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� This work investigates the fatigue strength of self compacting rubberized concrete.
� The addition of shredded rubber and steel fibers to SCC improves fatigue strength.
� Probabilistic analysis of the fatigue data modeled by Weibull distribution.
� Weibull distribution parameters and fatigue equation of S–N curves were obtained.
� This would be useful for the rational fatigue design of SCRC and SFRSCRC structures.
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a b s t r a c t

This paper investigates the flexural fatigue behavior of Self Compacting Rubberized Concrete (SCRC) with
and without steel fibers. The variables included in this study were different values of replacement of fine
aggregate by shredded rubber, viz. 15% and 20% and volume fraction of steel fibers, viz. 0.5% and 0.75%. A
total of 60 prism specimens were tested under fatigue loading considering maximum stress levels rang-
ing from 90% to 60% of the static strength. The results show significant improvement of 15% and 25% in
the fatigue performance of SCRC and Steel Fiber Reinforced SCRC (SFRSCRC) when compared to Self Com-
pacting Concrete (SCC). Also, the probabilistic distribution of fatigue life of SCRC and SFRSCRC at a given
stress level has been approximately modeled by the two-parameter Weibull distribution.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The onset of energy crisis and environmental consciousness has
led to a rapid growth in the construction industry. Also, the world-
wide depletion of natural resources and the simultaneous accumu-
lation of generated industrial wastes are increasing at alarming
rates [1]. This situation calls for an upholding of sustainable devel-
opment in the construction industry with major emphasis on the
utilisation of innovative and non-conventional industrial by-prod-
ucts to replace the natural resources used in concrete along with
the recycling and reuse of waste materials. The present scenario
of frequent earthquakes and unforeseen loadings to which tall
buildings are exposed necessitates the use of a sustainable con-
crete that is ductile and durable.

The development of Self Compacting Concrete (SCC) with the
unique property of flowing under its own weight by Okamura [2]
was with the prime aim of solving the problem of honeycombing
and giving better finishes to structures, especially where conges-
tion of reinforcement occurs [3]. SCC also provides benefits beyond
those of conventional concrete in all three aspects of sustainable
development: economic, social and environmental. One way to en-
hance the sustainability of SCC is to partially replace the mineral
aggregates in SCC with industrial waste materials such as rice husk
ash, marble dust, recycled aggregates, silica dust, scrap rubber,
glass aggregates, and fly ash to produce sustainable concrete [4–9].

An emerging field for the reuse of discarded tyres is in the pro-
duction of concrete, where shredded scrap rubber has been used as
a partial replacement to mineral aggregates [10,11]. Since the pro-
duction of shredded rubber does not require any sophisticated
machineries or instrumentation techniques, the reuse of scrap rub-
ber in concrete leads to both environmental and economic advan-
tages. This additive has proved to be of great significance as a
means to improve concrete properties such as resistance to abra-
sion, shock and vibration absorption and ductility and also to
reduce the use of conventional materials in the concrete matrix
along with recycling of waste rubber tyres [12–17]. Thus, the
development of rubberized concrete was a major move towards
achieving sustainable concrete.
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Fig. 2. Crimped steel fibres.

Table 1
Designation of mixes.

Designation Rubber
replacement ratio (Rr%)

Volume fraction
of steel fibres (Vf%)

R0 0 0
R15 15 0
R20 20 0
R15-S0.5 15 0.5
R15-S0.75 15 0.75
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The possibility of developing SCC incorporating shredded scrap
rubber aggregates was a novel approach to combine the advanta-
ges of both SCC and rubberized concrete. Even though this seemed
to be a promising technology in controlling the microstructure of
concrete to obtain more versatile and innovative mechanical
behavior, very few studies have been carried out so far on Self
Compacting Rubberized Concrete (SCRC) [18,19]. Past studies have
revealed that the use of steel fibers in SCC improves the engineer-
ing properties such as ductility, post crack resistance, and energy
absorption capacity [20,21]. However, no attempts have been
made so far to evaluate the effect of addition of steel fibers to SCRC.

