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Abstract

The current technical standards primarily relied on experience to judge the interfacial bonding properties between the self-
compacting concrete filling layer and the steam-cured concrete precast slab in CRTS III slab ballastless track structure.
This study sought to enhance technical standards for evaluating interfacial bonding properties by suggesting the use of the
splitting tensile strength to evaluate the impact of bubble defects. Specimens were fabricated through on-site experiment.
The percent of each area of 6 cm* or more bubble defect was 0 in most of specimens. When the cumulative area of all bub-
ble defects reached 12%, the splitting tensile strength value was 0.67 MPa, which exceeded the minimum required value of
0.5 MPa for ensuring bonding interface adhesion. Furthermore, when the cumulative area of all bubble defects reached 8%,
the splitting tensile strength value was 0.85 MPa, which exceeded the minimum required value of 0.8 MPa, thereby over-
coming the negative impact of each area of 10 cm? or more bubble defect. Additionally, keeping the cumulative area of each
area of 6 cm? or more bubble defect below 6% ensured adequate bonding strength and reduced the occurrence of specimens
with lower splitting tensile strength values.

Keywords CRTS III slab ballastless track structure - Self-compacting concrete - Bubble defect - Interfacial bonding
property - Splitting tensile strength
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The CRTS III slab ballastless track structure was a ballast-
less track structure designed and constructed by China.
At present, the operating mileage of this advanced track
structure in China had exceeded 9000 km. Meanwhile, the
Jakarta-Bandung High-Speed Railway, constructed using
this advanced track structure and connecting Jakarta and
Bandung in Indonesia, officially began commercial opera-
tion on October 2, 2023. This advanced track structure
ensured safe, comfortable, and efficient operation of high-
speed trains at a speed of 350 km/h, greatly changing the
way residents travel. This advanced track structure was
including the steam-cured concrete precast slab (the precast
slab), the self-compacting concrete filling layer (the filling
layer), the geotextile layer, and the base plate. The precast
slab was manufactured in the factory, with each standard
precast slab measuring 5600 mm in length, 2500 mm in
width, and 200 mm in depth. At the site, the filling layer
was subsequently perfused to achieve standard dimensions
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of 5600 mm in length, 2500 mm in width, and 90 mm in
depth. Figure 1 shows the condition of this track structure
after completion of construction.

The filling layer mainly played the roles of the supporting,
adjusting, and bonding. This track structure required the fill-
ing layer to form a composite plate structure with the precast
slab [1]. Through the perfusion hole in Fig. 1, the filling
layer was created by on-site filling of the self-compacting
concrete (SCC) in the nearly sealed space. The process
of filling self-compacting concrete on-site was a complex
process and also required very careful handling. Initially, a
white polyvinyl chloride (PVC) pipe, typically with a diam-
eter of 18.0 cm, slightly smaller than the perfusion hole for
a secure fit, was installed at the perfusion hole of the precast
slab. The PVC pipe usually extended 1.0 m above the precast
slab. It was through this pipe that the SCC was introduced
into the nearly sealed space. During the on-site filling of the
SCC, four pulping outlets of the precast slab were opened,
enabling the SCC to gradually displace the air from the
nearly sealed space and fill it. Simultaneously, a portion of
the SCC slowly flowed out into the external space through
these outlets. When an overflow of SCC was observed from
the top of the PVC pipe, the four pulping outlets were swiftly
closed to prevent further outflow. Thus, the entire perfusion

Perfusion hole

Fig.1 The condition of this track structure after completion of
construction

Steel mold plate

process was completed. This process could take anywhere
from 6 to 10 min, depending on the raw materials used in
the SCC. Notably, the grading of the coarse aggregate had a
significant impact on the duration of the perfusion process.
Therefore, several filling experiments would be conducted
beforehand at the construction site to establish an appropri-
ate filling rate and time. The field perfusion process of the
SCC is depicted in Fig. 2.

The SCC was a mixture of different solid, liquid, and gas
polyphases that were highly sensitive [2-6]. In particular, the
approximate sealed space in Fig. 2 was used for on-site fill-
ing. This construction method made it possible for segrega-
tion to occur in the SCC. If segregation of the SCC occurred
during the perfusion process, then the bonding performance
would be seriously affected. This had serious implications
for the durability. Therefore, it was very necessary to check
the quality of the bonding interface.

