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Abstract

Water-tightness of concrete and reinforced concrete pipes used to convey sewage flow of any kind is extremely important from the
aspects of (1) groundwater contamination and (2) durability of the pipes. In this study, water-tightness tests were applied on plain
concrete, reinforced concrete, and steel fiber concrete pipes of 500 mm diameter. Standard seepage tests were applied on many pipes
of various materials and combinations with the objective of determining the pipes with the best water-tightness. Tests on plain concrete
pipes whose concrete included finely ground limestone passing the no. 100 sieve (d < 0.15 mm) at an amount of 7% by dry weight of the
total aggregates revealed that the water-tightness of former was 57% better than that of pipes manufactured without the filler. The water-
tightness values measured on steel fiber concrete pipes with a fiber dosage of 25 kg/m3 turned out to be 47% and 15% better than those of
plain concrete pipes and reinforced concrete pipes, respectively. Those findings tangibly reveal that the addition of steel fibers and
mineral filler in concrete pipes improve their seepage property.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Some chemical substances present in municipal or
industrial sewage waters can be mechanically detrimental
to the pipe material and may reduce their physical and ser-
vice lives. If either the conveyed water inside the pipe or the
ambient groundwater in contact with the pipe seeping into
the concrete causes chemical reactions such as conversion
of Ca(OH)2 to gypsum and formation of sulphoaluminate
salts, this may result in deterioration of concrete and for-
mation of cracks which would further escalate the chemical
attacks. Seepage of the sewage waters out of a sewer pipe
has hazardous effects to the soil and groundwater. There-
fore, water-tightness of sewage pipes is utterly important.
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Concrete and reinforced concrete pipes have been used
widely for conveyance of storm waters and sewage waters
as open channels, and even for municipal or irrigation
waters as low-head pressure conduits. In recent times, steel
fiber concrete (SFC) has found many applications such as
tunnel linings, factory floors, and concrete pipes. Now it
is a known fact that tensile strength, ductility, toughness
(energy absorption capacity), and durability of concrete
are appreciably improved by addition of steel fibers, and
there are standards on steel fiber concrete in general [1,2]
and about steel fiber concrete pipe, in particular [3,4].

In a recent study, improvement of water-tightness of
concrete pipes was aimed by addition of cellulose fibers
into the concrete [5]. Usage of pozzolan-blended Portland
cements in hydraulic structures is long known to improve
concrete durability, and the effect on strength and water-
tightness by partial replacement of Portland cement by
fly ash during pipe production has been reported [6].
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Studies have also indicated that the inclusion of mineral
fillers passing the no. 100 sieve (d < 0.15 mm), like finely-
ground limestone, at reasonable amounts, improves many
mechanical and physical properties of concrete, because
this mixture provides a more compact concrete with less
voids [6,7]. Limestone filler is readily available as a by-
product during the crushing process of large limestone
boulders quarried for crushed aggregate production. Lime-
stone filler passes all the separator sieves and accumulates
at the bottom of the separator unit of the crushed aggre-
gate plant. It could directly be obtained by grinding of
crushed limestone sand, also, which does not necessitate
too much grinding energy because crystallized calcareous
limestone is not too hard a mineral. The study by Topcu
and Ugurlu particularly recommends that a limestone filler
of about 7%–10% by weight of total aggregates is optimum
because it increases both compressive and flexural
strengths of concrete and it also improves water-tightness
[7]. They report that increasing the mineral filler above
10% adversely affects the mechanical and physical proper-
ties of concrete because of the necessarily increased amount
of mix water [7]. Hence, the objective of this study has been
to perform experiments to determine the effects of (1) steel
fiber dosage and (2) ground limestone filler addition to the
mixed aggregates during pipe production on water-tight-
ness of steel fiber concrete pipes in a comparative way by
performing the same tests on conventional concrete and
reinforced concrete pipes.

