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ABSTRACT

Integration of Damage Differentials (IDD) method was developed in Faculty of Forest
Industry. It is applicable e.g. for fatigue life computation of bandsaw blade. In this regard,
stress oscillograms were presented. They vary about a comparatively great mean stress: in the
order of the half of the maximum stress. An analogous case in bridge construction is consid-
ered in a Ph.D. thesis developed in Sofia University of Architecture, Civil Engineering and
Geodesy where IDD was adopted. The great mean stress effect is clarified regarding how IDD

takes it into account in contrast to standard methods in the civil engineering.

Key words: fatigue life, integration of damage differentials (IDD), bandsaw blade, bridge, mean stress ef-

fect.

INTRODUCTION

,Integration of Damage Differentials”
is a method for fatigue life assessment de-
veloped in the Faculty of Forest Industry
and defended in a DSc thesis (Stefanov
2011a). This method obtained wide interna-
tional popularity: the web site shown below
at (Stefanov 2011a), where the thesis had
been translated into English, counted over
one thousand visitors. The monograph
(Stefanov 2012) also contributes to the pop-
ularity. It is disseminated by LAMBERT
Academic Publishing. As well, the paper
(Stefanov 2011b), published after four more
ones in Int. J. Fatigue, enhances the popular-
ity.

IDD is a proposed new scientific line
which would re-direct a vast world-wide
research experience, accumulated for nearly
two centuries, into another course. The basic
notion of this experience is loading cycle
and therefore the hitherto existing approach
is called Cycle Counting approach. With
IDD, the basic, general notion is loading
differential, while loading cycle is a particu-
lar notion, and the damage differentials per
the separate loading differentials are inte-

grated (summed). That such differentials are
introduced for fatigue life assessment may
have the same importance which the differ-
entials introduced in the mathematics and
exact sciences generally have: decisive.

However, IDD cannot replace Cycle
Counting so far, since the Cycle Counting
approach lies in all the state standards (so-
called Codes) in the world with regard to
fatigue life assessment. The author was ad-
dressed by specialists from different coun-
tries with the acknowledgement that IDD
provokes necessity of re-considering and
updating the mentioned state standards. But
the specialists also say what is also under-
stood by itself: it would be a tough job. Big
engineering societies should be convinced
and they should reach a consensus in a situa-
tion where their members are usually en-
gaged with the application of the Cycle
Counting approach and have contracts in-
cluding financing for that.

For example, Tim D. Gilman, affiliat-
ed with Structural Integrity Associates,
Inc., San Jose, CA, USA, expert in the pre-
vention and control of structural and me-
chanical failures, wrote to the author, as
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follows. ,,The biggest obstacle to acceptance
of the integral methodology, at least within
my realm, is consensus with the Code com-
mittees (American Society of Mechanical
Engineers committees and their equivalents
abroad). The methodology we use was cut-
ting edge in the 1960s, but regrettably hasn’t
changed much since then. It is very difficult
to gather consensus and move forward.
Thanks again for your work.”

From such a point of view it becomes
understandable that big international pro-
jects initiated by Jan Papuga (see PragTic
Project on http://www.pragtic.com) were not
approved for financing from the EU. The
innovations proposed, including IDD (an-
nounced by Jan Papuga as a ,,revolutionary”
method), were not accepted. The Bulgarian
National Science Fund did not approve, ei-
ther, 2009 and 2010 projects for develop-
ment and establishment of IDD. Those pro-
jects were presented by the author on behalf
of The University of Forestry with addition-
al Bulgarian partnership (of Gabrovo Tech-
nical University) and international collabo-
ration (of specialists from Czech Republic,
Germany, Italy. etc.).

Even internal projects within The Fac-
ulty of Forest Industry were not approved:
,Fatigue of materials and machines in the
forest industry” 2011, and ,,Fatigue of band-
saw blade and other machine components in
the forest industry” 2012. In those projects,
the goal was put to carry out, publish and
herald studies (in continuation of already
existing initial studies), including on the
highest international level, which would
advance The Faculty of Forest Industry as
well-known or leading among the similar
faculties in the world with regard to compe-
tence on the fatigue of materials and ma-
chines in the forest industry, and primarily
on the fatigue of bandsaw blades. The basic
premise for reaching such a goal was asso-

ciated with the fact that the new IDD re-
search line had been developed in Faculty of
Forest Industry for thirty years. However,
one of the reviewers even stated that “insig-
nificant scientific contributions” were pre-
sented (an interesting verdict towards the
IDD background mentioned above).