Because the CRTS III slab ballastless track structure was
a new type of track structure, there may be some problems
in the current construction process. According to the current
Chinese technical standards [7], if the construction unit filled
2000 precast slabs or if there was any doubt regarding the
quality of the filling layer, it was required to uncover precast
slabs on-site for inspection. This inspection should include
taking at least one precast slab to assess the perfusion qual-
ity. The apparent morphology of two standard-sized filling
layers obtained through on-site uncovering plate method was
selected, as shown in Fig. 3.

To carry out a quantitative assessment of bonding inter-
face defects, it was imperative to guarantee that the surface
of the filling layer was devoid of any bubbles exceeding 50
cm? in size, and that the total cumulative area occupied by
bubbles measuring 6 cm? or more did not surpass 2% [8].
The quality of perfusion was assessed primarily by the area
occupied by interfacial bubble defects, a determination heav-
ily reliant on field experience.

The assessment of bonding performance between the
filling layer and the precast slab continued to hinge on

Fig.2 The field perfusion process: a the nearly sealed space; b the SCC flowing out of the pulping outlet
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No obvious interface bubbles

Perfusion hole area

Fig.3 Apparent morphology: a obvious interface defects; b no obvious interface defects

experience, lacking a scientific basis for judgment. To
enhance the existing technical standards in China [7, 8], the
authors proposed that adopting a mechanical indicator for
evaluation, through on-site experimentation, could be a more
suitable approach.

The SCC was the concrete material with complex and
diverse components. To ensure excellent flowability and
self-compacting properties, the SCC composition included
various components. Many scholars studied the effect of
aggregate composition [9-11], asphalt admixture [12, 13],
nanoadditives [14—16], activated powder admixture [17],
rubber admixture [18-21], and fiber admixture [22—-25] on
the properties of the SCC. Changes in the properties of the
SCC by the addition of specific materials, such as the pum-
ice [26], polyvinyl alcohol [27], glass [28], limestone [29,
30], and steel fibers [31-39], were also studied. Scholars
studied the effect of the presence of admixtures [40], geo-
polymers [41, 42], and plasticizers [43, 44] on the properties
of the SCC. The process of the SCC from the beginning of
mixing to pouring and molding was also influenced by many
factors. Scholars studied cement hydration [45], temperature
[46, 47], shrinkage [48, 49], rheology [50-53], surface dam-
age [54], and self-healing [55] in the SCC. As for the estab-
lishment of mechanical evaluation methods, scholars carried
out studies on numerical simulation [56, 57], reinforcement
bonding [58—64], and interface bonding [65, 66]. The size
and distribution of bubbles, the design of the concrete mix,
curing conditions, fiber reinforcement, concrete handling,
and construction practices could all exert a significant influ-
ence on bubble defects. This paper focused on railway-spe-
cific SCC. The presence of interface defects could impair
the bonding performance between the filling layer and the
precast slab, particularly under repeated dynamic loads from
high-speed trains traveling at speeds up to 350 km/h. This
would expedite the infiltration of external moisture, causing
initial interface defects to expand, impacting the dynamic
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performance of the track structure, and altering the structural
dynamics of the joint work between the filling layer and the
precast slab. This type of concrete had specific composi-
tional requirements [8]. According to the current Chinese
technical standards [67], it may be a more effective way to
evaluate bubble defects by using the mechanical indicator.
Analyzed the correlation between bubble defects and split-
ting tensile strength, the use of the splitting tensile strength
to evaluate the impact of bubble defects on the interfacial
bonding properties was of practical engineering interest.

2 Experimental setup

Considering the length and width of each standard precast
slab shown in Fig. 1, as well as the dense multilayered thick
reinforcement inside, it was difficult to accomplish the split-
ting tensile strength experiment on standard precast slab
directly. In order to change this difficult situation, the authors
created small-size experimental slabs at the same fabrica-
tion factory. These experimental slabs measured 2400 mm
in length and 400 mm in width. As per the on-site infusion
experiment, each experimental slab was filled with the SCC
on-site, as illustrated in Fig. 4. A total of eight small-size
experimental slabs underwent field infusion experiments.
These experimental slabs were filled with SCC and then
subjected to daily maintenance.

The composition of the SCC used for small-size experi-
mental slabs is presented in Table 1.