Fatigue strength is an important design parameter for struc-
tures such as machine foundations, offshore platforms, chimneys,
and bridges, which are subjected to repeated or cyclic loads. The
wave loading of off-shore structures, increased weight of vehicles
crossing bridges originally designed to carry higher vehicles, and
seismically induced strong motion, which may result in hundreds
of load cycles, are some of the structures that are liable to induce
fatigue degradation. In this paper, an attempt has been made to
study the fatigue strength of SCRC with and without the addition
of steel fibers. The main objectives of the investigation were to
evaluate the behavior of SCC, SCRC and Steel Fiber Reinforced Self
Compacting Rubberized Concrete (SFRSCRC) under flexural fatigue
loading and to generate the S–N curves for the composites. The
shape parameter (a) which is the Weibull slope at stress level S
and scale parameter (u) which represents the characteristic life
at stress level S for SCC, SCRC and SFRSCRC were also estimated
by graphical method for a rational fatigue design of structures
made using the above composites.

2. Experimental programme

2.1. Materials and mix proportions

The materials used in this study include Ordinary Portland cement conforming
to IS: 12269-1987 (reaffirmed 2004) [22], fly ash with a normal consistency of 45%
obtained from Neyveli Lignite Power Plant conforming to Type F as per ASTM C618
[23], river sand passing through 4.75 mm IS sieve conforming to grading zone II of
IS: 383-1970 (reaffirmed 2002) [24] having specific gravity of 2.54 and coarse
aggregate with a maximum size of 12 mm and specific gravity of 2.77.

The mix design adopted is based on the method proposed by Nan et al. [25]
which gives an indication of the target strength after 28 days of curing. The water
powder ratio (w/p) of 0.37 was taken so as to obtain the SCC mix and then were
checked for the self compactability as per the EFNARC [26] acceptance criteria for
SCC. Naphthalene based super plasticizer Structuro 201 and viscosity modifying
admixture (VMA) Calcium Sulphate dihydrate were added to impart better work-
ability and viscosity to the mix in order to avoid segregation.

Fine rubber (Fig. 1) was obtained by shredding the worn out scrap tyres and was
sieved to get rubber particles with a maximum size of 4.75 mm. The specific gravity
of fine rubber thus obtained was 1.14. In Self Compacting Rubberized Concrete
(SCRC), the fine aggregate was partially replaced by fine rubber and the percentage
volume of replacement (Rr) was 15% and 20%. Steel Fiber Reinforced Self Compact-

 

 

Fig. 1. Shredded rubber.
ing Rubberized Concrete (SFRSCRC) was obtained by adding 30 mm long crimped
steel fibers having 0.45 mm diameter (aspect ratio 66) as shown in Fig. 2 at volume
fractions (Vf) of 0.50% and 0.75% to the SCRC mixes [27,28].

As the partial replacement of fine aggregate with fine rubber increased, the mix
was found to be less workable and hence, the amount of super plasticizer was in-
creased, so that the mixes satisfy the acceptance criteria of SCC. The viscosity mod-
ifying admixture was also added at the rate of 0.01% of the water content for
imparting better workability and viscosity to the mixes in order to avoid segrega-
tion. In order to offset the loss of strength due to the addition of scrap rubber,
the rubber particles were pre-treated using Poly Vinyl Alcohol (PVA). The rubber
particles were added slowly into PVA, aided by good agitation using cool water.
During this process, PVA powder got dissolved in water and adhered onto the sur-
face of rubber particles. This was then added to the SCC mix. The quantity of PVA
used was taken as 2.35% of water content. The mixes used were designated as
shown in Table 1.

The details of the constituents of the mix are given in Table 2. The self compac-
tability of the mixes was verified by Flow test, V-funnel test and L-Box test. Cube
specimens of 150 mm size were cast for the SCC, SCRC and SFRSCRC mixes and
tested for the 7 day and 28 day compressive strengths. The fresh and hardened
properties of the mixes are given in Table 3.

2.2. Details of specimens

Under flexural static loading condition, 15 prism specimens of size
100 � 100 � 500 mm were tested. A total of 60 prism specimens were tested under
fatigue loading considering four different levels of stresses. The maximum stress
levels ranged from 90% to 60% of the static flexural strength of the specimens. For
each mix, three specimens were cast and tested. The average values of these three
test results were taken for analysis.

2.3. Testing

2.3.1. Static flexural test
The estimation of static flexural strength was a desirable prerequisite for the

selection of the maximum and minimum load limits for the fatigue tests. Hence,
third point loading (four point bending) tests were carried out as per the procedure
given in IS 516:1959 (reaffirmed 2004) [29]. Three specimens were tested in each
batch and average value was reported as the static flexural strength of each type
of concrete.

2.3.2. Fatigue test
Fatigue tests were conducted on a servo-controlled repeated load test setup

having capacity of 5 t (50 kN). The span and points of loading in the fatigue test
were kept same as those for static flexural test. An initial loading was applied to cal-
ibrate the instrument. A constant amplitude load with haversine waveform was



Table 2
Mix proportions.

