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Abstract: The recent extraordinary and shocking earthquake in Japan, revealed several potential problems on the text of the Hellenic 
Technology Standards of concrete reinforcing steel bars (KTX 2008), which is now mandatory for new buildings. More specifically, certain 
requirements and statements of the standard must be clarified and re-evaluated with emphasis on corrosion and fatigue of steel 
reinforcement. The purpose of this paper is the development of a scientific debate and clarification of specific topics. It is mandatory for 
B500c steel to be improved as a product in order to continue to cover the medium and small construction projects. At the same time the 
introduction of steel with stable mechanical properties and high ductility (uniform elongation limit of 12%) for major projects and structures 
of high importance must be discussed and re-evaluated. 
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1. Introduction 
The Hellenic Technology standard for Steel Reinforced 

Concrete of 2008, known also as KTX 2008, has been in validation. 
The whole project is commendable, but there is always a danger of 
a personal excess. In the meantime, from the first posting of the 
draft regulation until the final regulatory text, many labels and 
annotations were not properly addressed. Taking into consideration 
the recent shocking earthquake in Japan, are presented again, 
briefly, some of the concerns and comments that were raised on the 
KTX2008 code, with the intent of initiating an open discussion with 
ultimate goal the upgrading of the regulation and steel code, since it 
is determined that the product B500c, provides opportunities for 
improvement to continue to cover the medium and small projects. 
At the same time they might discuss the introduction of steel with 
stable mechanical properties and high ductility (uniform elongation 
limit of 12%) for major projects and structures of high importance. 

2. Comments and remarks on fatigue matters 
1. The code KTX 2008, concerning steel reinforced concrete, on 

page 18, paragraph 3.2.4 states that for the requirements for 
mechanical fatigue testing: 

“The frequency of load change should be less than or equal to 
200 Hz “.  

Comment: This requirement is indifferent about the size of the 
test cross section and the geometry of the ribs.  It also ignores the 
existence of such a non-certified control center in Greece, at least, 
with a center frequency range of application possibilities for 
example from 100 to 200 Hz. The requirement to test for fatigue 
loading frequency range from 0.1 to 200Hz, to material given to 
vary the mechanical behavior of cross sections up from 8mm to 40 
mm [3] , does not seem easy to convince on its effectiveness. 

Apart from these it is scientifically documented that the 
response of any metallic material (including of the steel 
reinforcement) in cyclic loading from 0.1 to 200Hz is unstable. In 
addition to the assumption made and Annex 10.3 (of the final text) 
in which it is indicated that the frequency affects the fatigue. 
Therefore it is expected a very large deviation of the mechanical 
fatigue testing, even for samples of the same cross sectional area. In 
this sense, the question is raised whether establishing a minimum 
required number of cycles at least 2,000,000 may be sufficient for 
all profiles or each cross section should be certified differently? In 
addition, since the large and small projects are all related to the 
quality and cost, it seems useful to ask who will assume the 
financial costs of certification of all the cross sectional area of steel 

that will be used in scientific centers abroad? And if, after all, 
whether the results can give a convincing answer as to the strength 
of steel during fatigue? And in this case, for which reliability of the 
results can the engineer be responsible for? 

In principle, therefore, it becomes clear that the proposed KTX  
2008 experimental procedure  does  not seem to be able to address 
in a reliable manner the mechanical behavior of steel reinforce 
concrete during fatigue . 

2. The KTX 2008, on page 125, Appendix 10.1 formulating 
requirements for fatigue states that: "For practical engineering 
applications the number of loading cycles required to maintain 
strength of the material is in the order of 2*106 - 10*106. 

Comment: The text at this point appears to contradict itself 
when it requires a large number of cycles such as 2*106 - 10*106 
while elsewhere it indicates that no fatigue occurs frequently in 
construction projects and elsewhere it is stated that it occurs in 
special structures such as bridges. It will be interesting to explain 
how these limits were established, and whether there a scientific 
justification (not just standards) on how to choose these claims. 
Perhaps these requirements were selected based on the response of 
materials over time? 