In a recent study by Justness [8], it is reported that ‘Mor-
tars with 20% limestone filler by weight of cement subjected
to 5% sodium sulfate solution with excess gypsum (solution
saturated with gypsum) at 5 �C form excessive thaumasite
in the binder within 10 months exposure with resulting
mass loss, expansion and strength retrogression’. Accord-
ing to the study by Justness, a strong sulfate–water envi-
ronment saturated with gypsum, in the long-term, may
give rise to the expansive thaumasite formation in concrete
having limestone filler [8]. The long term effect of limestone
filler in intense sulfate environment is out of the scope of
this study. The presence of mineral filler of the sizes passing
the no. 100 sieve on the water-tightness of concrete pipes is
investigated. Accordingly, seepage tests were carried out on
prototype pipes in 28-days after their production.

2. Experimental studies

All the pipes needed for the tests were produced by a
concrete pipe manufacturing plant having an official certi-
fication by the Turkish Standards Institute.

2.1. Aggregates and Portland cement for concrete

Firstly, standard sieving, specific gravity, and absorp-
tion tests were performed on three randomly taken samples
of four different groups of aggregates regularly used for
concrete pipe manufacture. All the relevant tests were
carried out in accordance with the pertinent Turkish Stan-
dards, which are actually very similar to either EN, DIN,
or ASTM, or ACI standards. The newest Turkish Standard
about aggregates for concrete (TS-706-EN-12620) is actu-
ally a direct Turkish translation of the relevant EN
standard [9]. The same is valid for the standard about con-
crete pipes, and therefore, overtly, the pertinent Turkish
Standard is expressed as TS-821-EN-1916 [3]. The sieves
for gradation of aggregates and the tests are the same as
those of DIN-1045 [10] and other German Standards,
which are 0.25, 0.5, 1, 2, 4, 8, 16, 32, 63 mm square opening
sieves, which are different from those of ASTM C33 [11].

The pipe manufacturing plant regularly used a natural
sand and three different-gradation crushed aggregate
groups, which were classified as 0–7 mm natural sand,
0–6 mm crushed sand, 6–10 mm crushed medium, and
10–16 mm crushed coarse. Additionally, sufficient amount
of finely-ground limestone filler passing the no. 100
ASTM-C33 [11] sieve (d < 0.15 mm) was obtained by
special order to be used later for some concrete pipes. By
standard tests, the average bulk specific gravities and
absorptions of these four groups of aggregates and the filler
were determined to be in 2.65–2.73 and 1.10%–2.26%,
respectively, which are within common ranges.

PC-42.5 type of Portland cement was used in production
of the pipes tested, whose standard and commercial symbol
according to both the pertinent European and Turkish
standard is: CEM-I-42.5R [12]. Its bulk specific gravity as
reported by the manufacturer was 3.08. CEM-I-42.5R is
a pure Portland cement without any pozzolan admixtures,
and its 2-day, 7-day, and 28-day compressive strengths by
Rilem–Cembureau test are 23, 35, and 50 N/mm2, respec-
tively. As mentioned already, most of the recent Turkish
Standards are direct translations of the pertinent ENs,
and the cement standard is one of these, TS-EN-197-1 [12].

2.2. Mix recipe and steel fibers

The EN and Turkish Standard about concrete, rein-
forced concrete, and steel fiber concrete pipes, TS-821-
EN-1916, dictates that the concrete used in reinforced
concrete pipe production be a concrete class of C35 or
higher [3]. A similar German Standard, DIN-EN-641,
which is also an EN Standard, states: ‘The minimum
28-day compressive strength of the concrete shall be
35 MPa’ [13]. Previous crushing tests on 150 · 300 mm
cylindrical specimens, workability tests for pipes with
the strong-vibration capability of mould platforms of the
plant, and experience in pipe production resulted in the
mix design for a zero-slump concrete whose recipe is given
in Table 1. No admixtures, like plasticizers or such, are
used, and the fresh concrete looks rather dry and stiff
and even it has the appearance of an over-saturated aggre-
gate to the novice eye.

