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ABSTRACT 
A method for direct tensile tests on cylindrical concrete cores from existing structures was 
developed at Luleå University of Technology and the method was tested on concrete from a 55 
year old bridge from northern Sweden. The tests showed that the tensile strength of the concrete 
could be upgraded to a higher value. 
 
Key words: Aging, Structural Design, Sustainability, Testing. 
 
1. INTRODUCTION 
 
1.1 General 
The tensile strength of concrete is a critical parameter for the behaviour of concrete structures. It 
affects factors such as the cracking, and the anchorage and bond of reinforcement bars are highly 
influenced by the concrete’s tensile strength. However, there are no common standards when it 
comes to determining the tensile concrete properties of existing structures due to the difficulties 
associated with testing the tensile strength. Most concrete codes use only a simple formula to 



derive the tensile strength from the standard compression strength, which is not a very accurate 
method when it comes to old existing structures.  
 
Several researchers have attempted to use different types of tests such as the direct tensile method, 
the indirect tensile method (splitting) or the flexural testing method to investigate the properties 
of concrete under tension. However, some researchers have indicated that the direct tensile testing 
method provides more reliable and rational uniaxial tensile strength of concrete compared to the 
splitting tensile and flexural testing methods [1-3]. 
 
The tensile strength of various concrete grades, at an age of 28 days, can be estimated according 
to table 3.1 of Eurocode 2 [4]. According to this table, the mean value of concrete tensile 
strength varies from 1.6 to 6.0 MPa for the concrete grades in the range of C12/15 to C90/105. 
The mean tensile strength of concrete can also be estimated by the following expression: 
 

2
3 50 / 60

2.12 ln 1 50 / 60

0

0

.30

1

≤

 ⋅ + +




=
>










ck

ctm cm

f
f

for C

for Cf       (1) 

 
Where fctm is the mean uniaxial tensile strength of concrete [MPa], and fck is the concrete 
characteristic cylinder compressive strength which, according to Eurocode 2, can be determined 
from the equation below. 
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A method for direct tensile tests on cylindrical concrete cores from existing structures was 
developed at Luleå University of Technology and the method was tested on concrete from a 55 
year old bridge from northern Sweden. 
 
2 METHOD 
 
A method for direct tensile tests of concrete cylinders was developed. The core cylinders taken 
from the existing bridge had a height of 100 mm and a diameter around 100 mm. A 3 mm thick 
and 15 mm deep notch was created at mid height to induce cracking in this specific section and 
to obtain an Ø70 mm cross section, see Figure 1. Crack opening displacement (COD) sensors 
were installed on four sides of the sample according to Figure 1. 
 
To fix the test specimen in the test rig and apply the uniaxial tensile load uniformly on concrete 
cylinders, two flat steel plates are glued to the top and bottom bases of the cylinders. Before 
gluing, the top and bottom bases of the testing cylinders, as well as the surface of steel plates, 
were cleaned with isopropanol and acetone. The steel plates were glued to concrete cylinders 
using a two-component epoxy adhesive. 
 
To obtain the tension softening branch of material, the uniaxial loading tests were mainly 
displacement-controlled at rates between 0.001 and 0.01 mm/min at different stages of the 
loading. 
 



 
Figure 1 – Left: Test set up and loading arrangement. Mid: Concrete cylinder mounted inside the 
test rig. Right: Installation of CODs. 
 
 
3 RESULTS 
 
A typical stress-displacement curve from the testing of concrete from a 55 year old bridge is 
shown in Figure 2. 
 

 
Figure 2 – Left: Tensile stress vs. crack opening displacement curves for the concrete cores drilled from 
slabs. Right: Typical failure of a test specimen. 

 
The estimated and measured values of concrete uniaxial tensile and compressive strength, elastic 
modulus, and fracture energy for the old concrete from the 55 year old bridge are presented in 
Table 1. As seen in Table 1, both the compressive strength and tensile strength are underestimated 
if the code values are used. Testing of the actual concrete strength therefore has the potential of 
increasing the load capacity of existing concrete structures and prolong the service life of several 
bridges around the world. A higher concrete strength and service life would reduce the cost for 
the bridge owners, as well as reduce the use of resources, contributing to a more sustainable 
society. 
 
  



Table 1 – Measured and estimated values of concrete properties 

  Estimated values Measured values 

Structural 
element 

Concrete 
class 

fcm,es 
[MPa] 

Ecm,es 
[GPa] 

fctm,es 
[MPa] 

Gf,es 
[N/m] 

fcm 
[MPa] 

Ecm 
[GPa] 

fctm 
[MPa] 

Gf 
[N/m] 

Column K300 30 30.6 2.4 134.6 61.8 32.4 2.7 155.3 
Girder K400 40 33.3 3.0 141.8 56.4 31.2 3.3 166.4 
Slab K400 30 30.6 2.4 134.6 71.6 33.3 3.7 152.1 
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