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Abstract: To study the relationship between acoustic emission characteristic parameters of self-compacting concrete(SCC) and its destruction evolution, under uniaxial compression, acoustic emission(AE) tests are performed on C30 self-compacting concrete test blocks that are preserved for 7 days and 28 days, the corresponding relationship among energy, amplitude, ring count and different failure stages of the specimens are analyzed by AE experiment, and the spatial distribution of AE in each stage is described by introducing location map. The test shows that there are two rules for the failure of SCC specimens cured for 7 days and 28 days: (1) The first failure law is divided into four stages according to the percentage of the stress value reaching the limit stress: Initial stage: above 10%, the compaction time of test block cured for 28 days is relatively low; Elastic failure stage: 30%–35%, the cumulative value of each parameter increases linearly, and the cumulative value of the amplitude is the largest; Crack stable propagation stage: 35%–90%, there is a moment that causes local stress concentration in both test blocks; Active stage: above 90%, the cumulative value of the parameter rises sharply, then continues to load the test block instability and damage. (2) The second failure law is divided into five stages according to the percentage of the stress value reaching the limit stress: Initial stage: 15%–20%, the cumulative value of each parameter increases with time; Elastic failure stage: 20%–40%, the cumulative value of the parameter continues to grow, but the growth curve is approximately parallel; Crack stable propagation stage: 40%–60%, all parameters increased sharply and the increase reached the peak of the whole process; A stable state: 60–80%, the emission characteristic parameter will become zero, and the stable state of the 28 days curing test block is lagging; Active stage: above 90%, the number of signals increased sharply, but the energy and amplitude are low, and the later test block is completely fractured. (3) In the process of failure, the test block of SCC will form an inverted triangle or landslide failure surface, and the part above the failure surface is prone to failure, and there is a tendency to leave the test block. (4) Under uniaxial compression, the penetration of SCC cracks is mostly shear penetration.
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1  Introduction

Self-compacting concrete is a new composite material developed based on ordinary concrete, which can be compacted and formed by using its gravity, and has excellent construction performance [1], after experimental research, its mechanical behavior is related to the added fiber content [2].

Some researchers compare and analyze the impact compression failure mode of SCC with different rubber content [3], measure the load-displacement curve of rubber self-compacting concrete [4], and analyze the influence of various factors on the physical properties of steel fiber self-compacting concrete by orthogonal experiment [5].

It can effectively solve some engineering problems [6] and it is widely applied in many major projects. In recent years [7], it becomes the new direction of development of concrete materials. Although it has good working performance, there are also some problems, that is, in the use of concrete structures, under the influence of external load, internal cracks, and cavity emergence and expansion, ultimately leading to the destruction of the structure, posing a threat to the safety of the project. Therefore, in the use of SCC materials, it is a problem to be solved to choose appropriate means to study the failure law and ensure the safety of concrete structures.

As a means of dynamic nondestructive testing [8], acoustic emission technology has been applied to the safety monitoring of civil engineering structures [9]. At the same time, some researchers have introduced this technology into the field of concrete for crack detection of concrete structures [10]. Some researchers [11–13] have made use of this technology to study ordinary concrete and obtained rich research results. Although the technology is widely used in the field of ordinary concrete, there are still some deficiencies in the study of SCC, especially the failure law of SCC. Therefore, it is necessary to use AE testing technology to study SCC.

In this paper, through the AE test of self-compacting concrete under uniaxial compression, the change law of acoustic emission parameters in the process of SCC failure is studied, the change characteristics of internal cracks of SCC under load are revealed, and the spatial location evolution law of cracks in the whole process of SCC failure is obtained, which provides the theory for the application of AE technology to the field of SCC. It also provides a practical basis for stability monitoring and damage warning of SCC.

2  Experiment Materials/Equipment and Test of Related Test

2.1 Material and Equipment

The materials used in the SCC mixture include powder materials, natural aggregates, admixtures, and additives. The powder material is ordinary portland cement (C-P.O 42.5) and density is 3100 kg/m3, initial setting time of more than 150 min, and final setting time of more than 240 min. The natural aggregates mainly include coarse aggregates and fine aggregates, the fine aggregate is river sand with a fineness modulus of 2.3–3.0, which with an apparent density of 2600 kg/m3, the coarse aggregate is nature gravel with an apparent density is 1600 kg/m3. The admixture is Grade 
I
fly ash with a fineness is 43 μm, which with an apparent density is 2400 kg/m3, and the additive is polycarboxylate water reducer, which has high water reducing the rate and can improve the flowability of SCC. According to the test requirements, C30 self-compacting concrete is used for the test, as shown in Table 1, the optimal proportion is obtained through multiple proportion tests. According to the design of mix production of self-compacting concrete mixture ratio, according to the design ratio to weigh the quality of the required material, and then to add nature gravel, fly ash, cement and river sand to single horizontal-axis forced concrete mixer for stirring, in the process of stirring evenly add water and water reducer, stirring process for 3–5 min, the self-compacting concrete mixture is finished. The single horizontal-axis forced concrete mixer and the finished SCC mixture are shown in Fig. 1.
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Figure 1: The photos of (a) single horizontal-axis forced concrete mixer and (b) finished SCC mixture