Two sizes of steel fibers of Dramix RC80/60-BN and
ZP-308 types of Bekaert were used. The total length and
cross-sectional diameter of RC80/60-BN and ZP-308
were 60 mm and 0.75 mm, and 30 mm and 0.75 mm,



Table 2
Mean values of mechanical properties of the C35 class of concretes with
and without steel fibers measured on three 150 · 300 mm cylindrical
samples of each group

Type of concrete Mean ultimate
load (kN)

Mean
compressive
strength
(N/mm2)

Mean secant
modulus of
elasticity
(kN/mm2)

C35, plain 665 37.6 32.0
C35 with 25 kg/m3

of ZP-308
711 40.2 33.3

C35 with 40 kg/m3

of ZP-308
630 35.6 29.6

C35 with 25 kg/m3

of RC80/60-BN
736 41.6 30.8

C35 with 40 kg/m3

of RC80/60-BN
624 35.3 25.8

Table 1
Mix proportions of the C35 class of concrete with and without the
limestone filler

Type of ingredient Plain concrete,
amounts (kg/m3)

Concrete with
limestone filler,
amounts (kg/m3)

Portland cement, PC-42.5 350 350
Mix water 117 123
Limestone filler (SSD)a – 141
0–7 River sand (SSD) 710 562
0–6 Crushed sand (SSD) 604 599
6–10 Crushed medium (SSD) 301 299
10–16 Crushed coarse (SSD) 401 398

a SSD means ‘in ‘‘saturated surface-dry’’ condition’.
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respectively. The yield strength of these steel fibers was
1050 N/mm2, and their properties complied with the rele-
vant Turkish Standard, also [14].

3. Preliminary tests

In order to keep the total number of experimental com-
binations at a reasonable and manageable amount, it was
decided that only two different fiber dosages of 25 kg/m3

and 40 kg/m3 were to be applied for steel fiber concrete
pipes. Coincidentally, in a relevant technical report, the
fiber dosages of 25 kg/m3 and 40 kg/m3 are presented [15].

Pipe of 500 mm is widely manufactured both as plain
concrete and reinforced concrete pipes depending on pur-
pose of usage, and this size was used in these tests.

The concrete batch of sufficient volume, whose mix pro-
portions have been consistently the same as in Table 1, was
poured into steel moulds resting on a vibrating platform.
The vibration is applied to the steel mould until the fresh
concrete completely settles in and no more fresh concrete
can be placed into the mould.

Three cylindrical samples of 150 · 300 mm dimensions
out of each different type of concrete used in pipe produc-
tion were taken. At the end of 28 days of curing in water at
21 �C, the stress–strain peculiarities of all these cylindrical
samples were obtained by standard tests. Fig. 1 shows
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Fig. 1. Stress–strain diagrams of different concrete specimens under
compression.
the average stress–strain curves and Table 2 reports the
average findings. The compressive strength of steel fiber
concrete with a fiber dosage of 25 kg/m3 is 10% greater
than the plain concrete and their secant moduli of elasticity
are not too different from each other.

4. Production of pipes and three-edge-bearing tests

C35 type of concrete and S-420 type of indented steel
bars whose yield strength was 420 N/mm2 were used for
all the pipes. The different combinations of the pipes
produced, whose wall thickness was 65 mm for all, were
as listed below:

(i) Plain concrete pipes (CP).
(ii) Plain concrete pipes in whose concrete mineral filler

was added (FACP).
(iii) Reinforced-concrete pipes (RCP).

There was only one elliptical reinforcement which
was 7 mm bars placed at 75 mm intervals, B7/75,
which amounts to 5.1 cm2 of circumferential rein-
forcement per 1 m of pipe length. The longitudinal
reinforcement used was 5 mm bars placed at
200 mm circumferential intervals, B5/200. The rein-
forced concrete pipe used in this study was some-
where close to class IV of ASTM-C76 [16], and
hence it was a strong reinforced-concrete pipe.

(iv) Pipes with ZP-308 type steel fibers at a dosage of
25 kg/m3 (SFCP-ZP-308-25).

(v) Pipes with ZP-308 type steel fibers at a dosage of
40 kg/m3 (SFCP-ZP-308-40).

(vi) Pipes with RC80/60-BN type steel fibers at a dosage
of 25 kg/m3 (SFCP-80/60-25).

(vii) Pipes with RC80/60-BN type steel fibers at a dosage
of 40 kg/m3 (SFCP-80/60-40).

After vibration, the steel mould is removed out of the
freshly cast pipe, and the pipe rests at room temperature
in the plant for 6 h. The first curing phase is increasing
the ambient temperature at a rate of 12 �C/h. The second
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phase is application of steam curing at the constant temper-
ature of 60 �C for a period of 12 h, and the third phase is
cooling back to the room temperature again at the rate
of 12 �C/h.