Mix
designation

Cement
(kg/m3)

Fly ash
(kg/m3)

Fine agg.
(kg/m3)

Coarse agg.
(kg/m3)

Shredded scrap
rubber (kg/m3)

Water
(kg/m3)

Super plasticiser (% of
powder content)

Steel fibres
(kg/m3)

VMA
(kg/m3)

PVA
(kg/
m3)

w/p

R0 410 112 887.00 710 – 193.00 1.60 – – – 0.37
R15 410 112 753.95 710 133.05 198.36 1.66 – 0.533 4.661 0.38
R20 410 112 709.60 710 177.40 198.36 1.67 – 0.533 4.661 0.38
R15-S0.5 410 112 753.95 710 133.05 198.36 1.74 39.250 0.533 4.661 0.38
R15-S0.75 410 112 753.95 710 133.05 198.36 1.75 58.875 0.533 4.661 0.38

Table 3
Fresh and hardened properties.

Mix designation Slump flow (mm) V-funnel time (s) L-box value Compressive strength (MPa)

7 days 28 days

R0 700 9 0.86 40.67 58.86
R15 690 11 0.89 38.13 54.83
R20 685 11 0.9 35.43 51.10
R15-S0.5 670 12 0.91 41.85 56.58
R15-S0.75 650 14 0.93 43.95 58.20

Fig. 3. Loading pattern.

Fig. 4. Fatigue test set-up.

Fig. 5. Static flexural strength.
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then applied at a suitable frequency of 2 Hz as shown in Fig. 3. The rate of loading
was maintained constant throughout the tests. The input data for the test included
the maximum and minimum load amplitude and loading frequency. Tests were
conducted at different stress levels (S), to obtain a continuous relation between
the applied stress level S and cycles to failure N. Stress level is the ratio of applied
maximum cyclic stress to the mean static flexural strength. The maximum stress le-
vel applied to the specimens ranged from 90% to 60% of the static flexural strength.
The minimum stress was approximately equal to zero. The number of cycles to fail-
ure of specimen was noted as fatigue life N. The tests were terminated as and when
the failure of the specimen occurred or number of cycles exceeded 2 million. The
experimental test setup for flexural fatigue test is shown in Fig. 4.

3. Results and discussion

3.1. Static flexural strength

A comparison of the static strength of different mixes is shown in
Fig. 5. An improvement in the flexural strength was observed with
an increase in the rubber content in the mix. For rubber contents
of 15% and 20% in SCRC specimens, the strength increased by 15%
and 9% respectively in comparison to SCC specimens. This may be
due to the better tensile load carrying capacity of the rubber parti-
cles. The addition of steel fibers at volume fractions of 0.5% and
0.75% to the SCRC specimens resulted in an increase in the flexural
strength by 26% and 35% respectively when compared to SCC.

3.2. Fatigue life

The fatigue behavior of concrete was characterized by the S–N
curve or Wöhler curve, which relates the applied stress level (ratio
of upper stress level to average static flexural strength) to the num-
ber of cycles to failure N. The equation of such a curve is called the
Fatigue equation [30]. In this study, the single logarithm fatigue
equation has been used for calculating the fatigue strength of var-
ious mixes.

The single logarithm fatigue equation given by:

S ¼ A� B log ðNÞ ð1Þ



Table 4
Fatigue life of SCC, SCRC and SFRSCRC specimens.

Mix designation R0 R15 R20 R15-S0.5 R15-S0.75

Stress level (S) No. of cycles to failure (N)

0.90 16 23 23 31 70
0.85 – – – – 2996
0.80 979 1512 1748 6090 15,256
0.75 – – – 48,192 79,101
0.70 12,975 24,621 40,656 207,270 –
0.60 163,276 263,806 266,767 – –
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The fatigue performance of concrete depends on two important
parameters, A and B in the fatigue equation which reflects the
height and slope of the fatigue curve respectively. As the parameter
A becomes larger, the fatigue curve becomes higher indicating bet-
ter fatigue performance. As the value of B increases, the fatigue
curve becomes steeper indicating more sensitiveness of fatigue life
to stress variations. The fatigue life data obtained for SCC, SCRC and
SFRSCRC are given in Table 4. The stress levels applied were chosen
as 0.9, 0.8, 0.7 and 0.6. But, it was seen that as the steel fiber content
was increased, the variability in the fatigue data was so large that
the fatigue values at lower stress levels could not be measured.
Hence, fatigue life data corresponding to stress levels of 0.85 and
0.75 has been considered for the analysis.