2.2 Test of Working Performance

The working performance of the concrete mixture is tested. The basic properties of self-compacting concrete include fluidity, filling, and gap passage [14], so slump flow, extension time T500, V-funnel time, and H2/H1 values are tested. The details of these tests are shown in Fig. 2.

The working performance values required [15–17] by the design code of self-compacting concrete and the values obtained by tests are shown in Table 2. The experiment shows that the workability of the prepared concrete mixture meets the specified working requirements, and the designed mix proportion scheme is scientific and feasible. Subsequent tests can be carried out with the prepared concrete.
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Figure 2: The photos of (a) slump flow test (b) extension time T500 test (c) V-funnel test (d) L flow meter test
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2.3 Specimen Design

Two groups of SCC specimens (Group A1 and Group A2) with the specification of 150 × 150 × 150 mm are prepared for mix proportion. After 24 h, we remove the molds of the specimens and place them in the curing room for curing. Under the same curing conditions, Group A1 of SCC specimens are cured for 7 days and Group A2 of SCC specimens are cured for 28 days. The photo of SCC specimens in curing is shown in Fig. 3.
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Figure 3: Self-compacting concrete specimens in curing

2.4 Test Process

Before collecting the failure waveform of the specimens under uniaxial compression test conditions by using an acoustic emission system, the sound velocity calibration of the specimens of self-compacting concrete should be carried out by using a broken lead test, sensors are arranged on the surface of the self-compacting concrete specimens, the other end of the sensor is connected to the acoustic emission instrument and then the lead broken test is carried out. At the end of the broken lead test, the collected lead breaking waveform is processed, and then the sound velocity is calibrated. The photo of a broken lead test is shown in Fig. 4, sensors arrangement of a broken lead test is shown in Fig. 5, acoustic emission detection system is shown in Fig. 6.
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Figure 4: Broken lead test
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Figure 5: Sensor layout position of broken lead test
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Figure 6: The photos of (a–b) acoustic emission instrument and (c) acoustic emission system after connection

Through the broken lead test, the calibrated sound velocity values of the specimens are shown in Table 3.

[image: images]

After the sound velocity calibration, specimens A1 and A2 are placed on the WHY-2000 pressure testing machine (as shown in Fig. 7) for the uniaxial compression test. The loading rate is 20 mm/min. sensors are arranged on the surface of the specimens, sensors layout of specimens is shown in Fig. 8. At the same time as the uniaxial compression test, the acoustic emission system is used to collect the failure waveform of the specimens under the condition of the uniaxial compression test.
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Figure 7: Pressure testing machine

[image: images]

Figure 8: Sensor layout position

Through the uniaxial compression test, the measured strength values of the specimens are shown in Table 4. It can be seen from the test that after 7 days of curing, the strength of the specimens in group A1 reached more than 80% of the designed strength, while that of the specimens in Group A2 also met the expected strength design requirements after 28 days of curing.
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2.5 Analysis of Test Results

2.5.1 Analysis of Acoustic Emission Characteristic Parameters

The test results can be obtained by processed and analyzing the failure waveform of each specimen that the AE parameters of the specimens of SCC in Group A1 or Group A2 have two various rules, the change rule of the two specimens has the same place.

Figs. 9–12 are the curves of the cumulative values of energy, amplitude, and ringing count of specimens A1-1/A2-1 and A1-2/A2-2 over time and the histogram of the values of acoustic emission parameters of each specimen. According to the various characteristics of AE parameters, AE variations of specimens A1-1 and A2-1 are divided into four stages: initial stage, elastic failure stage, nonlinear stage, and active stage. The variation stage of AE parameters corresponds to the failure stage of the specimens, including the compaction stage of the specimens in the initial stage, the elastic deformation stage of the specimens in the linear stage, the plastic deformation stage of the specimens in the nonlinear stage, and the failure stage of the specimens in the active stage. Characteristics of AE parameters of specimens A1-1 and A2-1 at different stages:

