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ABSTRACT 
In this research, an experimental study is conducted on masonry units of hollow concrete blocks. 
The blocks were tested under direct tensile tests in two directions, x and y, orthogonal to the 
extrusion-direction. Splitting tests from ASTM-C-1006 were carried out, also in the x and y 
directions. A test procedure was implemented for testing the blocks under the direct tensile test 
with the aim of obtaining a reliable relationship of hollow concrete blocks in tensile stress.  The 
tensile strength of masonry units could be a decisive parameter in masonry behavior when it is 
subjected to certain load conditions. One-hundred fifty blocks from the same lot were tested, taking 
into account compression tests, direct tensile tests, and splitting tests. Either with the splitting or 
direct tensile test, the tensile strength has a significant statistical difference between both directions 
(x and y), verifying the non-isotropy from  of hollow concrete blocks. Results in the x-direction by 
applying the splitting method were significantly smaller than by the direct method, contrary to the 
y-direction. A statistical analysis of parametric and non-parametric hypothesis tests was used to 
determine the significance levels between both test procedures. In addition, a discussion about 
compressive and tensile strength relationships was carried out.  
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INTRODUCTION 
Hollow concrete blocks (HCB) masonry, is well accepted in many countries nowadays. Many 
authors [1-4], currently studied the units like bricks and blocks. Numerical modeling offers a viable 
alternative to physical-experimental modeling, where different solution techniques can be used to 
simulate the linear and non-linear behavior of HCB [1, 3, 5, 6]. Regardless of the implemented 
numerical model, their tensile strength (blocks/bricks) is usually estimated by a unifactorial 
correlation with their compressive strength [1, 3, 5, 6]. The tensile strength of HCB could be a 
decisive parameter in masonry behavior when it is subjected to axial compression (Figure 1, a) or 
lateral loads (Figure 1, b). 

 
Figure 1: Typical cracking in HCB masonry by tensile stress a) prism under axial 

compression, b) wallette under lateral loads 

Previous investigations [7-11] on the tensile strength of masonry units have focused on their 
experimental and theoretical aspects (constitutive models). However, the authors consider that 
there is insufficient research about the tensile testing (direct and indirect) of HCB. 

Tensile strength of fragile materials is a difficult property to measure in direct tensile tests, 
therefore, indirect tensile tests have been used by researchers, such as the splitting test [10, 12], 
bending test (rupture modulus) [13] and recently, tests based in HCB compressive tests with force 
parallel to their bed joints [9] (Figure 2). Several researchers [7-9, 14, 15] have reported the results 
of these testing procedures (direct and indirect) and have discussed their advantages and 
disadvantages for the characterization of the constitutive laws for masonry units and their 
component materials.  

First experimental studies related to direct tensile tests in masonry units were reported by 
McBurney [11] in the early 1900s, later, several researchers [7, 9, 10, 16]  have been reported its 
results from direct tensile tests in bricks. In reference [8], hollow clay blocks were tested by direct 
tensile test, where the authors implemented a testing procedure. The results from the authors [8] 
highlight the dispersion of the masonry units in the structural tensile response . Despite the 



difficulties involved in setting up a direct tensile test of HCB units [8, 10], the test is considered 
the best currently available method to obtain their tensile strength of HCB [8, 17].  

 

Figure 2: Indirect tensile tests of masonry units: (a) splitting test, (b) flexure test and, (c) 
compressive test into the parallel direction to the bed joints 

In this paper, the tensile strength is evaluated in HCB, taking into account a new procedure, based 
on the test procedure from reference [8]. Another goal of this research is to validate the current 
test available from ASTM C-1006-13 for HCB and to evaluate the assumed relationship between 
tensile and compression strength of 10%-15%. 