The raw materials in Table 1 were the raw materials used in
the section where the on-site experiment was conducted. The
manufacturer of the cement was Fenyi Hailuo Cement Lim-
ited Liability Company, and the cement was low-alkali cement
with P-O 42.5. The manufacturer of the coarse aggregate was
Jishui County Badu Songjia Quarry, and the grading was a
continuous-type grading from 5 to 16 mm. The river sand was
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Fig.4 Each experimental slab: a before the start of the perfusion
experiment; b after completion of the perfusion experiment

Ganjiang sand, which was graded as medium-sized sand. The
water was mainly groundwater used. The manufacturer of the
fly ash was Jiangsu Mingjiang Engineering Company, and the
grade was C50 and above. The manufacturer of the ground
blast furnace slag was Jiangxi Xinyu South Building Materi-
als Company, and the grade was S95. The manufacturer of the
expansion admixture was Shanxi Zhongtie Tiecheng Building
Material Technology Company, and the grade was ZT-5. The
manufacturer of the viscosity-modified admixture was Bei-
jing Tieke Shougang Railway Technology Company, and the
grade was TK-M. The manufacturer of the water reducer was
Sichuan Hengze Building Material Company, and the grade
was HZ-01 polycarboxylic acid (Standard). Indeed, during the
actual construction of high-speed railways, the entire route
was divided into numerous sections to facilitate simultane-
ous construction, with each section spanning approximately
20-30 km. Within the same section, the raw materials utilized
on-site remain largely consistent. Nevertheless, there may be
variations in the raw materials employed across different sec-
tions. Even in cases where different sections utilized differing
raw materials, the on-site construction team performed exten-
sive experiments prior to pouring self-compacting concrete to
guarantee compliance with national standards.

Regarding the field test results for freshly mixed SCC, the
slump flow measured 670 mm, the slump-flow time was 5 s,
the J-ring blocking step was 14 mm, the L-box filling ratio was
0.9, there was no water secretion, the air content was 4.5%,
and the vertical expansion ratio was 0.2%. As for the hardened
SCC performance parameters, the compressive strength was

22.2 MPa at 3 days, 31.8 MPa at 7 days, and 43.6 MPa at
28 days. The flexural strength at 56 days was 6.9 MPa.

Once daily maintenance of each experimental slab was
finished, these slabs were transported to the cutting plant to
undergo the cutting process, as illustrated in Fig. 5. During
the cutting process, the cutting machine should try to cut as
slowly and evenly as possible to reduce the effect of vibra-
tion on these experimental slabs.

The slab in Fig. 5 was cut into small specimens follow-
ing the labeled lines in Fig. 4b. In this way each small-size
experimental slab could be cut into a maximum of 24 small
specimens. After all small-size experimental slabs were cut,
the small specimens obtained were transported back for the
splitting tensile strength experiment [67]. Figure 6 shows a
schematic diagram of this experiment. Upon activating the
testing machine, the surface of the concrete specimen and the
cushion strip should make uniform contact. The load should
be applied in a continuous and uniform manner throughout
the test. Given that the strength class of the SCC was C40
and that of the experimental slab was C60, the loading speed
should be set at 0.08 MPa/s. If the manual method was used
to control the loading speed of the press, when the concrete
specimen was close to destruction, it should be stopped to
adjust the throttle of the testing machine until destruction
and then record the destruction load.

Fig.5 The cutting process of each experimental slab

Table 1 The composition of the SCC used for the on-site perfusion experiment (unit: kg/m?)

Cement Coarse aggregate

5-10mm 10-16 mm

River sand Water Fly ash Ground blast fur-
nace slag

Expansion admix-  Viscosity-modified =~ Water reducer

ture admixture

300 318 477 860 175 90 66

50 24 5.4
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Fig.6 Splitting tensile strength experiment

The concrete splitting tensile strength of each specimen in
Fig. 6 should be calculated according to Eq. (1) [67]:

2F

fo=0 (1)

where f,, was concrete splitting tensile strength (MPa), F was
specimen destructive load (N), and A was specimen splitting
surface area (mm?).

The splitting tensile strength value for each specimen
could be obtained through the experiment. These papers
mentioned the use of more refined wedge-splitting test to
obtain splitting tensile strength [68, 69]. Also, the apparent
morphology could be obtained. The area of defect per bub-
ble was counted using the Image-Pro software, as shown in
Fig. 7.