According to a relevant report by the Institut für Bau-
technik, the ultimate crushing strength for steel fiber
concrete pipes with a fiber dosage of 25 kg/m3 must be
greater than 60 kN/m for pipes of internal diameter of
500 mm and wall thickness of a minimum of 60 mm [15].
The crushing test, which is termed as ‘three-edge-bearing
test’ in relevant standards [3,17], was performed on all
the pipes as shown in Fig. 2. The loading lath on top and
two support laths at the bottom extended throughout the
total length of each pipe including their bell (or groove)
parts except for their spigot (or tongue) portion at the
end as specified in these standards. The top and bottom
laths had special profiles perfectly matching the profile of
the bell portion, and plaster of Paris was applied between
the laths and the pipe as required in TS-EN-821 [3] (see
Fig. 2. (a) Three-edge-bearing test applied on one of the pipes. (b) The cr
Fig. 2(a) and (b)). The steel fiber concrete pipes produced
with the RC80/60-BN type of fibers at a dosage of 25 kg/
m3 produced in this study had an ultimate strength of
78 kN/m and therefore comfortably satisfied this German
requirement. These SFCP-80/60-25 class pipes satisfied
even the highest class, class H, of the British Standard:
BS-DD-76-Part-2, also, because 78 kN/m is greater than
58 kN/m, the lower limit for class H pipes of 525 mm inter-
nal diameter [4]. According to the Turkish (and European)
Standard TS-821-EN-1916 [3] the lower acceptable limit
for the three-edge-bearing strength for a plain concrete
pipe of 500 mm internal diameter is 35 kN/m, which is
the same as that in ASTM-C14 for ‘class 1’ concrete pipe
[18]. The plain concrete pipes in this study had an average
three-edge-bearing strength of 43 kN/m. The same strength
for the limestone filler added concrete pipe was 48 kN/m,
which satisfies even the ‘class 2’ type according to
ASTM-C14 [18]. A summary of the three-edge-bearing
tests on all the concrete pipes with and without steel fibers
ack formation of a steel fiber concrete pipe under three-edge loading.



Table 3
Summary of the three-edge-bearing tests on all the concrete pipes, reinforced concrete pipes, and steel fiber concrete pipes

Types of pipe Ultimate load for each pipe Mean
ultimate
load (kN)

Mean ultimate
load per meter
length of pipe
(kN/m)

Relative difference
w.r.t. RCP (%)

Acceptable lowest
ultimate load per
meter length of
pipe as stipulated
in TS-821-EN-1916
(kN/m)

Mean cost of
a single pipe
(US $)

Pipe no.
1 (kN)

Pipe no.
2 (kN)

Pipe no.
3 (kN)

CP 65.0 64.0 64.5 64.5 43.0 – 35 31
FACP 72.0 71.0 73.0 72.0 48.0 – 35 33
RCP 111.1 110.3 110.4 110.6 73.7 – 67.5 54
SFCP-ZP-308-25 104.9 105.8 105.2 105.3 70.2 �5 67.5 46
SFCP-ZP-308-40 113.0 111.8 112.1 112.3 74.9 +2 67.5 52
SFCP-80/60-25 118.0 117.2 117.0 117.4 78.3 +6 67.5 46
SFCP-80/60-40 121.0 121.3 120.1 120.8 80.5 +9 67.5 52
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is presented in Table 3. The length of all the pipes tested in
this study was 1.5 m (=1500 mm). On the sixth and eighth
columns of Table 3, the measured ultimate loads per meter
length of the pipes and the acceptable lower limit values as
specified in TS-821-EN-1916 [3], respectively, are given for
comparative purposes. The actual strength must be greater
than the lower limit specified in the standard in order for
any pipe to be used in actual applications.