At least, as a general condition of the experimental treatment of  
fatigue it  should have been a  need for statistical analysis by 
Weibull  M> 12 and therefore the minimum number of cycles 2* 
106 for tensile strength σmax = 300 MP must be the result through 
correlation with to statistical deviation. 

3. The KTX 2008, on page 125, paragraph 10.1 states that:  "In 
cases of low cycle fatigue and very large scale fluctuations trends, 
such as during earthquakes, any potential failure usually occurs 
prior to manifestation of the phenomenon of fatigue. 

Comment: It is overlooked here the fact that fatigue is a 
cumulative phenomenon and unrecognizable by "naked eye" and 
that the true picture of failure can only be obtained through 
fractography.  

4. It is also well known that fatigue is a mechanism of 
cumulative damage. The low cycle fatigue (seismic loading), 
measured by number of loading cycles, essentially gives the history 
of seismic loads that may involve more than one seismic event. In 
these cases, the accumulation of fatigue damage from earthquake 
loading, not only exists but it also works in a cumulative manner 
(additive) and of course against the structural safety. 
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5. The KTX 2008, on page 125, paragraph 10.2 states that the 
fatigue due to fracture suggests that: "In the third stage fracture of 
the rod results due to reduction of the cross-section which is caused 

by the crack propagation and the highest stress field developed at 
the edge of the crack" . 

Comment a. Never the less, the upcoming fracture in the third 
stage does not come from the reduction of cross section, but mainly 
due to the very high stress field at the edge of the crack which may 
lead to velocities greater than those of the speed of sound, which 
explains the reason why the fracture is often accompanied by a 
sound signal.  The smooth surface area of the surface of rupture is 
not caused by successive openings and closings of the crack but by 
the symmetrical development of maximum stresses in the direction 
of  ± 45% at the edge of the crack. 

Comment b. Fatigue is a combined loading condition with 
imposed repetitive mechanical stresses and strain (positive or 
negative) and its consequences in the material are related to the 
original structure of the material, its history, the morphology of the 
free surface and environmental conditions. In general, however, the 
effect of mechanical stress and deformation in the lifetime of the 

material is represented by the Wöhler curves as opposed to 
references to section 3.2.4 page 18 of KTX 2008 regulation. It is 
also known that the reliability of a material in fatigue is related to 

the size of the test section and especially the geometry of its 
surface. In this further clarification is required on whether the size 
of the cross sectional area, the length of the specimen, the existing 
geometry of the ribs and the manufacturer's label (logo) may lead to 
discrepancies in the results of the expected lifetime of the material 
or not. 

6. The KTX 2008 regulation on page 18, paragraph 3.2.4. 
supports  the view that the requirement of resistance of a material is 
at least 2,000,000 cycles at maximum tensile strength of  60% 
(guaranteed) yield point of the material with stress ration  R = 0,50. 

Comment: This view ignores the actual operating conditions of 
the steel reinforcement during the earthquake and selects values of 
stress ratio R = 0.50 meters, away from the possibility of disclosing 
the actual loading of steel in tension and compression.  

Experiments designed to test material fatigue, may be 
performed with R =- 1 since it is accepted that the critical loads of 

 

Fig. 1 Normalisation of acceleration graphs in terms of time [Martin Gardenas – Soto et al  2006] 
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structures during earthquakes, create tensile and compressive loads 
on the reinforcing bars. More realistic conditions, of course, is a 
range of real seismic event since there appears the "Bauschinger 
effect" of the material which reveals the true mechanical behavior 
of the material. By choosing stress ratio values of R = 0,50, the 
important  factor of mechanical performance of the material during 
earthquakes is overlooked.  

The real tensile stress behavior of a structure (or a material) can 
not be calibrated in terms of strength of materials, but with the state 
of its deformation. During a strong earthquake event, of 5 to 50 or 
even 120 sec duration, where the evolution of the vibrations is so 
fast, it is expected that the process of measuring the trend of 
tensions presents a phase difference with the actual deformation, 
while on the other hand the other is clearly influenced by time. 