i)    Initial stage (A1-1:0s-6s, A2-1:0s-4s): in the initial stage, the specimens are in the state of compaction, and the primary cracks and cavities inside the specimens are squeezed and compactly, at the same time, the concrete particles raised on the surface of the specimens are crushed. In this stage, the stress is about 10% of the ultimate stress, although acoustic emission events occur in the specimens, the number of events is small, the overall signal strength is low, and there are large attenuations. The cumulative value of each parameter increases slightly with time, in the 6s, the cumulative value of amplitude, energy, and ringing count of specimen A1-1 reached 8.0e4, 2.0e4, 8.0e3, in the 4s, the cumulative value of the specimen A2-1 reached 8.0e4, 3.1e4, 4.0e4, in the initial stage, the cumulative value of energy and ringing count of specimen A2-1 should be greater than specimen A1-1, and the cumulative value of A2-1 is 5 times higher than specimen A1-1. The initial stage of specimen A1-1 accounts for 28.6% of the whole loading process, and the initial stage of specimen A2-1 accounts for 21.1% of the whole loading process. The initial stage of specimen A2-1 is lower than specimen A1-1. The reason is that through a certain period of curing, cracks and voids in the test block can be reduced. The curing time of specimen A2-1 is longer than that of specimen A1-1, and the internal structure of specimen A2-1 is more compact with fewer cracks and voids, so the compaction time of specimen A1-1 is longer than A2-1.

ii)    Elastic failure stage (A1-1:6s-11s, A2-1:4s-8s): with the growth of the test load, the part of the aggregate combined with the cement of the specimens A1-1 and A2-1 will undergo elastic deformation under stress, elastic failure begins to occur in the specimens, microcracks begin to occur, and AE events increased linearly with time, releasing a large amount of energy. In this stage, the stress is about 30%–35% of the ultimate stress, and the accumulative value of all parameters in this stage increases linearly, which the accumulative value of the amplitude is the largest, the cumulative value of the amplitude of A1-1 increased from 8.0e4 to 2.65e5, with the growth rate of 69.8%, while the cumulative value of A2-1 increases by 51.2%.

iii)  Crack stable propagation stage (A1-1:11s-18s, A2-1:8s-14s): after a period of elastic failure, the specimens entered into the stage of stable crack propagation. The micro-crack begins to expand continuously, releasing a large amount of energy, and the specimens produced a large number of acoustic emission events. The accumulative value of all parameters begins to show nonlinear growth, which the accumulative value of specimen A1-1 increased from 5.5e4 to 4.6e5, with a growth rate of 88%, reaching 1.3e5 in the 17s. The cumulative value of specimen A2-1 increased from 1.8e5 to 7.2e5, and the ringing count reached 1.6e5 in the 11s, this indicates that in the crack stable expansion stage, stress concentration may occur in the local area of the specimens at some time [18].

iv)   Active stage (A1-1:18s-21s, A2-1:14s-19s): the crack of specimens after a period of stable extension, when the stress value reaches more than 90% of the limit stress, specimens gradually entered the stage of damage, the acoustic emission parameters accumulative total value begin to rise sharply, events, intensity, and energy all reached the peak value, the cumulative peak value of amplitude, energy and ringing count of A1-1 reached 4.0e5, 3.0e5 and 5.4e5, the cumulative peak value of amplitude, energy and ringing count of A2-1 reached 3.5e5, 5.9e5 and 8.0e5. When the stress is close to the ultimate stress value, the stored strain energy of the specimen is greater than the energy required for the crack development, thus forming the unstable state of rapid crack development, continuously appearing cracks and extending to the surface. When the specimens enter the later stage of failure, the specimens still have the bearing capacity and continue to be loaded, each parameter value of acoustic emission per second begin to decrease, but the cumulative value of each parameter still increased, indicating that although the specimens had begun to destroy, sound emission events still occurred. When the whole specimens became unstable, acoustic emission events disappeared.
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Figure 9: The photos of (a) acoustic emission parameter cumulative value curve and (b) acoustic emission parameter histogram of specimen A1-1
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Figure 10: The photos of (a) acoustic emission parameter cumulative value curve and (b) acoustic emission parameter histogram of specimen A2-1

