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OF THE EFFECT OF NONMECHANICAL SERVICE 

CONDITIONS ON THE DEGENERATION AND FATIGUE 
STRENGTH OF SELECTED CONCRETES 

Tomasz GORZELA CZYK, Jerzy HO A
Institute of Building Engineering, Wroc aw University of Technology 

Abstract

The paper presents the re ults of acoustic emission investigations into the degradation of two self-
compacted concretes damp to a different degree and two ordinary concretes fouled with mineral oil. 
The levels of crack initiation stress 

s

i and critical stress cr were determined. The test results were
used to calculate the fatigue strength of the concretes. It was shown that the nonmechanical service 
conditions have an effect on the stress failure of the concretes and on their fatigue strength. 
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1. Introduction 

Structures made of concrete are subject not only to different loads, but also to various 
nonmechanical service factors such as damp and oil fouling [1-3]. Therefore the question 
arises: what effect do the above factors have on the degradation of concrete. The answer can 
be both illuminating and useful for predicting the behaviour of concrete under cyclic loads, 
particularly in structures such as bridge deck slabs, industrial floors, concrete carriageways 
and machine foundations. It seems to be worthwhile to investigate the degradation of such 
concretes to determine the levels of crack initiation stress i and critical stress cr which de-
marcate the different stages in this process and then to calculate the fatigue strength. It should 
be noted that the proof of the dependence between the fatigue strength of concrete and the 
levels of crack initiation stress i and critical stress cr can be found in the literature on the 
subject [4]. 

Considering the above, the degradation of two self-compacted concretes damp to a differ-
ent degree and two ordinary concretes fouled with mineral oil was investigated by the acous-
tic emission method. The results were used to calculate the fatigue strength of the tested con-
cretes.

2. Description of tests 

Two concrete self-compacting concrete mixes (denoted by the letters A and B) differing in 
their aggregate grading were designed to investigate the effect of damp on the degradation of 
concrete. The compositions of the concrete mixes are presented in table 1. The maximum ag-
gregate size was 16 mm and 8 mm in respectively mix A and B. The compositions of the 
mixes had been experimentally determined using the recommendations given in [2,5,6]. 
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Two ordinary concretes (denoted by the letters D and F) differing in their round aggregate 
grading were selected to investigate the effect of oil fouling on the degradation of concrete 
[7]. The maximum aggregate size in the mixes was 20 mm. The compositions of the concrete
mixes are shown in table 1. 

The concrete samples made from the designed mixes were divided into series: 
- series As and Bs samples were kept in a climatic chamber at an air temperature of +18 C

( 1 C) and an air relative humidity of 95% ( 5%) for 86 days and then dried at a tempera-
ture of 105 C to a constant weight (dry condition), 

- series Ak and Bk samples were kept in a climatic chamber at an air temperature of +18 C
( 1 C) and an air relative humidity of 95% ( 5%) for 90 days (maximum sorptive humid-
ity condition),

- series Aw and Bw samples were kept in a climatic chamber at an air temperature of +18 C
( 1 C) and an air relative humidity of 95% ( 5%) for 86 days and then they were fully 
saturated with water, 

- series DL and FL samples (the reference samples) were kept in a climatic chamber at an
air temperature of +18 C ( 1 C) and an air relative humidity of 95% ( 5%) for 28 days 
and then in a laboratory at an air temperature of +18 C ( 3 C) and an air relative humidity
of 65% for up to 90 days,

- series DO and FO samples were kept in a climatic chamber at an air temperature of +18 C
( 1 C) and an air relative humidity of 95% ( 5%) and then in a laboratory at an air tem-
perature of +18 C ( 3 C) and an air relative humidity of 65% for up to 90 days. Subse-
quently, the specimens were subjected to fouling with mineral oil Lux10 (commonly used 
in the machine-building industry). Oil fouling was done as follows. The samples were 
dried at a temperature of 105 C to a constant weight and then in a cuvette with oil were 
placed in a partial vacuum chamber inside which the air temperature was 50 C. In the 
chamber the samples resided under air pressure reduced to 0.006 MPa for about 24 h.
During this time the oil level in the cuvette was successively increased. Then the oil-
fouled samples were transferred to a laboratory and placed in a vessel with oil in which
they resided until test time, i.e. for about 270 days.

Table 1. Compositions of designed concrete mixes and average compressive strengths fcm for 
concretes made of the mixes. 