In this case, the dependence of the stress directly from the time 
required to apply the load is obvious. Instead, only the records (or 
the mechanical tests) that are based on the deformation conditions 
can give real, and therefore acceptable results[2].  

Of course, most reliable measurements can be carried out based 
on real range deflections by seismic events or specific seismic 
events. It is already known that American and Japanese standards 
define that: the mechanical fatigue tests should be conducted under 
conditions of controlled deformation.  

In an attempt to illustrate the large differences in the response of 
the life of steel reinforcement, based in KTX 2008 and the proposed 
way through a range of deformation the following approach took 
place. 

EVALUATION OF ΤΗΕ STRENGTH TO FATIGUE OF 
B500c STEEL UNDER ACTUAL LOADING RANGE. 

Based on accelerograms (from three stations), of the main 
earthquake event of magnitude 5.6 on the Richter scale, in Mexico 
1985 and 20sec duration[8], as shown in Figures 1, 2 and 3, the 
resistance to fatigue B500c through the specialized code Vida 
Analysis, was performed. 

Based on certain characteristics and geometric data structures in 
code Vida namely: the individual properties of the three-phase 
material B500c, geometry F12, the coefficient of concentration (due 
to the ribs) Kt = 1.42 and analysis based on the theories of 
Soderberg, Goodman, Gerber and other interesting results emerged. 

Setting the standard block of Fig. 3 as the maximum normal 
stress 300 MPa (according to KTX 2008), the analysis showed 
failure of the material after 265 blocks. 

Similarly, setting the threshold value as the maximum yield 
point at  500 MP as maximum normal stress  the analysis showed 
failure of the material in less than 4  blocks namely: in other words 
shorter life by 66 times. 

Setting as maximum seismic deformation 10.2 % in the 20 sec 
block, the analysis showed failure of the material at 6.7 blocks. 

For comparison reasons, setting a maximum displacement of 
4.9 % in the same block of 20 sec duration, the analysis showed 
failure of the material in 93 blocks. 

 With time evolution of the same event at 10 sec, at maximum 
displacement of 5.01 %, the analysis showed failure of the material 
in less than 19 blocks or 5 times shorter lifespan. 

From the above analysis it becomes clear that: 

a) The mechanical fatigue test at a frequency of  20 Hz with  
σmax = 300 MPa, has guaranteed lifetime of at least 100000 sec, 
while with application of the same stress at the typical block (Figure 
3) the lifetime will not exceed the 265 blocks * 20 sec = 5300 sec. 

b) The imposition of the maximum value of yield stress of 500 
MPa versus 300 MPa, reduced the life expectancy by 66 times. 

c) Similarly, the duration of each load block seems to have great 
importance in the response of the tested material. From the above 
analysis it has been shown that the change in the duration of each 
block load from 20 sec to 10sec, reduced the lifetime of the material 
by  5 times. It becomes clear therefore that the time evolution of the 
block load is an important factor in material testing. 

These observations are made without any prior discussion and 
whatever already is known about the variability of mechanical 
properties of reinforcing steel from cross section to cross section[3] 
and from producer to producer[1] . 

After all this the question is again rises if we should we 
continue to feel safe that the limit of 2* 106 cycles with a ratio of R 
= 0,50 (σmax =300 MPa and σmin = 150 MPa), a criterion for 
securing major projects under conditions of strong earthquakes? 

The superficial treatment of the subject, by KTX2008 and the 
underestimation of the severity of the control of the strength of steel 
reinforcement in fatigue is shown also by the statement of page 35, 
paragraph 4.5.8 which states that: "In the usual random checks the 
control of fatigue strength is not included". 

 

COMMENTS AND REMARKS ON MATTERS OF 
CORROSION 

Although the practicing civil engineers in general perform their 
duties satisfactorily, very often, the problem of reliability of 
structures is related to the ability of the reinforcing steel to maintain 
the mechanical properties below a potential corrosion. 

6. The KTX 2008, on page 76, paragraph 10.2 by making 
admission requirements of the degree of corrosion on the 
reinforcing steel before using it states: "If the steel surface shows 
deterioration due to corrosion, it should be examined if the amount 
of corrosion products exceeds 300 g/m2. If it exceeds this value 
then the existence of pitting should be investigated". 