TEST PROCEDURE  
One-hundred fifty blocks were selected from the same lot randomly (Figure 3). Five series of 30 
HCB were tested: S-1 for the compressive test of HCB; S-2 for the ASTM tensile test, or splitting 
test, in x-direction; S-3 for the splitting test in y-direction; S-4 for the direct tensile test in the x-
direction and; S-5 for the direct tensile test in the y-direction (see Figure 4). The HCB are 
manufactured in the State of Nuevo Leon, Mexico, with a double cell and of cement and aggregate 
up to a size less than 10 mm. Their nominal dimensions are: 397 mm x 197 mm x 147 mm (length 
x height x thickness) and have a net to gross area ratio of about 0.555. The S-1 series was  tested 
to determine HCB compressive stress-strain curves and their maximum compressive strength 
according to standards [18, 19]. The S-2 and S-3 series were tested following the ASTM C-1006-
13 [12]. The S-4 and S-5 series were tested with the procedure presented as follows, based on 
reference [8].  

 

Figure 3: Random selection of HCB within the same block production 



 

Figure 4: Series for testing the blocks 

 

S-5. Direct test in y-
direction 

S-4. Direct test in x-
direction 

S-3. Splitting test in y-
direction 

S-2. Splitting test in x-
direction 

S-1. Compressive test 



Direct tensile test procedure 
The direct tensile tests were divided in two series S-4 and S-5. A different set of supporting steel 
plates (A-36 steel) were created for each direction: a pair of plates with dimensions of 460 mm x 
250 mm x 25.4 mm (length x height x thickness) for S-4 and, for S-5 a pair of 230 mm x 250 mm 
x 25.4 mm (length x height x thickness). Both pairs of plates are hinged with the purpose of 
distributing the tensile force as uniformly as possible, minimizing the bending effects. Other 
advantages of using hinged connections can be found in [8]. The setup for a direct tensile test is 
composed of several steps:  

 Cleaning, leveling, and preparation of the plates  

 Preparation of the epoxy resin 

 Placement of the resin on the bottom plate with a thickness of 6 mm  

 Placement and leveling the block  

 Placing the resin on the top of the block  

 Placement and leveling of the upper plate  

The general arrangement for the S-5 series is presented in Figure 5. The tests were carried out in a 
servo-hydraulic machine (Instron-600DX), by a controlled displacement of 0.0005 mm/sec (0.5 
µm/sec) [7].  

 

Figure 5: Test setup for S-5 series: (a) schematic arrangement, (b). Front view. Where: 1. 
Machine support frame, 2. Upper and lower clamps, 3. Hinged elements for transmitting 

the load, 4. Plates, 5. Specimen, 6. Epoxy resin 

Strains gauges were used to measure the strains in these tests. The Linear Variable Differential 
Transformer (LVDT) transducers capture the displacement of the epoxy resin and this distorts the 
results, so the LVDT were not used in the tests.  



RESULTS AND DISCUSSION 
The experimental results from the S-1 series are shown in Figure 6. From these results, a mean 

compressive strength over the gross area of  ' 16.02 
gCf MPa  was obtained. For both direct and 

splitting tests, the specimens had a brittle mode of failure (Figure 4). The splitting test applied to 

S-2 and S-3 computes the tensile strength  tif  of the specimens by Equation 1[12]. The results of 

the mean values for S-2 and S-3 are shown in Table 1. 

 
Figure 6: Experimental axial compression stress-strain relationships    σ vs ε  of HCB 
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Where: :tif  splitting tensile strength (MPa); :P  maximum applied load indicated by the testing 

machine (N); :L  split length, gross length minus the length of any voids along the failure plane of 
the bearing rods (mm); :H  distance between rods (mm), the height of the HCB. 
 

