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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 



40    STE

MATLA
the IDD

1. O
COMP
STRES
AND A

In 

gram σ
carried 
bandsaw
applies 

blade w
same al

σmax of 

mation 
where X
non-cut

area of 
stress o
circumf
the cutt
dinal to
kind of 
time in 
indeterm
X was s

EFAN STEFA

AB environ
D software 

Figur

OSCILLOG
ARATIVE

SS: WITH B
A BRIDGE 

Fig. 1а, an 

σ(t) is shown
out in (Ste

w UB400 is
to a point o

where the va
lgebraic sig

the oscillo

of compon
X is the int
tting branch

the blade’s
of bending 
ferences of 
ting force c
o the blade
f Fig. 1a wa

(Stefanov 2
minate prob
set and solv

ANOV 

nment, upda
was done

e 1: Oscillogr

GRAMS H
ELY GREA
BANDSAW
CONSTRU
appearance

n as a resu
efanov 201
s meant. Th
of the exter

ariations of
gn. The ma

ogram is fo

nents X/A, 
ternal tensil
h of the bl

s cross sect
the blade o
the two wh

component t
. The oscil
as introduce
2013) wher
blem for de
ved. By for

ating a part
 in (Kindo

rams σ(t) wit

HAVING A 
AT MEAN 
W BLADES
UCTION 
e of an osci

ult of the stu
13). A vert
he oscillogr
rnal side of 

f σ(t) keep 
aximum str

rmed by su

σbe and P
le force in 
lade, A is 

tion, σbe is 
onto the se
heels, and P
that is long
llogram of 
ed for the f
re the statica
etermination
rming such

t of 
ova-

Pet
pro

th a vertical (

A 

S 

illo-

udy 
tical 
ram 

f the 

the 
ress 

um-

P/A, 
the 
the 

the 
emi-
P is 

gitu-
the 

first 
ally 
n of 
h an 

osc
cal

zon
cal
It t
20
two
ing
circ
wh
the
ava
the

is s
Fig
wh
com

wa

is σ
σa

tion

σm

Fig

trova 2014)
ogram in (St

а) and a hori

cillogram th
lculation of 

In Fig. 1b
ntal bandsaw
lculated in (
took place 
14). In this
o big peaks
g of the
cumference

heel, smalle
e blade ont
ailable. Suc
e first time p

specific tha
g. 1b than 
heel radius 
mparatively

If an osc

ay between 

σm = (σmin +

= (σmax – σ
ns of the o

max are more

g. 1b, then t

). That par
tefanov 201

izontal (b) ba

he basic p
a bandsaw 
b, an oscill
w (“Wirex 1
(Atanasov a
in the diss

s oscillogra
s due to the
e blade 
es of the o
r peaks due
to the blad

ch an oscillo
presented in

t σbe is sign
in Fig. 1a 

with a h
y to a vertica
cillogram va

σmin and σm

+ σmax)/2, a

σmin)/2. How

oscillogram

e complex l

the mean lev

rt is the „I
11a). 

andsaw 

premise for
blade is set

logram with
1/ZM”) is s
and Stefano
sertation (A
am, apart f
e consecutiv

onto the 
one and th
e to the ben
de guides 
ogram was 

n the cited p

nificantly g
due to the

horizontal b
al one. 
ary in a si

σmax, the mea

and the amp

wever, if th

m between σ
like in Fig

vel σm of th

Integral” 

 

r fatigue 
t. 
h a hori-
shown as 
v 2014). 

Atanasov 
from the 
ve bend-

semi-
he other 
nding of 
are also 
also for 

papers. It 

greater in 
 smaller 
bandsaw 

nusoidal 

an stress 

plitude is 

he varia-

σmin and 

. 1a and 

he whole 



oscillog

σm = (σ
cates wa

clears th

Figure

INTE

gram is not

σmin + σmax)
ay (Stefano

hat σm of a 

e 2: Oscillogr
d

EGRATION 

t formed by

)/2 but in a
ov 2011a). A

bandsaw b

rams of stress
different type

OF DAMAG

y the equat

a more com
Anyway, Fig

blade is a co

s s(t) ≡ σ(t) in
es while passi

GE DIFFERE

tion 

mpli-
g. 1 

om-

par

hal

σa

n the main be
ing in the dir

ENTIALS: AP

ratively gre

lf of σmax. S

is measured

am of the bri
ection Plovdi

PPLICATIO

eat stress: i

Starting from

d. 

idge in Fig. 3 
iv – Parvoma

ON FROM TH

in the orde

m σm, the am

 caused by tr
ay 

HE …   41 

er of the 

mplitude 

 
rains of 



42    STE

In 
shown 
tion (Ki
for diffe

≡ σ(t) in
3. A ser
(Fig. 2) 