Comment a : The proposed control of the critical depth of pitting 

(hcrit = 
( )0 0.125 1d= −

), after verification of the mass loss 
due to corrosion of the steel reinforcement for more than 300 g / 
m2, does not seem credible. Similar also the comment of paragraph 
10.3 referring to the critical depth of pitting. 

It is known that pitting causes stress concentration and precedes 
the general corrosion which records a substantial loss of mass. From 
a simple application symmetrical pit (V-shaped groove) in a bar 
nominal diameter 12mm, depth equal to hcrit = 0.308 mm, the stress 
concentration factor (Kt) is left to depend only on the radius r of the 
depth of the notch.  So for r = 0.1 mm, Kt = 1.71, and for r = 0.01 
mm Kt = 4.65 and for r = 0.001mm Kt = 14.7. Therefore the choice 
of the empirical depth hcrit without the possibility of measuring 
various geometric features of location (near the rib) like the factor r, 
does not seem credible. 

Comment b: From experimental salt spray corrosion tests and 
measurements on steel bars of 12 mm diameter (B500c) showed a 
mass loss in 10 days of 170 g/m2, and respectively for 20 days of 
367.4 g/m2. Simultaneously, the measurement of the maximum pit 
depth in 20 days was 0.240 mm, in 30 days 0.245 mm and in 45 
days 0.267mm.  
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All these values however are below the critical depth of pit = 
0.308 mm. According to the provisions of the regulation, a steel 
reinforcement lot with damage equivalent to 45 (or more) days in 
salt spray may be acceptable! Furthermore, it is known that, 
corroded steel, even at grade less than 300g/m2, present higher rates 
of corrosion than those who have not been corroded at all. 
Therefore, measuring the depth of the pit might not seem capable of 

protecting the engineer and the various users. Without any 
suspensions and spins, the KTX2008 should be reformed by making 
stricter conditions of acceptance, for every product of corroded 
batch. The need for acceptance of lower limits was confirmed also 
by the results of the work [4]. Indeed, the results of this work may be 
helpful in redrafting the relevant issue of the existing paragraph 
construction. 

 
Fig. 2 Typical correlated Strain Amplitude. [Martin Gardenas – Soto et al 2006]. 
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Fig. 3 Typical block graph with stress conditions of 20 sec duration [Martin Gardenas – Soto et al 2006] 
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7. The KTX 2008, on page 17, Table 3-3 refers to the limits of 
the mechanical properties of steel in tension. 

Comment: The evaluation of the mechanical performance of 
steel reinforcement is accomplished by using the quality index Qd 
in which included are the mechanical properties of strength and 
ductility. From the works [2], [5], [1], [6] is now known that the index 
of the quality Qd of steel reinforcement differs significantly from 
cross  section to cross section, from manufacturer to manufacturer , 
and  to the degree of  corrosion. The variability of the mechanical 
performance Qd however, is not taken into account by KTX2008. 

8. The 2008 KTX on page 111 Paragraph 7.4.3 states that: "If 
the process of formation of iron oxides has already progressed, then 
chances are that the effects of oxidation to be visible on the surface 
of the concrete from the rust spots due to swelling ". 

Comment: The results of oxidation of steel reinforcement in the 
old (existing) structures are not always obvious from the typical 
cracks parallel to the reinforcement, the bulges, the ejections of 
concrete and rust spots, mainly due to strong porous concrete of the 
old building s. Indicative are the photographs of Fig.  4. 

9. The KTX2008 on page 111, Paragraph 7.4.3 states that: "It is 
noted that the reduction in cross section by 5% or of the diameter by 
0.50 mm, could lead to intervention." 