From Table 4, it can be seen that the SCC specimen with rubber
content of 15% and steel fiber volume fraction 0.75% showed the
highest fatigue resistance irrespective of the stress level applied.
It was observed that the specimens subjected to the loading range
of 90% of the flexural strength had a low fatigue life. With decrease
in the stress level, the fatigue strength increased to a different
level. The fatigue life data for load range of 60% of the flexural
strength showed relatively larger variability indicating that the
endurance limit of the material is probably being approached.
Regression equations connecting the stress levels with the number
of cycles to failure were obtained for all the specimens and are
shown in Fig. 6.

From the equations given in Fig. 6, it can be noted that the value
of the parameter A increases with increase in rubber content as
well as increase in steel fiber content. This increase in the value
of A indicates that the flexural fatigue performance of SCRC and
SFRSCRC is significantly improved when compared to SCC. There
is slight reduction in the values of parameter B for SCRC and
SFRSCRC mixes, indicating a decrease in the sensitivity of their fa-
tigue lives to change in stress levels.

The failure pattern of the specimens under flexural fatigue load-
ing is shown in Fig. 7. A major crack was initiated in the initial
Fig. 6. S–N
cycles itself and with further cycles, it propagated towards the
compression zone of the specimen, leading to collapse. It could
be seen that in all the specimens, the crack occurred within the
middle one-third span. A single crack was observed in the SCC
and SCRC specimens, while in the case of SFRSCRC specimens, finer
cracks were initiated during the initial loading cycles. SFRSCRC
specimens could sustain larger number of loading cycles owing
to the fact that the steel fibers present in the matrix would bridge
across the cracks and prevent them from further widening.

3.3. Probabilistic analysis of fatigue test data

Since the fatigue life data of concrete showed considerable
scatter due to the material’s heterogeneity and were random in
nature, it is desirable to employ the probabilistic concept in de-
sign to secure the adequate fatigue resistance of concrete struc-
tures. Hence, to develop a fatigue equation with survival
probability, a statistical analysis of fatigue data was performed
at each stress level [31].

In this study, it is proposed to use the two-parameter Weibull
distribution to describe the probability distributions of fatigue life
of SCC, SCRC and SFRSCRC. Unlike the log normal distribution that
shows decreasing hazard function, the Weibull distribution gives
increasing hazard function with an increase in life or time, which
demonstrates the actual behavior of engineering materials, sub-
jected to fatigue load. Moreover, the Weibull distribution is based
on more convincing arguments, is relatively easy to use, has well-
developed statistics, and has been used in previous studies for the
statistical description of fatigue data [32]. In this study, the graph-
ical method was employed to show that the distribution of fatigue
life of SCC, SCRC and SFRSCRC at a given stress level S follows the
two-parameter Weibull distribution.

The survival function of the two-parameter Weibull distribution
can be written as follows:

LNðnÞ ¼ exp � n
u

� �a
� �

ð2Þ

where n is the specific value of random variable, a is the shape
parameter or Weibull slope at stress level S and u is the scale
parameter or characteristic life at stress level S.

3.4. Estimation of Weibull parameters by graphical method

Since the sample size under each stress level in this investiga-
tion is small, the graphical method has been used to obtain the
parameters of the distribution a and u.
Curves.



Fig. 7. Failure pattern of the specimens.

Fig. 8. Graphical analysis of fatigue-life data for R15-S0.75.
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Taking logarithm twice on both sides of Eq. (2):

ln ln
1

LNðnÞ

� �� �
¼ a ln ðnÞ � a ln ðuÞ ð3Þ

Eq. (3) may be written in the form

Y ¼ aX � b ð4Þ

where

X ¼ ln ðnÞ ð5Þ

and

b ¼ a ln ðuÞ ð6Þ

It can be seen from Eq. (4) that, if the relationship between Y and X
is linear (when the correlation coefficient, r reaches unity), the data
of fatigue test follows the Weibull distribution and the parameter of
the distribution may be obtained directly from the straight line.



Table 5
Weibull parameters for SCC, SCRC and SFRSCRC.

Mix designation R0 R15 R20 R15-S0.5 R15-S0.75

Stress level (S) a U a u a u a u a u

0.90 2.601 18 2.146 27 1.761 28 1.662 37 1.343 87
0.85 – – – – – – – – 1.061 3758
0.80 1.413 1210 1.921 1801 1.829 2087 2.527 6990 2.315 17,669
0.75 – - – – – – 1.858 57,712 2.178 92,259
0.70 2.530 14,833 2.867 27,919 1.545 49,778 2.230 241463 – –
0.60 1.534 200,726 2.640 302,879 4.282 291,510 – – – –

Table 6
Calculated fatigue life data.