The author hopes, notwithstanding, that
the new young generation of researchers in
Faculty of Forest Industries would take over
the torch for IDD application and, generally,
for fatigue computation to the machines and
technical equipment in the forest industry.
Following such an idea, the author encour-
aged the presentation of the INNO paper
(Vichev and Koynov 2011), as well as the
collaboration with V. Atanasov (Stefanov
and Atanasov 2014) and (Atanasov 2014).

Anyway, no Ph.D. student in Faculty of
Forest Industry was directed to a subject like
,Fatigue calculation and IDD application in
the forest industry” supervised by Stefanov.
But that is why, the author is satisfied that a
Ph.D. student in Sofia University of Archi-
tecture, Civil Engineering and Geodesy set
IDD application to civil engineering con-
structions as a basic part of her Ph.D. thesis
(Kindova-Petrova 2014). After studying
(Stefanov 2011a, b) and several more IDD
papers, Kindova-Petrova found out that
IDD, unlike standardized methods (Codes)
in the civil engineering, takes into account
the mean-stress effect (comparatively high
mean stress as a mean level of an oscillo-
gram of a variable stress is meant).

Respectively, comparative numerical
analysis of obtained IDD fatigue lives and
EUROCODE fatigue lives was done in
(Kindova-Petrova 2014). Meanwhile, a
computer program called “ODIDU” was
created in MATLAB environment for fa-
tigue life computation under one-component
random loading, including by means of the
IDD approach. As a matter of fact, based on
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MATLAB environment, updating a part of
the IDD software was done in (Kindova-
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Petrova 2014). That part is the ,Integral”
program in (Stefanov 201 1a).
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Figure 1: Oscillograms o(t) with a vertical (a) and a horizontal (b) bandsaw

1. OSCILLOGRAMS HAVING A
COMPARATIVELY GREAT MEAN
STRESS: WITH BANDSAW BLADES
AND A BRIDGE CONSTRUCTION

In Fig. 1a, an appearance of an oscillo-
gram o(t) is shown as a result of the study
carried out in (Stefanov 2013). A vertical
bandsaw UB400 is meant. The oscillogram
applies to a point of the external side of the
blade where the variations of o(t) keep the
same algebraic sign. The maximum stress
Omax Of the oscillogram is formed by sum-
mation of components X/A, oy, and P/A,
where X is the internal tensile force in the
non-cutting branch of the blade, A is the
area of the blade’s cross section, Oy is the
stress of bending the blade onto the semi-
circumferences of the two wheels, and P is
the cutting force component that is longitu-
dinal to the blade. The oscillogram of the
kind of Fig. 1a was introduced for the first
time in (Stefanov 2013) where the statically
indeterminate problem for determination of
X was set and solved. By forming such an

oscillogram the basic premise for fatigue
calculation of a bandsaw blade is set.

In Fig. 1b, an oscillogram with a hori-
zontal bandsaw (“Wirex 1/ZM”) is shown as
calculated in (Atanasov and Stefanov 2014).
It took place in the dissertation (Atanasov
2014). In this oscillogram, apart from the
two big peaks due to the consecutive bend-
ing of the blade onto the
circumferences of the one and the other

semi-

wheel, smaller peaks due to the bending of
the blade onto the blade guides are also
available. Such an oscillogram was also for
the first time presented in the cited papers. It
is specific that oy is significantly greater in
Fig. 1b than in Fig. la due to the smaller
wheel radius with a horizontal bandsaw
comparatively to a vertical one.

If an oscillogram vary in a sinusoidal
way between Opin and Oy, the mean stress
1S Om = (Omin + Omax)/2, and the amplitude is
Oa = (Omax — Omin)/2. However, if the varia-
tions of the oscillogram between Onin and
Omax are more complex like in Fig. la and
Fig. 1b, then the mean level o, of the whole
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oscillogram is not formed by the equation paratively great stress: in the order of the
Om = (Omin T Omax)/2 but in a more compli- half of Omax. Starting from oy, the amplitude
cates way (Stefanov 2011a). Anyway, Fig. 1 0, 1s measured.

clears that oy, of a bandsaw blade is a com-
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Figure 2: Oscillograms of stress S(t) = o(t) in the main beam of the bridge in Fig. 3 caused by trains of
different types while passing in the direction Plovdiv — Parvomay
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In Fig. 2, oscillograms of a stress are
shown after taking them from the disserta-
tion (Kindova-Petrova 2014). They are valid
for different types of trains. The stress is S(t)
= o(t) in the main beam of the bridge in Fig.
3. A series of details about the oscillograms
(Fig. 2) can be seen in the dissertation. Here

it is to notice that these oscillograms also
have a comparatively great mean stress op, =
Sy, which is in the order of the half of Gy, =
Smax- Thus, the problem of how to take into
account the mean-stress effect on the fatigue
life arises in both cases (Fig. 1 and Fig. 2).