According to the various characteristics of AE parameters, the AE parameters variation of specimens A1-2 and A2-2 can be divided into five stages:

i)    The stage where the stress increases from 0 to the limit stress of 10%–20% (A1-2:0s-3s, A2-2: 0s-5s), the cumulative values of all parameters of specimen A1-2 increase with time, but ringing counts increase small, the cumulative value of amplitude, energy, and ringing count reached 2.0e5, 9.0e4, 4.0e4, the cumulative value of amplitude, energy, and ringing count of specimen A2-2 reached 5.7e5, 3.3e5, 1.2e5. Compared with other stages, the energy of the AE signal generated in this stage is larger and more than that in other stages, indicating that at the initial stage of the test, the state of the specimens is not stable and a large number of AE signals are generated.

ii)   With the growth of stress (A1-2:3s-5s, A2-2:5s-9s), the cumulative values of all parameters continue to increase, but the growth curve is approximately parallel, indicating that with the progress of the test, the specimens are in a relatively stable state of change, but the trend of crack development is slow, and the change range of AE signal is small.

iii)  Along with the test (A1-2:5s-10s, A2-2:9s-13s), each parameter per second is at a high level, and the cumulative value of each parameter increases rapidly for a short time, reaching the peak of the whole process, indicating that the specimens in this stage have a large crack locally and suddenly releases a large amount of energy.

iv)  After a short period of rapid increase, the accumulative values of various parameters of specimens A1-2 and A2-2 all began to enter a stable state, and each AE parameter became zero. The stable period of specimens accounted for about 20% of the whole failure process, but the stable period of the specimen that had been preserved for 28 days lagged behind the specimen that had been preserved for 7 days.

v)    When the stress value reaches more than 90% of the limit stress (A1-2:14s-19s, A2-2:16s-20s), the specimens begin to enter into the damage stage, AE signal presents the growth state again, the signal number has increased dramatically, but the values of energy and amplitude are lower, it indicates that the number of AE signals are large and the signals are weak, the specimens begin to appear penetrating crack and extend to the surface, the specimens change from local failure to global failure, and each parameter value per second gradually decreases until it stops changing. When the specimens are completely fractured, the failure ends.
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Figure 11: The photos of (a) acoustic emission parameter cumulative value curve and (b) acoustic emission parameter histogram of specimen A1-2
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Figure 12: The photos of (a) acoustic emission parameter cumulative value curve and (b) acoustic emission parameter histogram of specimen A2-2

Based on the above analysis, the change of acoustic emission parameters of Groups A1 and A2 reflects two failure states of SCC under uniaxial compression test: there are four failure stages in part of the SCC, at first, it is in the state of compaction, with a small number of acoustic emission events and a low intensity. The primary cracks and cavities inside the specimens are squeezed and compacted. After the specimens enter the elastic deformation stage, the AE signal increases linearly, and the specimens produce elastic deformation and micro-cracks. At the stage of crack stable propagation, the number of acoustic emission signals increased sharply, and the micro-crack began to expand and extend, and the ringing count reached the maximum value at a certain time. When it comes to the failure stage, the crack is in an unstable state and continuously penetrates to the surface until the specimens are completely unstable and acoustic emission events disappear. By comparing and analyzing the research results of acoustic emission of ordinary concrete by Guo et al. [19–22], it can be concluded that the failure rule of self-compacting concrete under uniaxial compression is the same as that of ordinary concrete.

There are five failure stages in some self-compacting concretes. In the initial stage, the number of acoustic emission signals is large, and the cumulative value of each parameter increases greatly. Then the specimens entered a stable state of change, the crack development trend was slow, and a small number of acoustic emission signals were generated. In the initial stage, the number of acoustic emission signals is large, and the cumulative value of each parameter increases greatly. Then the specimens entered a stable state of change, the crack development trend is slow, and a small number of acoustic emission signals are generated. Then the parameter values began to increase rapidly, the growth rate reached the peak, the specimens produced a large penetration crack, and released a lot of energy; After experiencing rapid growth, the specimens entered a stable period, and no acoustic emission signal is generated. After the end of the stability period, the specimens begin to enter the failure stage, the number of signals increased sharply, but the strength is low and continues to appear penetration cracks until the specimens are completely crushed. The failure of common concrete does not exist a stable period [23–26], but the failure of granite, skarn, marble and other materials has a stable period [27,28], so the failure law of self-compacting concrete is different from that of common concrete but similar to that of some rock materials.

2.5.2 Acoustic Emission Location Analysis

Based on the analysis of the AE location of specimens, it can be concluded that both Group A1 specimens and Group A2 specimens have two spatial distribution characteristics of AE location, so the AE location of Group A1 specimens are emphatically analyzed.