Thi
points 
thousan
voted to
them fo
and refe
curve), 
the case
other w
sa-N typ
number 
for fully
to a giv

sm ≠ 0. 
a single

EFAN STEFA

Fig. 2, osc
after taking
indova-Petr
erent types 

n the main b
ries of deta
can be seen

is problem
in the fati

nds of pape
o it for the 
ollow the C
er to how t
valid for a 

e when the m
words, how t

pe (amplitu
r of cycles N
y reversed 
ven arbitrar

And, since
e and all-ac

ANOV 

cillograms o
g them from
rova 2014). 
of trains. Th

beam of the
ils about th
n in the dis

m is one of
igue life s

ers in the w
last two ce

Cycle Coun
to use a S-N
zero mean

mean stress
to apply a fa
ude-life wh
N to fatigue
cycle i.e. fo
ry oscillogr

 this questi
cknowledge

of a stress 
m the disse
They are va
he stress is 

e bridge in F
he oscillogra
sertation. H

Figure 3: B

f the tough
science. M
world were 
enturies. Al
nting appro
N line (fati

n stress, also
s is not zero
atigue curve

here the life
e failure), va
or sm = 0, a
ram which 

on cannot f
d solution, 

are 
erta-
alid 
s(t) 

Fig. 
ams 

Here 

it i

hav

sm

sma

acc
life

Bridge over C

hest 
Many 

de-
l of 

oach 
igue 
o in 
o. In 
e of 
e is 
alid 
also 
has 

find 
the 

Co
one

il e
nee
Pet
cat
to b
fer
sea
two
fol
rec
var
vie

is to notice

ve a compar

which is in

ax. Thus, the
count the m
e arises in b

Chaya river 

odes either a
e another. 

Concretel
engineering
eds improve
trova 2014)
tion of IDD
being. The 
ent: any dam

arched in a
o-century C
lowed) but

ctly summed
riation. Corr
ew for takin

e that these

ratively gre

the order o
e problem o

mean-stress e
oth cases (F

 

avoid it or 

ly speaking
g standard 
ement acco
). Hence, th

D to the civi
IDD approa
mages per s

advance and
Cycle Count
t damage d
d on the di
respondingl

ng into acco

e oscillogra

eat mean str

of the half o
of how to t
effect on the
Fig. 1 and F

are in conf

g, the Bulga
ЕН 1993-1

ording to (K
he interest fo
il engineerin
ach is radic
stress cycle
d schematiz
ting approac
differentials
ifferentials 
ly, the IDD

ount the mea

ams also 

ess σm ≡ 

of σmax ≡ 
take into 
e fatigue 

Fig. 2). 

flict with 

rian civ-
1-9:2005 
Kindova-
for appli-
ng came 

cally dif-
s are not 
zed (the 
ch is not 

s are di-
of stress 
point of 

an-stress 



INTEGRATION OF DAMAGE DIFFERENTIALS: APPLICATION FROM THE …   43 

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 

DΣ(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 DΣ(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 DΣ(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-
mulative damage remains inscrutable. 
Therefore, a preliminary survey of the 
whole oscillogram is inevitable in order to 
find out the static sm level and compose a 
corresponding S-N line by accounting sm. 
The necessity of this “dipping in the future 
for sm” is a tougher paradox than the one 
mentioned above. Methodical complications 
occur, as well, if some sm is formed and kept 
for some length of time, and later sm 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 sm. That is, 
an „old“ 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 sm = sm(t) being formed to t, that 
way will be immediately exploited by IDD, 
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 sa,i should be arranged at one and 
the same sm or at different sm,i levels. From 



44    STEFAN STEFANOV 

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 sm of the 
whole oscillogram and cannot immediately 
react to each shift of sm,i from one range to 
the next one. 

Anyway it is obvious that R(s) will be 
influenced by sm and is formed as R = 
R(s, sm). 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 sm. 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 sm 
formed. As well, the same argument should 
reflect possible shift of sm and getting out of 
the habit for the previous sm, 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” S-N line would be required which is 
originally independent of sm and later is in-
fluenced by the arguments mentioned above. 
The “initial” S-N 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 sm ≠ 0 is 
formed. 

Said conclusively, the effect of sm ≠ 0 
in the present IDD version is taken into ac-
count by using not a standard fatigue curve 
of the kind sa-N for determining the damage 
intensity R(s) but a curve of the kind smax-N 
where smax = sm + sa. 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 in the thesis (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 sa,i were transformed to be valid for sm 
= 0 what is not logical according to the 
above section but remains as a standardized 
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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