Compositions of concrete mixes [kg/m3]
Concrete
mix sym-

bol Coarse
aggregate

Sand Cement
Fly
ash

Water Superplasticizer

Water-
cement ratio

PC

W

Sand
content

[%]

Average com-
pressive

strength fcm
after 90 days of 
curing [MPa]

A 1064 581 355 143 164 4.18 0.34 35.3 59.22

B 896 747 325 109 195 4.25 0.45 45.5 41.82

D 1185 711 321 - 179 - 0.55 37.5 42.30

F 697 1045 350 - 194 - 0.55 60.0 41.90

The degradation process was investigated during the temporary compression of the con-
crete samples and the recorded acoustic emission descriptors were (among others) events rate 
Nev and counts sum N. The descriptors were used to determine the levels of crack initiation 
stress i and critical stress cr, in accordance with the criteria defined in [7,8].
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3. Test results and their analysis

In order to demonstrate the effect of damp on the degradation of concrete, the Ak, As, Aw

and Bk, Bs, Bw series samples made of concretes A and B (characterized by a different degree 
of dampness at the time of testing) were subjected to the axial compression test and investi-
gated by the acoustic emission method.

Figures 1 and 2 show acoustic emission events rate Nev  versus compression time for the 
tested concrete series and also diagrams of relative compressive stress c/fc versus failure time
t, with marked levels of crack initiation stress i and critical stress cr, determined in accor-
dance with the criteria given in [8]. 

The tests showed that moisture in self-compacted concrete significantly affects the level 
of crack initiation stress i. The effect of damp is particularly evident in the case of the con-
crete fully saturated with water. As regards stress cr, full saturation of the concrete with wa-
ter resulted in only slight increase in this stress. It was also found that drying up the concrete 
has a similar effect on the levels of initiation and critical stress as saturating the concrete with
water.

In order to demonstrate the effect of oil fouling on concrete degradation, the samples 
made of concrete DL, DO, FL and FO were tested. 

Figures 3 and 4 show diagrams of AE counts sum versus relative compressive stress c/fc

for the tested concrete series DL, DO, FL and FO, with marked levels of crack initiation stress
i and critical stress cr, determined in accordance with the criteria given in [7]. 

b)a)

c)

Fig. 1. Recording of AE events rate Nev during failure of concrete: a) As, b) Ak, c) Aw,
with diagram of relative value of compressive stress c/fc versus time
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b)a)

c)

Fig. 2. Recording of AE events rate Nev during failure of concrete: a) Bs, b) Bk, c) Bw,
with diagram of relative value of compressive stress c/fc versus time

The results presented in figures 3 and 4 show that fouling the concrete with oil affects
both the level of initiation stress i and that of critical stress cr. The level of stress i went 
down in all the tested series of oil-fouled concretes relative to the level of this stress in the
unfouled reference series concretes. A similar trend was observed for critical stress cr: a re-
sult of fouling the concretes with oil the level of this stress also went down. 
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Fig. 4. AE counts increment rate versus relative stress value increment
for concrete FL and FO [7]

The relative and absolute values of crack initiation stress i and critical stress cr for all 
the tested concretes are shown in table 2.

Table 2. Relative and absolute value  of crack initiation str s  and critical stresss es i cr in 
tested concretes, determined by acoustic emission method.

Stress level values

i crConcrete series symbol

[-] MPa [-] MPa

As 031 1836 091 5391
Ak 038 2251 092 5450
Aw 026 1481 093 5297
Bs 030 1195 087 3465
Bk 032 1275 090 3585
Bw 029 961 091 3015
DL 045 1903 080 3384
DO 040 1772 075 3322
FL 050 2095 080 3352
FO 040 1756 076 3336

The tests showed that both damp and fouling with mineral oil affect the stress failure of 
concrete. The test results were used to calculate the fatigue strength of the concretes. 

4. Calculation of fatigue strength of tested concretes 

According to [4], the levels of crack initiating stress i and critical stress cr in concrete
have a bearing on the life and operational safety of the structures made of the concrete which
are subjected to dynamic loads. 

On the basis of [4] and experimentally determined levels of crack initiating stress i and 
critical stress cr the following relation for calculating the fatigue strength of self-compacting
concrete under compression was adopted: 
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f
fA

c
f

c CNBCNff log1 ,     (1) 

where:
C – a ratio of dynamic to static strength at a one-time load (in accordance with [4], it was 

assumed to be equal to 1.16), 
f – a stress ratio, 

min
c – a minimum cycle stress, 
max
c – a maximum cycle stress, 

Cf – a coefficient expressing the effect of the frequency of load changes on fatigue
strength,

A, B – coefficients representing concrete structure condition through their dependence on 
stress i and cr.