As many bubble defects on the surface of the filling layer
as possible were counted for subsequent analysis according
to the method in Fig. 7.

3 Results and discussion

The current Chinese technical standards mentioned the
impact of two types of bubble defects, that were, no con-
tain any bubbles larger than 50 cm? and total cumulative
area of bubbles measuring 6 cm? or more should not exceed
2% [8]. Based on the field experiment described above, the
relationship between the splitting tensile strength value and
the percent of the sum of each area of 6 cm? or more bubble
defect is shown in Fig. 8.
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Fig.7 Schematic diagram for counting the area of bubble defects

2.5

2.0

1.5

1.0 .

Splitting tensile strength value (MPa)

Percent of the sum of each area of
6 cm? or more bubble defects (%)

Fig.8 The relationship between the strength value and the percent of
the sum of each area of 6 cm? or more bubble defects

As illustrated in Fig. 8, for the majority of the speci-
mens, the percentage of the total area occupied by bubble
defects, each with an area of 6 cm? or more, relative to the
entire filling layer, was zero. Conversely, in a minority
of specimens, this percentage exceeded 2%, and in some
cases, it was remarkably high, surpassing even 12%. The
horizontal axis in Fig. 8 featured a substantial number of
zero-value points, signifying that these specimens con-
tained no bubble defects with an area of 6 cm? or more.
Notably, the distribution of splitting tensile strength
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values along the vertical axis exhibited considerable vari-
ability among these specimens. This significant variation
could primarily be attributed to the differing distributions
of much smaller bubble defects, specifically those with
individual areas less than 6 cm?, throughout the concrete
specimens. This explained the high degree of variability
observed in the interfacial bubble defects within each
specimen.

On the one hand, the current Chinese technical standards
do not directly address interfacial bonding performance.
Conversely, comprehensive on-site uncovering tests revealed
a substantial number of single bubble defects on the surface,
each measuring less than or slightly below 6 cm?. These
bubble defects were highly likely to accumulate and consti-
tute more than 2% of the filling layer area. To meticulously
analyze the relationship between different types of bubble
defects and interfacial bonding performance, two standard-
sized filling layers were selected based on the field uncover-
ing method. A camera was employed to capture images of
the bonding interface in sections, which were subsequently
pieced together to form a complete view of the entire bond-
ing interface. Two standard-sized filling layers are visually
represented in Fig. 9.

An area captured by the camera was chosen for com-
parative analysis, and Fig. 10 depicts the interfacial bubble
defects present in the observation hole area of these two
standard-sized filling layers. The area shown in Fig. 10 was
a partial area in Fig. 9. The two regions in Fig. 10 corre-
sponded to the same positions of two standard-sized filling
layers in Fig. 9. The length and width of the area shown in
Fig. 10 were 900 and 630 mm, respectively.

As depicted in Fig. 10a, the first plate exhibited no sig-
nificant bubble defects, primarily featuring bubble defects
of smaller areas. In contrast, Fig. 10b shows that the second
plate had noticeable bubble defects. Employing the method
outlined in Fig. 7, the areas of the bubble defects in these
two standard-sized filling layers were calculated. To enhance
accuracy, the bubble defect area was categorized into three
ranges: (10 mm?, 100 mm?), [100 mm?, 600 mm?), and [600
mm?, oo) for statistical analysis. The results of this analysis
are presented in Table 2.

By examining Table 2, it was evident that within the
range of individual bubble defect area (10 mm?, 100 mm?),
there was minimal disparity in the percent of the cumula-
tive bubble defect areas for each category to the filling layer.
However, in the classification interval where the area of indi-
vidual bubble defects exceeded 100 mm?, the percent of the
cumulative areas for each type of bubble defect to the filling
layer exhibited significant variations. Notably, when large
bubble defect emerged at the interlayer interface, the percent
of the cumulative areas of these bubble defects to the filling
layer increased noticeably. Hence, all specimens with large
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Fig.9 Surface of two standard-sized filling layers: a the first plate; b
the second plate

bubble defect greater than 100 mm? were categorized. The
classification is presented in Table 3.

Bubble defects of all specimens were divided into 10
categories in Table 3, and s represented the single bubble
defect area. According to the cutting method in Fig. 5, the
cross-sectional size of the interlayer interface for each speci-
men was approximately 200 mm X 200 mm. The correlation
between the classification of bubble defects, the percentage
of the cumulative bubble defect area, and the relative rate of
decrease in the splitting tensile strength value was examined,
as depicted in Fig. 11.