Figure 3: Bridge over Chaya river

This problem is one of the toughest
points in the fatigue life science. Many
thousands of papers in the world were de-
voted to it for the last two centuries. All of
them follow the Cycle Counting approach
and refer to how to use a SN line (fatigue
curve), valid for a zero mean stress, also in
the case when the mean stress is not zero. In
other words, how to apply a fatigue curve of
S-N type (amplitude-life where the life is
number of cycles N to fatigue failure), valid
for fully reversed cycle i.e. for s, = 0, also
to a given arbitrary oscillogram which has
Sn # 0. And, since this question cannot find
a single and all-acknowledged solution, the

Codes either avoid it or are in conflict with
one another.

Concretely speaking, the Bulgarian civ-
il engineering standard EH 1993-1-9:2005
needs improvement according to (Kindova-
Petrova 2014). Hence, the interest for appli-
cation of IDD to the civil engineering came
to being. The IDD approach is radically dif-
ferent: any damages per stress cycles are not
searched in advance and schematized (the
two-century Cycle Counting approach is not
followed) but damage differentials are di-
rectly summed on the differentials of stress
variation. Correspondingly, the IDD point of
view for taking into account the mean-stress
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effect is different. This point of view is in-
terpreted for the first time out of (Stefanov
2011a) in the next section.

2. ,HISTORY” AND ,,FUTURE” IN
AN OSCILLOGRAM, MEAN (STATIC)
LEVEL AND CONTINUITY

When cycles are searched instead of
dealing with instantaneous (running, cur-
rent) ordinates of the oscillogram S(t), any
possibility is excluded to determine the cur-
rent (instantaneous) value of the damage
Ds(t) accumulated till the current time t. If
dealing with cycles, then, in order to form a
cycle after t, “viewing/ peeping/ dipping
into the future” is needed to see how the
loading runs after t. And the “future” may
differ, and, thus, different cycles may appear
leading to different results for the fatigue
damage accumulated to t. However, the ma-
terial suffers only one real value of this
damage depending only on the loading his-
tory to the time t. The material “does not
know the future” of the loading after t: the
appearance of the next peak, its level, and so
on. Not the material but the seekers of cy-
cles are who want to know future peak(s)
because they want to complete next cycle(s)
after the last known peak. There is a logical
paradox here: some damage has already
been done but for its evaluation by means of
a Cycle Counting method researchers need
to preliminarily know the next development
of the loading.

IDD is the method able to avoid such a
“paradox of dipping into the future” of the
loading. As a mathematical approach, IDD
allows determination of Dx(t) till the t time,
as well as determination of damage differen-
tial dD per time differentials dt, only based
on the loading history till the t time. This
also means that IDD forms Dg(t) as a con-
tinuous function. In other words, IDD forms
the cumulative damage as a continuous pro-

cess, as it actually is, without inserting sud-
den portions (quanta) of damages from built
cycles.

Nevertheless, the logical paradox con-
sidered, respectively the representation of
the cumulative damage as a process discon-
tinued into portions, does not stop any rele-
vantly applied cycle counting method to
determine fairly well the damage accumu-
lated till the last already known peak of the
oscillogram. However, after conceptual im-
perfection is available, there will be also
irrelevantly applied cycle counting methods
and wrong fatigue life assessments.

The mechanism of memorizing the
loading history and its influence on the cu-
damage remains inscrutable.
Therefore, a preliminary survey of the
whole oscillogram is inevitable in order to
find out the static S, level and compose a
corresponding SN line by accounting Sp.
The necessity of this “dipping in the future
for s,” is a tougher paradox than the one
mentioned above. Methodical complications
occur, as well, if some S, is formed and kept
for some length of time, and later S, is shift-
ed.