Steel bars of suitable diameters used in conventional
reinforced concrete pipes are transported to the plant and
stored in it. They are cut in needed lengths, bent in special
machinery in correct dimensions, and the most time con-
suming is the point welding at intersections of circumferen-
tial and longitudinal bars of the reinforcement caging.
Hence, preparation of the reinforcement cage of each pipe
is both time consuming and costly. Addition of steel fibers
directly into the fresh concrete batch during mixing as if
another ingredient is much simpler, much less time con-
suming, and much less labor-intensive.
Fig. 3. Water-tightness experiment applied to one of the pipes.
5. Water-tightness tests

This test was performed in accordance with TS-821-EN-
1916 [3]. Both ends of a pipe are insulated firmly by stan-
dard rubber sheets squeezed between the steel plate and
the end of the pipe, the strong squeezing force being
applied by tightly screwed four steel bars extending all
Table 4
Amounts of water added during water-tightness tests in accordance with TS-821-EN-1916 on all the concrete pipes with and without steel fibers and
relative differences of seepage losses

Type of pipe Water loss from each pipe Average
water loss
(cm3)

Relative drop
w.r.t. CP (%)

Relative drop
w.r.t. RCP (%)Pipe no.

1 (cm3)
Pipe no.
2 (cm3)

Pipe no.
3 (cm3)

CP 100 130 120 117 – –
FACP 55 50 45 50 57 31
RCP 70 80 70 73 38 –
SFCP-ZP-308-25 70 75 65 70 40 4
SFCP-ZP-308-40 65 65 70 67 43 8
SFCP-80/60-25 65 60 60 62 47 15
SFCP-80/60-40 60 55 60 58 50 20
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the way between the two ends of the pipe. With the help of
a high-pressure hose, a standard relative pressure of
0.5 Bar (�5 m water column) is exerted by a compressor.
Initially, the inside of the pipe is completely filled up with
water at the constant pressure of 0.5 Bar. Five minutes
later, any missing water is replenished to make sure that
the test will be performed with a completely full pipe. Next,
the constant pressure of 0.5 Bar is applied for a period of
15 min. The pressure is released at the end of this 15 min
period, and the loss of water from inside the pipe is comple-
mented by addition of extra water, whose volume is consid-
ered as water amount that is lost by seepage through the
walls of the pipe. The permeability or porosity of the pipe
material will be directly reflected by the amount of water
lost out of the completely sealed pipe under this constant
relative pressure of 0.5 Bar. Fig. 3 shows the instant of this
test applied on one of the pipes. Table 4 presents the seep-
age losses by this standard test of TS-821-EN-1916.

Similar tests are specified in DIN-EN-641 [13] and
ASTM-C-497 M [17]. In Section 4.2 of DIN-EN-641 an
internal hydrostatic pressure test is required during which
an inside pressure of either maximum design pressure
+1200 kPa or 1.2 times the maximum design pressure,
whichever is greater, is applied. The pipe is restrained
within a hydrostatic test rig and pressure tested for a period
of 5 min. During the test the pipe shall be absolutely water-
tight and show no leaks [13]. In Section 8 of ASTM-C-
497M a similar ‘hydrostatic test method’ is described [17].

6. Discussion and conclusions

Investigation of the results of the standard tests applied
on various concrete pipes leads to the following
conclusions:

(1) The optimum steel fibers dosage should be around
25 kg/m3, because an increase of fiber dosage from
25 kg/m3 up to 40 kg/m3 brings about negligibly
small improvements in water-tightness for a consider-
ably great 60% increase in the mass of steel fibers
used. The longer RC80/60-BN type of steel fibers
was slightly more efficient for steel fiber concrete
pipes than the shorter ZP-308 type.

(2) The water-tightness of steel fiber concrete pipes with
a steel fiber dosage of 25 kg/m3 is found to be 15%
better than that of conventional reinforced concrete
pipes. The reason for this improvement is most prob-
ably due to the reduced internal cracking on account
of the presence of the steel fibers in the concrete.

(3) Addition of fine limestone filler passing the no. 100
sieve (d < 0.15 mm) to concrete at about 7% by dry
weight of total aggregates is found to improve the
water-tightness around 57% as compared to plain
concrete pipes without filler. Therefore, addition of
mineral filler at 7% by weight to pipe concrete seems
to cause a considerable improvement in leakage prop-
erty of the concrete pipes. As pointed out by a recent
study [8], limestone filler may make the concrete vul-
nerable to sulfate attack in the long term if the pipes
are in a strong sulfate environment. Therefore, usage
of limestone powder as mineral filler in strongly
sulfate-prone environments should be considered
cautiously from that aspect, and ground volcanic tuff
or any natural pozzolan could be chosen instead of
limestone for strong sulfate environments.
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