This analysis offered a comprehensive overview of the
distribution of bubble defects across various ranges of the
bonding interface. It was clear that the percentage of bubble
defects increased as the range increased, with the highest per-
centage found in the range of 1000 mm? <s. However, it was
also noted that there were no specimens with bubble defects
within certain ranges, such as 600 mm? <5 <700 mm?2,
800 mm* <5 <900 mm?, and 900 mm?<s< 1000 mm™.
This observation may indicate that the formation of bub-
ble defects was not consistent across the bonding interface.
Additionally, the emphasis on the presence of bubble defects
at the interlayer interface suggested a potential impact on
the performance and reliability of this structure. From the
comparison of Fig. 11a—j, it could be observed that the trend
of each area of 100 mm? or more bubble defect was that the
probability of occurrence decreased as single bubble defect
increased. Regarding bubble defects with a single defect area

Railway Engineering Science
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(a)

<_ No‘obvious lgirgc'bu‘bb

Fig. 10 Observation hole area: a the first plate; b the second plate

Table 2 The percent of each type of bubble defect area

Area (10 mm?, 100 [100 mm?, 600  [600
mm?) (%) mm?) (%) mm?, o)
(%)
First plate 3.616 0.546 0.083
Second plate 4.977 5.950 6.343
Table 3 Classification of bubble defects (unit: mm?)
No. Area of defect No Area of defect
1 100 < s <200 6 600<s<700
2 200<s<300 7 700<s<800
3 300<5<400 8 800<5<900
4 400<s<500 9 900 <5< 1000
5 500<5<600 10 1000<s

exceeding 1000 mm?, although their occurrence probability
was relatively low, their impact was significant when they
did occur. The percentage of the cumulative area of each
area with bubble defects of 1000 mm? or more relative to
the bonding interface was substantial, ultimately resulting in
a value below 0.8 MPa. The correlation between the bubble
defect area, the percentage of the cumulative bubble defect
area, and the relative rate of decrease in the splitting ten-
sile strength value, as classified in Table 3, is presented in
Table 4. It was observed that the decrease rate of the split-
ting tensile strength value was significantly enhanced as the
percent of bubble defects increased.

To adhere to the design concept of this track structure, it
was essential to establish a strong bonding interface that pre-
vented any debonding occurrences. The bonding interface
needed to counteract the adverse effects of bubble defects,
which could reduce interfacial bonding strength, thereby
ensuring long-term durability. Through the study of the

Railway Engineering Science
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impact of bubble defects, the correlation between the percent
of the cumulative area of all bubble defects, and the splitting
tensile strength value, is illustrated in Fig. 12.

It was observed that when the percentage reached 12%,
the splitting tensile strength value was 0.67 MPa, exceeding
the 0.5 MPa threshold, thereby ensuring that the interface
did not debond. Similarly, when the percentage reached 8%,
the value was 0.85 MPa, surpassing the 0.8 MPa threshold.
This effectively mitigated the adverse effect of each area
with bubble defects of 1000 mm? or more.

In conjunction with the study of the effect of interfacial
defects on the rate of decrease in bonding strength in Fig. 11,
the correlation between the percent of accumulation area of
each area of 600 mm? or more bubble defect, and the rela-
tive decline rate of the splitting tensile strength value was
analyzed, as illustrated in Fig. 13.