Like the Cycle Counting approach, the
present version of the IDD method also
needs a preliminary survey of the whole
oscillogram for determination of S,,. That is,
an ,,0ld* manner is set that implies an “old”
problem. However, this is not a limitation
from the IDD concept: when the Cycle
Counting followers really discover an indis-
putable way to account the influence of a
static stress Sy = Sn(t) being formed to t, that
way will be immediately exploited by IDD,

mulative

as well.

First of all, the introduced damage in-
tensity R = R(S) = dD(s)/ds throws new light
on that Cycle Counting problem: whether
amplitudes S,; should be arranged at one and
the same S, or at different S,; levels. From
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the IDD point of view, if changing the dam-
age per a range (a half-cycle) to another
value per the next range due to changing
Sm.i, then the damage intensity R(S) will dis-
continue. Indeed, during the infinitely small
increase ds of s at the transition from the
previous range to the next one, the intensity
R(s) will go through a finite increase i.e.
discontinuity. However, R(S) implies some
physical damage intensity which should be
mathematically continuous. Actually, the
material “is getting accustomed” to S, of the
whole oscillogram and cannot immediately
react to each shift of S,; from one range to
the next one.

Anyway it is obvious that R(s) will be
influenced by S, and is formed as R =
R(S, sn). This idea can be expanded: the
integrand could include arguments for
“memorizing”, “getting accustomed” and
others. Obviously, the material starts dam-
aging at the beginning of the loading regard-
less of future value of s,,. Later, the material
“remembers” which values of S mostly re-
peat and “gets accustomed” to them. For
example, a “mean stress memory argument”
could be formed from a number of recent
ranges to the current time t. This number
should be enough so that the stress memory
argument would start reflecting the process
of “getting accustomed” to static stress Sy
formed. As well, the same argument should
reflect possible shift of S, and getting out of
the habit for the previous S, followed by
new ‘“‘getting accustomed”, and so on.

Thus, the preliminary survey of the os-
cillogram, as a paradox of needing the load-
ing run after t for calculating damage before
t, would drop out. However, then a special
“initial” SN line would be required which is
originally independent of S, and later is in-
fluenced by the arguments mentioned above.
The “initial” SN line would be that one val-

id for symmetrical cycle: the initial damage

intensity is expected to be the most intensive
and later it decreases in case S, # 0 1is
formed.

Said conclusively, the effect of S, # 0
in the present IDD version is taken into ac-
count by using not a standard fatigue curve
of the kind s,-N for determining the damage
intensity R(S) but a curve of the kind Syax-N
where Snax = Sn T Si. A series of details in
this regard can be seen in (Stefanov 2011a).

3.IDD APPLICATION IN
(KINDOVA-PETROVA 2014)

Using the computer program “ODIDU”
created (Kindova-Petrova
2014), fatigue lives were computed for the
bridge (Fig. 3) according to IDD and EU-
ROCODE 3. In the second case, the ampli-
tudes S,; were transformed to be valid for S,
= 0 what is not logical according to the
above section but remains as a standardized

in the thesis

device of the Cycle Counting approach. As
comparative data in tables in (Kindova-
Petrova 2014) show, IDD predicts lower
lives than EUROCODE 3. The lowering
varies from 19.5 % to 96.9 for the above-
mentioned different types of trains.

In this situation, the dissertation
(Kindova-Petrova 2014) provokes for higher
control of fatigue cracks during inspections
of the bridge.

CONCLUSIONS

In the dissertation (Kindova-Petrova
2014), the IDD method is popularized also
in Bulgaria and is applied to the civil engi-
neering. The IDD advantages are empha-
sized and the accent is mainly put on the
way of taking into account the mean-stress
effect. This accent is the main point of the
present paper, as well. Besides, IDD appli-
cation to the fatigue under multicomponent
stressing (where the IDD strong point is) of
civil engineering constructions is outlined in
(Kindova-Petrova 2014) as one of the future
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developments in the University of Architec-
ture, Civil Engineering and Geodesy.

After such a kind of acknowledgement
of IDD, the author hopes that the possibility
for IDD application to the forest industry
will be better recognized in the Faculty of
Forest industry where IDD was developed.
Generally speaking, the fatigue computation
of bandsaw blades and other machine com-
ponents of woodworking machines (Stefa-
nov et al. 2011, Staneva 2012) should be-
come one of the priority research lines in the
Faculty of Forest industry, and young col-
leagues and resources should be directed to
that line. A lot has already been done in fa-
vor of such computation, although without
financing.
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