Table 1: Splitting results for S-2 and S-3 series 

S-2 series 

Specimens  H mm     P kN   L mm   2Sft MPa  

Mean 144.91 68.24 145.38 1.52 

Deviation 0.124 12.174 0.480 0.269 

COV 0.09% 17.84% 0.33% 17.66% 

S-3 series 

Specimens  H mm     P kN   L mm   3Sft MPa  

Mean 144.94 24.13 79.41 0.99 
Deviation 0.237 4.319 6.581 0.189 

COV 0.16% 17.90% 8.29% 19.07% 



Results of the S-4 and S-5 series were obtained by applying the procedure described before, 
(section: Direct tensile test procedure). Figure 7 and 8 illustrate the stress-strain curves for S-4 and 

S-5 series respectively. In addition, Table 2 shows other results: direct tensile force ( DFt ); direct 

tensile strength over the gross area  
iDGft ; direct tensile strength over the net area  

iDNft ; direct 

ultimate tensile strain  , iD U ; direct tensile modulus over the gross area  
iDGEt  and; direct tensile 

modulus over the net area  
iDNEt . 

 

Figure 7: Stress-strain relationships from the S-4 results 

 
Figure 8: Stress-strain relationships from the S-5 results 

 

 

 



Table 2: Direct tensile test results for S-4 and S-5 series 

S-4 series 

Specimen
s 

 
 DFt kN  

 
 

4SDGft MPa
 

 
4SDNft MPa

 

4

6
, 10




SD Uε *

 
 

4SDGEt MPa
 

 
4SDNEt MPa

Mean 21.44 0.74 2.18 70.64 12223.33 35936.60 

Deviation 2.336 0.081 0.237 10.070 1506.919 4430.342 

COV 11% 11% 11% 14% 12% 12% 

S-5 series 

Specimen
s 

 
 DFt kN  

 
 

5SDGft MPa
 

 
5SDNft MPa

 

5

6
, 10




SD Uε *  

 
 

5SDGEt MPa
 

 
5SDNEt MPa

Mean 14.25 0.18 0.96 10.24 24650.47 130483.13 
Deviation 1.907 0.024 0.129 1.089 4573.124 24207.072 

COV 13% 13% 13% 11% 19% 19% 

Statistical analysis 
Statistical analysis was carried out, first for S-2 and S-3 series and later for S-4 and S-5. Normal 
distribution tests, Levene, t-Student, and Mann-Whitney U tests were implemented in SPSS 
software. First, the normality and Levene tests were applied to know and prove normality and 
homogeneity of variance. For splitting tests comparison, S-2 and S-3, the t-student test was used 
due to the sample passing the normality and Levene tests (P > 0.05) (Table 3). However, the t-
student test did not pass the homogeneity of variance (Table 4), evidencing the non-isotropy in the 
HCB mechanical behavior.  

Table 3: Levene test for S-2 and S-3 

Variance hypothesis  
Test of Levene for the Equal Variance Power (1-β err prob)  

F Sig. 
1.000 Equal variances assumed 3.645 P = 0.061 

Equal variances not assumed - - 

Table 4: T-Student test of independent samples for S-2 and S-3 

Variance hypothesis 

T-test for Equal Means 

t df 
Sig. 

(2-tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 
Equal variances assumed 8.728 58 P = 0.000 0.532 0.061 0.410 0.654 

Equal variances not assumed 8.728 51.9 0.000 0.532 0.061 0.409 0.654 

From the Levene test of S-4 and S-5, homogeneity hypotheses for the variance should be rejected 
(P < 0.05) (Table 5). The non-parametric test from Mann-Whitney U was applied to compare both 
samples, and displayed a statistically significant difference in both directions (x and y) (P << 0.05) 
(Table 6). This also shows the non-isotropy in the mechanical behavior of the HCB under direct 
tensile testing. 



Table 5: Levene test for S-4 and S-5 

Variance hypothesis 
Test of Levene for the Equal Variance Power (1-β err prob.)  