Stress ratio f is expressed as: 
maxmin
cc

f , (2)

Coefficient Cf can be expressed as: 

fC f
f log107.01 , (3)

where f is a load change frequency [Hz] and coefficients A and B can be calculated from rela-
tions (4) and (5) 

ci fA log118.0008.0 , (4)

1118.0 icrB . (5)

Figures 5 and 6 show fatigue strength versus number of load cycles for the tested self-
compacted concretes. The fatigue strength was calculated using the values of the stress i and

cr levels presented in table 2. Similar diagrams for the tested ordinary DO and FO series 
concretes fouled with oil against those of the reference concretes of series DL and F are 
shown in figs 7 and 8. The calculations were done assuming stress ratio f = 0 and load 
change frequency f  = 1 Hz. 
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Fig. 5. Calculated fatigue strength of concretes As, Ak and Aw

versus stres  cycles at  = 0 and f = 1 Hz. s f
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Fig. 6. Calculated fatigue strength of concretes Bs, Bk and Bw
fversus stres  cycles at  = 0 and f = 1 Hz. s
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Fig. 7. Calculated fatigue strength of concretes DL and DO
versus stres  cycles at  = 0 and f = 1 Hz. s f
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Fig. 8. Calculated fatigue strength of concretes FL and FO
versus stres  cycles at  = 0 and f = 1 Hz. s f
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It is apparent from figures 5-8 that damp and fouling concrete with oil have a significant 
effect on its fatigue strength. As a result of drying up, damp and oil fouling this strength sig-
nificantly decreases, which was observed for all the tested concretes. This has significant im-
plications for building practice. For example, a bridge deck slab may be damaged when its 
water insulation is broken and the slab’s self-compacted concrete becomes strongly damp as a 
result. In the case of ordinary concrete this may happen to, for example, a concrete foundation 
under an industrial machine from which mineral oil has been leaking and fouling the concrete 
for a longer period of time. 

5. Conclusion

The acoustic emission tests showed that nonmechanical service factors may contribute to 
degradation of concrete under compressive load. Drying up, damp and oil fouling resulted in 
lower experimental values of crack initiation stress i and critical stress cr.

The analyses showed that the tested concretes markedly differed in their fatigue strength 
calculated on the basis of the determined levels of stress i and cr. The normally ageing con-
cretes were characterized by higher strength than the concretes fully saturated with water or 
the dried up ones. Also the unfouled concretes showed higher strength in comparison with the 
ones fouled with mineral oil. This means that damp or oil-fouled structural concrete elements 
may fail after a fewer number of stress cycles. 

References 

1. Okamura H., Ouchi M.: Self-Compacting Concrete. Journal of Advanced Concrete Tech-
nology, Vol. 1, No. 1, April 2003, Japan Concrete Institute, 2003, 5-15. 

2. Domone P. L.: Self-compacting concrete: An analysis of 11 years of case studies Vitt, G.:
Crack control with combined reinforcement: From theory into practice, Concrete Engi-
neering International, Cement and Concrete Composites, Vol. 28, No. 2, 2006, 197-208. 

3. Ho a J.: Experimentally determined effects of technological and service factors on stress-
induced destruction of concrete under compression. Engineering Transactions, Vol. 50, 
No. 4, 2002, 251-265. 

4. Furtak K.: Load capacity of normal cross-section of bent reinforced concrete elements 
subjected of the changing load concerning bridges in particular. [in Polish]. Scientific Pa-
pers of Cracow Polytechnic, No. 4, 1985. 

5. Li L., Hwang C.: The mixture proportion and property of SCC. Proceeding PRO33 – 3rd

International RILEM Symposium: Self-Compacting Concrete. RILEM Publications 
S.A.R.L., 2003, 525-529. 

6. The European Guidelines for Self-Compacting Concrete. Specification, Production and 
Use. EFNARC The European Federation of Specialist Construction Chemicals and Con-
crete Systems, May 2005. Available from internet: http://www.efnarc.org/pdf/ SCCGui-
delinesMay2005.pdf

7. Ho a J.: Initiating and critical stresses and stress failure in concrete under compression [in 
Polish]. Scientific Papers of Institute of Building Engineering at Wroc aw University of 
Technology No. 76, Monograph Series No. 33, Wroc aw University of Technology Pub-
lishing House, Wroc aw, 2000. 

8. Gorzela czyk T.: The assessment of the failure of self-compacting concretes by acoustic 
techniques. [In Polish]. PhD dissertation, Reports of Institute of Building Engineering, 
Wroc aw University of Technology, Ser. PRE nr 9, Wroc aw, 2007.