Mix designation Survival probability, LN S = 0.9 S = 0.8 S = 0.7 S = 0.6

R0 0.95 6 148 4585 28,954
0.90 8 246 6094 46,291
0.80 10 419 8199 75,501
0.70 12 583 9869 102502
0.60 14 752 11,374 129548
0.50 16 934 12,833 158066

R15 0.95 7 384 9908 98,323
0.90 9 558 12,735 129143
0.80 13 825 16,546 171601
0.70 17 1053 19,487 204,963
0.60 20 1270 22,087 234,837
0.50 23 1488 24,569 263,618

R20 0.95 5 411 7280 145,682
0.90 8 610 11,600 172,351
0.80 12 919 18,854 205,364
0.70 16 1188 25,541 229,136
0.60 19 1446 32,227 249,187
0.50 23 1708 39,266 267,597

R15-S0.5 0.95 6 2158 11,668 63,739
0.90 10 2869 17,189 88,022
0.80 15 3861 25,743 123,236
0.70 20 4648 33,135 152,081
0.60 25 5358 40,203 178,662
0.50 30 6046 47,380 204,867

R15-S0.75 0.95 10 229 4898 23,591
0.90 16 451 6684 32,831
0.80 28 914 9243 46,336
0.70 40 1422 11,319 57,470
0.60 53 1995 13,219 67,774
0.50 66 2660 15,082 77,970
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Hence, a linear regression analysis was carried out for the fatigue
test data to obtain a relation for a certain stress level S as in Eq. (4).

The empirical survival function, LN(n) for each fatigue life is ob-
tained from the following relation:

LNðnÞ ¼ 1� i
kþ 1

ð7Þ

where i is the failure order number and k is the number of fatigue
data or sample size.

Since fatigue lives follow the Weibull distribution, the parame-
ter of the distribution can be obtained directly from the plot
between ln[ln(1/LN(n))] and ln(n). The slope of the line gives shape
parameter a and the scale parameter u may be obtained as the va-
lue of n which corresponds to LN(n) = 0.368. The plot between
ln[ln(1/LN(n))] and ln(n) was made for each mix and the best fit
curves (linear curves) were drawn. A sample curve for the SFRSCRC
specimen R15-S0.75 is shown in Fig. 8. Similar plots were drawn
for all the other mixes and the Weibull parameters, a and u, were
then determined and are summarized in Table 5. It can be seen that
all the values of coefficient of correlation (r) are greater than or
equal to 0.95, which indicates that the relationship between
ln[ln(1/LN(n))] and ln(n) is linear at all stress levels. This proves
that the fatigue life values of SCC mixes considered in this study
follow the double-parameter Weibull distribution with a statistical
correlation coefficient greater than 0.9.

From the values of shape parameter reported in Table 5, it can
be seen that the shape parameter for the fatigue life data of SCRC
and SFRSCRC increases with decrease in stress level, thus indicat-
ing lower variability in the fatigue life distribution of SCRC and
SFRSCRC at lower stress levels. This lower variability could be
attributed the fact that since the SCC mixes do not require any con-
solidation, the influence of intrinsic deficiencies and material de-
fects due to bleeding or segregation induced by the improper
vibration practices may be avoided. As a result, the homogeneity
of SCC can be ensured and may substantially enhance the mechan-
ical properties and reliability of structural members. In addition,
the alignment of steel fibers in the direction of flow, as reported
by few researchers [20,32,33] may also be attributed to the better
flexural fatigue properties of SFRSCRC compared to SCC. At the
same stress level, the shape parameter was seen to decrease with
increasing rubber content as well as increasing steel fiber volume
fraction, particularly at higher stress levels. This indicates a higher
variability in the fatigue life of SCRC and SFRSCRC at higher rubber
contents and higher steel fiber volume fractions.



Table 7
Coefficients C1 and C2 of fatigue equation.

