 18.206 28.239 15.294B               (14) 
 

Note that used geometries of measured TPB and MCT specimens are shown in Tab. 2 and their values of maximum loads, 
Pmax, can be seen in Tab. 3. 
Now, Tab. 4 shows the evaluated data from experimental measurement performed on two kinds of concrete, values of SIF 
and T-stress for each experiment. Evaluation of MCT data for NSC is done by using tree different calibration curves, the 
first one for CT specimen Eqs. (13) and (14), second one for MCT2D Eqs. (1) and (4) and MCT3D Eqs. (3) and (6). 
Evaluation of MCT data for HSC is done by using two different calibration curves, the first one for CT specimen Eqs. (13) 
and (14) and second one for MCT2D Eqs. (2) and (5). 
 

Calibration 
function 

NSC – KI [MPa m1/2] HSC – KI [MPa m1/2] 

α 0.05 0.1 0.3 0.5 0.05 0.1 0.3 0.5 

CT - 0.552 0.826 0.560 - 1.080 1.001 1.031 

MCT2D - 0.705 0.872 0.582 - 1.258 0.910 1.193 

MCT3D - 0.666 0.863 0.582 - - - - 

TPB 0.472 - - 0.664 0.710 - - 1.254 

 NSC – T-stress [MPa] HSC – T-stress [MPa] 

CT - 1.359 0.695 0.715 - 2.660 0.842 1.315 

MCT2D - -0.319 1.170 1.034 - -0.321 1.176 2.185 

MCT3D - -0.181 1.092 1.025 - - - - 

TPB -1.786 - - 0.198 -2.700 - - 0.373 

 

Table 4: Values of stress intensity factor and T-stress versus relative crack length for MCT and TPB specimens made from NSC and 
HSC. MCT values are evaluated for three different calibration curves CT, MCT2D and MCT3D. 
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DISCUSSION 
 

wo mixtures of (Normal and High strength) concrete were evaluated from experimental measurement. The 
experiment was prepared on geometrically different (MCT and TPB) specimens with various initial notch length. 
Results of NSC stress intensity factor, KI, for each type of test and relative crack length, α, are shown in Fig. 2. The 

first row, marked CT, is measured value on modified compact tension specimen but evaluated by using calibration curve 
for CT (geometry similar), that is very easily find in literature e.g. [2, 16, 22]. The CT values are different from MCT2D and 
MCT3D values the application of loads on CT and MCT is not exactly equal and consequently stress-field in the material is 
differently distributed. Therefore, the calibration curves for MCT has to be surely calculated. The values of SIF for MCT2D 
and MCT3D, for each relative crack length, are very similar and we do not need for evaluation relatively demanding 3D 
calculation. Note that the TPB test are recommended by RILEM [24] for obtaining fracture properties, in recommendation 
is written that relative crack length has to be equaled 0.5. Therefore, the obtain values for TPB test is compared with another 
results. 
From literature, the constraint effect is known, especially for metallic materials [19, 20, 25]. Note that for brittle materials, 
depending on the geometry and loading configurations, the T-stress in real engineering components can vary significantly 
under their service conditions, see in contributions published by Ayatollahi et al. [3] or by Zhao [35] and literature review 
by Gupta et al. [12]. 
 

 
 

Figure 2: Stress intensity factor, KI, values for each used procedure and crack length ratio, α, on NSC (E=24.4 GPa). 
 

 
 

Figure 3: T-stress values for each used procedure and crack length ratio, α, on NSC (E=24.4 GPa). 

T 
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In Fig. 3, it can be seen the results of T-stress for each test and relative crack length, α. In this case, there is barely difference 
on MCT2D and MCT3D results, as it occurs for SIF values. The T-stress values are in interval -2 MPa to 2 MPa. 
Similar trends are shown in Fig. 4 and 5 for SIF and T-stress evaluated for HSC. 
The T-stress values of HSC for each analyzed test and different relative crack length is shown in Fig. 5. The necessary stress 
intensity factor values to obtain the T-stress are those correspond to Fig. 4 and previously calculated. The results follow a 
trend like that for NSC, where the main extreme values were achieved for lower relative crack length.  
To analyse the influence of both stress intensity factor and T-stress parameters in the material, it has been plotted these data 
for MCT and TPB tests in Fig. 6. T-stress is dimensionless in Fig. 6.a to obtain a trend without variability of this property. 
Both values are dimensionless to not include the influence of the material in Fig. 6.b.  
In Fig. 7.a and b was performed the same analyses for HSC regarding the relation between SIF and T-stress, previously 
carried out for NSC. As it can be seen, both parameters follow a linear tendency, so when the T-stress is higher the SIF 
increases.  
 

 
 

Figure 4: Maximal values of stress intensity factor, KI, values for each used procedure and crack length ratio, α, on HSC (E=41.3 GPa). 

 

Figure 5: T-stress values for each used procedure and crack length ratio, α, on HSC (E=41.3 GPa). 
 
There is a slight variation among CT, MCT2D and TPB values. The explanation to these differences were given for NSC. 
It is worth noticing the remarkable higher values for HSC compared to NSC results. 
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The tendency line of NSC and HSC, for dimensionless SIF and T-stress, are plotted in Fig. 8. As it can be seen the two 
curves are practically the same, as it can be proved from their linear equation shown in Fig. 8. The coefficient of correlation 
reveal that the data are significantly scattered because they are used to obtain the linear tendency MCT and TPB tests. In 
spite of this, the results show reliable and useful behaviour. The dominant role for evaluation of data is played by geometry 
[35].  
 

 
                   (a)                         (b) 

Figure 6: Tendency curve of evolution of T-stress/ft related to KI on NSC. 

 
The T-stress value for MCT specimen is positive for relative crack length 0.5 and we could recommend this test for obtaining 
fracture toughness from core drill specimen. 
 

    

                   (a)                         (b) 

Figure 7: Tendency curve of evolution of T-stress/ft related to KI on HSC. 

 
Figure 8: Comparison of tendency curve of evolution of T-stress/ft related to KI (dimensionless) on NSC and HSC. 
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CONCLUSIONS 
 

he outputs of the experiments have been processed and the values of fracture mechanics parameters (maximal value 
of stress intensity factor, KIC, and T-stress) have been obtained and discussed using the outputs-calibration curves 
from previous and newly performed numerical simulations. The following conclusions are drawn: 

- Using CT-calibration function leads to not very reliable results compared with calibration functions calculated for 
MCT2D and MCT3D. 

- T-stress results achieved their more extreme values for smaller crack length ratios for any type of test – it is 
recommended to measured data from relative crack length 0.3. 

- For the evaluation of experimentally obtained data, the MCT2D calibration curves can be used instead of MCT3D, 
because the obtained results by both ways provide reliably similar values and it is save the numerical time. 

- Dimensionless SIF and T-stress/ft follow a remarkable linear trend for NSC and HSC and with similar linear 
equations, this leads to the geometrical shape of specimen plays dominant role. 

The MCT specimen can be recommended as a favourite test sample from core drill to obtain information about concrete 
fracture toughness by considering the contribution of T-stress. 
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