F Sig. 
1.000 Equal variance assumed 17.036 P=0.000 

Equal variance not assumed - - 

Table 6: Non-parametric test for S-4 and S-5 

Net 
tensile 

Strength 

Groups N Mean Rank Sum of Ranks Net Tensile Strength 

S-4 30 45.50 1365.00 Mann-Whitney U 0.000 

S-5 30 15.50 465.00 Wilcoxon W 465.00 

Total 60 - - Z -6.654 

 Asymp. Sig. (2-tailed) P=0.000 

For S-2 and S-4 comparison, the t-student test can be applied, however, for S-3 and S-5, the Mann-
Whitney U test was used (Table 7). The results from the hypothesis test (Table 8) showed that for 
the x-direction there is a significant difference (P < 0.05). However, in the y-direction the obtained 
difference by both procedures (S-5 and S-3) is not significant (P >> 0.05). That is, the tensile 

strength obtained by the S-4 (
4

2.18
SDNft

 ) is significantly greater than the one obtained from the 

splitting test, S-2 ( S 2 1.52ft   ) (Table 1 and 2). An explanation for the significant difference 

obtained for S-2 and S-4 is that, in the splitting procedure of S-2, the load is applied over the gross 
area.  

Table 7: Levene test for series comparison 

   
4 2 ;  

 SSDNft ft    
5 3 ; 

 SDN Sft ft  

Variance hypothesis 
Test of Levene for Equal Variances Test of Levene for Equal Variances 

F Sig. F Sig. 
Equal variances assumed 0.225  0.637 6.856 0.011 

Hypothesis tests used Parametric (t-Student) Non-parametric (Mann-Whitney U) 

Table 8: Hypothesis test used for series comparison 

t-student test for S-2 and S-4 (x-direction) Non-parametric test for S-3 and S-5 (y-direction) 

Variance hypothesis t df 
Sig. 

(2-tailed) 
Groups N Net Tensile Strength 

Equal variances assumed 9.81 58 P = 0.000 S-5 30 Mann-Whitney U 434.0 

Equal variances not assumed 9.81 57.1 0.000 S-3 30 Wilcoxon W 899.0 

 
Total 60 Z -0.237 

Asymp. Sig. (2-tailed) P=0.813 

Additionally, the ratio of tensile/compressive strength was calculated (Table 9), where fʹcg and fʹcn 
are the compressive strength over the gross and net area respectively. The t-student test was applied 
for the x and y directions for series S-4 and S-5, over the gross and net area, taking into account a 



pattern value of 10% assumed for many researchers. A ratio of 10% for tensile/compressive 
strength of HCB, usually used by many researchers, had a significant statistical difference (P = 
0.000 < 0.05) related to the experimental quotients obtained in the present study.  

Table 9. Tensile and compressive relationships of the block 

Relationships  

 

4

'
nCf


 
  
 

SDNft
 

 

4

'
gCf


 
 
 
 

SDGft

 

5

'
nCf


 
  
 

SDNft
 

 

5

'
gCf


 
 
 
 

SDGft

Mean 0.075 0.026 0.033 0.011 
Deviation 0.008 0.003 0.005 0.002 

COV 11% 11% 13% 13% 

 

 
1

0.10

0.10

n n i

i

MAE
p

Q

E
n



 
  
 


 

61.08% 29.94% 44.26% 69.04% 

 

Design values
1 2.5 

Mean

COV



0.059 0.020 0.025 0.008 

CONCLUSION 
In this paper an experimental and statistical tensile strength study was carried out, and the 
conclusions are the following. 1) It is confirmed that the HCB have a non-isotropic character under 
tension. 2) The splitting method underestimates the tensile strength in the x-direction, contrary to 
the y-direction, because the procedure in the x-direction is over the gross area and, in the y-
direction over the net area. 3) The tensile/compressive strength relationship of 10% is not 
applicable for the HCB masonry presented in this research. For HCB with compressive strength 
over the gross area (fʹcg = 16.02 MPa) the recommended relationship for design is 5.9% for the x-
direction, while 3.3%, for the y-direction. 4) The HCB units under direct tensile stress in the x and 
y directions present behavior that can be analytically modeled in a linear way until a brittle failure 
occurs. 5) It is confirmed that the most reliable method currently available to determine the tensile 
strength of the hollow concrete block is the direct tensile test, despite the inconveniences that this 
entails. 
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