Mix designation R0 R15 R20 R15-S0.5 R15-S0.75

Survival probability (LN) C1 C2 C1 C2 C1 C2 C1 C2 C1 C2

0.95 0.9931 0.045 0.9977 0.041 0.9818 0.039 0.9528 0.026 0.955 0.022
0.90 1.0069 0.045 1.0069 0.041 1.0000 0.040 0.9683 0.026 0.9683 0.023
0.80 1.0186 0.044 1.0257 0.041 1.0209 0.040 0.9772 0.026 0.9863 0.023
0.70 1.0257 0.044 1.0375 0.042 1.0328 0.041 0.9863 0.027 0.9977 0.024
0.60 1.0328 0.043 1.0471 0.042 1.0423 0.041 0.9931 0.027 1.0046 0.024
0.50 1.0399 0.043 1.0544 0.042 1.0520 0.041 0.9977 0.027 1.0116 0.025

Fig. 9. Comparison of fatigue strength at 90% survival probability.
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3.5. Survival probability and S–N relationships

The Weibull distribution has been employed to incorporate the
survival probability into S–N relationship. The S–N relation can also
be represented by a power relation as

S ¼ C1ðNÞ�C2 ð8Þ

As the fatigue life data has been shown to follow the Weibull distri-
bution, it can be used to calculate the fatigue lives corresponding to
different survival probabilities. For different survival probabilities
LN, the fatigue life (n) is given by

n ¼ exp
ln ln 1

LN

� �h i
þ a ln u

a

0
@

1
A ð9Þ

Therefore, using the values of parameters of the Weibull distribu-
tion, a and u, at a certain stress level S, the fatigue lives at different
survival probabilities (i.e. LN = 0.95, 0.9, 0.8, 0.7, 0.6 and 0.5) can be
calculated. The calculated values for different mixes are given in
Table 6.

Comparing the values of fatigue life corresponding to a survival
probability of 0.9 (failure probability = 10%), it can be seen that at a
particular stress level, the fatigue life or the number of expected
cycles that the material can sustain decreases with increasing sur-
vival probability or surety of survival for all the mixes. It can also
be seen that for a certain fatigue life, the stress level that the mate-
rial can sustain (endurance limit) decreases with increasing
survival probability. But, for the same probability of survival, the
theoretic fatigue life of SCRC and SFRSCRC was observed to
increase significantly with increase in rubber and steel fiber con-
tent, thereby depicting a better fatigue performance as compared
to SCC, particularly at higher stress levels.

A regression analysis was done with the calculated fatigue
data to get the values of the coefficients C1 and C2 at different
survival probability. The coefficients thus obtained are listed in
Table 7. This data would be useful for design engineers in
estimating the flexural fatigue strength of SCC, SCRC and
SFRSCRC.

For comparing the fatigue strength of SCC, SCRC and SFRSCRC
at a certain survival probability, the data obtained from the Wei-
bull distribution having a survival probability of 90% has been
used. Fig. 9 shows the comparative plot of fatigue strength (con-
sidering 2 million cycles of loading) at a survival probability of
90%. SFRSCRC specimen R15-S0.75 showed the highest fatigue
strength. In comparison with the fatigue studies on plain con-
crete carried out in the past [30], SCC showed 15–20% better fa-
tigue performance. With increase in the design strength, the
fatigue strength increased by an average of 20%. The SCC mixes
with shredded rubber gave favorable and improved fatigue resis-
tance of around 15% compared to the respective SCC mixes. The
addition of steel fibers to the rubberized concrete mixes further
enhanced the fatigue performance by around 25–50%. The
fatigue strength of SCC with Rr of 15% was more than SCC with
Rr of 20% by around 2.5%.
4. Conclusions

The following conclusions were arrived at:

1. The addition of scrap rubber to SCC results in an improvement
in the fatigue strength of SCC by around 15%. The fatigue
strength was seen to increase with increase in the rubber
content.

2. The addition of crimped steel fibers to SCRC was seen to
enhance the fatigue strength by about 25–50%. The increase
in the steel fiber volume fractions resulted in significant
improvement in the fatigue strength which is as high as 13%.

3. The probability distribution of fatigue life of SCC, SCRC and
SFRSCRC at a particular stress level can be approximately mod-
eled by using the double parameter Weibull distribution with a
statistical correlation coefficient greater than 0.9.

4. The shape parameter for the fatigue life data of SCC, SCRC
and SFRSCRC increased with decrease in stress level, thus
indicating lower variability in the fatigue life distribution of
SCC, SCRC and SFRSCRC at lower stress levels. At the same
stress level, the shape factor was seen to decrease with
increasing rubber content as well as increasing steel fiber vol-
ume fraction, resulting in higher variability in the fatigue life
of SCRC and SFRSCRC at higher rubber contents and higher
steel fiber volume fractions.
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