By analyzing Fig. 13, the decrease rate of the splitting ten-
sile strength value gradually increased with the increase of
the percent of the accumulated bubble defect area. When the
percent was about 2%, a specimen with the splitting tensile
strength value equal to 0.67 MPa appeared. When the percent
was about 6%, a specimen with the splitting tensile strength
value equal to 0.65 MPa occurred. When the percent was
about 11.5%, a specimen with the splitting tensile strength
value equal to 0.57 MPa appeared. According to the impact
of the cumulative area percentage of all bubble defects on the
strength value [70], maintaining a splitting tensile strength
value greater than 0.5 MPa ensured the prevention of interface
debonding, and the splitting tensile strength value was greater
than 0.8 MPa that it could overcome the adverse effect of each
area of 1000 mm? or more bubble defect. But when the percent
of accumulation area of each area of 600 mm? or more bubble
defect was 6%, the splitting tensile strength value decreased to
below 0.8 MPa. In order to ensure sufficient bonding strength
and to reduce the occurrence of specimens with lower split-
ting tensile strength value, the percent should be less than 6%.
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Fig. 11 The correlation between the classification of bubble defects, the percentage of the cumulative bubble defect area, and the relative rate of
decrease in the splitting tensile strength value under different bubble defect areas: a above 100 mm?; b above 200 mm?; ¢ above 300 mm?; d above
400 mm?; e above 500 mm?; f above 600 mm?; g above 700 mm?; h above 800 mm?; i above 900 mm?; j above 1000 mm?
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Table 4 The correlation between the bubble defect area, the percentage of the cumulative bubble defect area, and the relative rate of decrease in
the splitting tensile strength value

Relative rate of decrease in splitting tensile strength (%)

Area of defects Defects at 2% Defects at 4% Defects at 6% Defects at 8% Defects at 10% Defects at 12%
Above 100 mm? 7.63 14.54 20.82 26.54 31.74 36.50
Above 200 mm? 8.74 16.57 23.59 2991 35.60 40.75
Above 300 mm? 7.04 13.45 19.32 24.69 29.61 34.13
Above 400 mm? 7.76 14.79 21.16 26.95 32.22 37.02
Above 500 mm? 591 11.37 16.42 21.09 25.43 29.45
Above 600 mm? 3.96 7.69 11.21 14.54 17.68 20.65
Above 700 mm? 3.96 7.69 11.21 14.54 17.68 20.65
Above 800 mm? - - 21.60 27.49 32.84 37.70
Above 900 mm? - - 21.60 27.49 32.84 37.70
Above 1000 mm? - - 21.60 27.49 32.84 37.70

16.57% means that the relative decrease in the splitting tensile strength was 16.57%, when the percent of the accumulation of each area of
200 mm? or more bubble defects to the bonding interface reached 4%

4 Conclusions

In this study, the authors proposed utilizing the splitting
tensile strength as an assessment method for evaluating
the impact of bubble defects on interfacial bonding perfor-
mance. The following conclusions were derived:

1. The SCC specimens were perfused using a consistent
field perfusion process. For the majority of the speci-
mens, the percentage of the total filling layer occupied
by bubble defects, each with an area of 6 cm? or more,
was zero. However, in a minority of specimens, this per-
centage exceeded 2%, and in some cases, it was signifi-
cantly larger, reaching values of over 12%.

2. By analyzing bubble defects in two standard-sized filling
layers, bubble defects with each area of 1 cm? or more
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each area of 600 mm? or more bubble defect and the relative decline
rate of the strength value

were classified and refined. The trend of each area of 1
cm? or more bubble defect was that the probability of
occurrence decreased as single bubble defect increased.
When it came to bubble defects with single defect area
exceeding 10 cm?, although the probability of their
occurrence was relatively low. Once it did appear, the
percent of the cumulative area of each area of 10 cm? or
more bubble defect to the bonding interface was signifi-
cant. This ultimately resulted in a lower value and was
below 0.8 MPa.

3. The correlation study was conducted to investigate the
relationship between the percent of the cumulative area
of all bubble defects and the splitting tensile strength
value. When the percent was equal to 12%, the splitting
tensile strength value was 0.67 MPa, which was greater
than 0.5 MPa, so as to ensure that the interface was not
debonded. When the percent was equal to 8%, the value
was 0.85 MPa. It was greater than 0.8 MPa, thus over-
coming the adverse effect of each area of 10 cm? or more
bubble defect.

4. The study aimed to investigate the correlation between
the percentage of the cumulative area occupied by bub-
ble defects, each with an area of 6 cm? or more, and the
relative decrease in the splitting tensile strength value.
Specifically, when this percentage was approximately
2%, the specimen exhibiting a splitting tensile strength
of 0.67 MPa was observed. As the percentage increased
to around 6%, the specimen with a splitting tensile
strength of 0.65 MPa was noted. Furthermore, when the
percentage reached about 11.5%, the specimen with a
splitting tensile strength of 0.57 MPa was identified. To
maintain adequate bonding strength and minimize the
occurrence of specimens with reduced splitting tensile

@ Springer

strength, it was recommended that the percentage should
not exceed 6%.
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