Comment: The intervention after reducing the cross section at a 
rate of 5% may be characterized as particularly "late" since it will 
already have caused negative consequences in the structural 
integrity of the steel reinforcement (loss of strength and ductility) 
and the corresponding component of reinforced concrete. It is 
known that the bonding of the steel reinforcement in concrete is 
reduced dramatically (especially after a mass loss of 2% - 3%). 
Also, the reduction of the cross section by 5% represents a loss of 
0.50 mm in diameter only for the 20 mm diameter bars. In bars with 
diameters of 8, 10, 12, and 14 mm the reduction in diameter by 0.5 
mm corresponds to cross section loss of 12%, 9.8%, 8.2% and 7% 
respectively. 

10. The KTX2008 on page 111 Paragraph 7.4.3 states that: 
"When the concrete around the steel is carbonated.............and now 
the (uniform) corrosion of steel is almost certain". Comment: In real 
structures (and particularly coastal), often the type of uniform 
corrosion appears to be "wishful thinking" since by observations 
and measurements in many occasions cases of local corrosion 
appeared with negative results. A characteristic example is shown in 
Fig. 4[7]. 

3. Conclusions 
The above analysis indicates: 

1. Control of the fatigue strength of steel reinforcement can not 
be calibrated in terms of strength (tensions σmax = 300 MPa, σmin 
= 150 MPa). 

2. It is possible to establish mechanical tests of steel 
reinforcement in fatigue, through low cycle fatigue of controlled 

deformation range (R = -1). Of course the most reliable 
measurements of fatigue strength can be made based on conditions 
ranging from limited seismic deformation events. 

3. There is a need for establishing lower limits of acceptance of 
a new batch of corroded steel reinforcing bars. Even low 
percentages of mass loss in the concrete may have significant 
adverse effects on the structural integrity of the steel reinforcing 
bars. Similarly, it is proposed that new much lower than 5% 
acceptance limits are established of the degree of corrosion in of the 
reinforcing bars in concrete prior to intervention. 

4. References 
[1]. Alexopoulos N., C.Apostolopoulos, M.Papadopoulos, S. 

Pantelakis, «Mechanical performance of BStIV grade steel bars 
with regard to the long–term material degradation due to corrosion 
damage» Construction and Building Materials, V21, 2007, p.p. 
1362-1369.  

[2]. Apostolopoulos C., «Mechanical Behavior of Corroded 
Reinforcing Steel Bars S500s tempcore under Low Cycle Fatigue», 
Construction and Building Materials,, V21 November 2007, pp 
1447-1456.  

[3]. Apostolopoulos C., «The influence of corrosion and Cross 
Section Diameter on the Mechanical Properties of B500c Steel», 
Journal of Materials Engineering and Performance, 2009, pp.1-6. 

[4]. Apostolopoulos C, Papadakis E,  Demis S. «Διερεύνηση 
της ανθεκτικότητας των κατασκευών από οπλισμένο σκυρόδεμα 
και της επακόλουθης υποβάθμισης λόγω διάβρωσης από την δράση 
χλωριόντων» 16th Conference of Reinforced Concrete,  Cyprus, 
October 2009. 

[5]. Apostolopoulos C, Aleksopoulos N., Papadopoulos M., 
«Επίδραση της διάβρωσης στην μηχανική συμπεριφορά δομικών 
χαλύβων S500s και S500c», 15th National Conference, TEE, 25-27 
Oct. 2006, Aleksandroupolis pages 553-563. 

[6]. Apostolopoulos C., V.P. Passialis “Use of quality indices in 
comparison of corroded technical steel bars B500c and s500s on 
their mechanical performance basis”, Construction and Building 
Materials, Vol.22 (12), 2008, pp.2325-2334. 

[7]. Apostolopoulos C, «Ιστορικά στοιχεία από την ανέγερση-
βλάβες στη δομή του νέου ναού του Αγίου Ανδρέα Πατρών», 3rd 
National Conference, Protection of Historical Structures, New 
Design Approaches, 9-11 April 2009, Salonika. 

[8]. Martin Gardenas – Soto et al, « Earthquake ground motion 
in Mexico City: An Analysis of data recorded at Roma array» Soil 
Dynamics and Earthquake Engineering, 27, 2007, pp.475-486. 

 

 

 

 

 

 

 

 

 

Fig. 2 Typical correlated Strain Amplitude. [Martin Gardenas – Soto et al 2006]. 
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