As shown in Fig. 13 are the AE location result of the specimen A1-1 in each period and the state of the specimen A1-1 after destruction. In the initial stage of 0s-6s, the stress reaches 10% of the ultimate stress, and there are few locating points distributed on the specimen, only sparse locating points distributed on the inside and the edge of the compression surface at the top of the specimen. This is because the foreign bodies raised on the surface of the specimen are crushed, while the internal primary cavities and micro-cracks are squeezed and compacted [10]. Compared with the initial stage; in the 6s-11s, the number of anchor points in the specimen increased significantly, and begin to concentrate at the top edge of the specimen, with a tendency to extend downward, indicating that micro-cracks begin to occur at the top edge in the 6s-11s and begin to extend downward; in the 11s-18s, with the further increase of load, surfaces 1-3,1-4 border begin to produce a large number of dense anchor point, the number increases and concentrates downward along the edge trajectory, this indicates that the anchor points have a tendency to extend downward along the edges, and obvious cracks begin to appear near these areas; in the 18s-21s, the number of anchor point on the surfaces 1, 3 increase sharply, macroscopic cracks begin to appear rapidly on the surface of the specimen, while a large number of anchor points accumulated on the bottom of the specimen, the anchor point extending from the edge of faces 1 and 3 has a tendency to intersect the anchor point at the bottom, this indicates that the cracks on the surface and the cracks on the bottom surface begin to intersect and expand into the interior, the intersecting extended cracks form a landslide failure surface, and the extension direction points to the interior of the specimen. As the failure progresses, the specimen transforms from local failure to overall instability.
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Figure 13: The photos of (a–d) Location map of specimen A1-1 and (e–g) actual failure state of specimen A1-1

As shown in Fig. 14 are the AE location result of the specimen A1-2 in each period and the state of the specimen A1-2 after destruction. In the 0s-3s, location points are also distributed inside and at the edge of the compression surface at the top of the specimen, but the number is significantly higher than that of A1-1, indicating that under the load in the 0s-3s, the internal primary cavities, and cracks are not only squeezed and compacted but also some micro-cracks are generated and obvious cracks are formed in some areas [10]. Compared with the state of the 3s, in the 3s-5s, the number of anchor points at the junction of surface 1-4-5 increases significantly and extends downward along the edge of surface 1, indicating that cracks near the top edge of the specimen are expanding in the 3s-5s, increasing in number and beginning to extend downward. Compared with the state of the 5s, the number of anchor points near the junction of surface 1-4-5 is still increasing in the 5s-10s, and the cracks are still expanding and showing a dense trend. Meanwhile, cracks extending downward begin to appear near the top edge of surfaces 1 and 4, indicating that the failure of the specimen has entered a more active stage. By comparison, it is observed that the number and position of anchor point distribution did not change in the 10s-14s, indicating that the specimen is in a stable state at this stage and a silent emission signal is generated. Compared with the state of the 10s, near the edge of surface 1-4, anchor point number showed a trend of increase sharply in the 14s-19s, on the surfaces 1 and 4, a large number of the anchor point continued downward and showed a trend of intersection, and extended to the inside of the specimen, at the same time, some location points begin to appear at the bottom of the specimen, indicating that during 14s-19s, cracks in the block begin to expand into macroscopic cracks and eventually intersected, forming an inverted triangular failure surface, the failure surface presented a horizontal angle of about 45°, and the extension direction is downward along the edge of the specimen.

[image: images]

Figure 14: The photos of (a–d) Location map of specimen A1-2 and (e–g) actual failure state of specimen A1-2

The mode of crack penetration during the failure of concrete samples is closely related to the mechanical properties, particle grading, and physical properties of materials [18]. Bobet et al. [29] and Cheng et al. [30] proposed that in the case of failure of concrete specimens under uniaxial compression, there are three types of crack penetration, namely shear penetration, tensile penetration, and shear/tensile penetration [18]. According to the actual failure state of specimens A1-1 and A1-2, the surface of the main crack and secondary crack on specimens A1-1 and A1-2 are very rough, and the penetration form has many bends [18]. There are some concrete particles near the crack surface, so the penetration of the crack of SCC belongs to shear penetration.

By comparing and analyzing the spatial distribution of the locating point of the specimens and the actual state after the failure, the failure state of the specimens simulated by the positioning diagram is consistent with the real failure state of the specimens, and the simulation results are consistent with the failure rule of the specimens obtained by the analysis of AE parameters.

3  Conclusions

The following conclusions can be drawn from the acoustic emission study on the whole process of failure of self-compacting concrete specimens under uniaxial compression test conditions:

1.    For the self-compacting concrete specimens of 7 days and 28 days of curing, there are two rules of failure. For some self-compacting concrete specimens, there are four failure stages, namely the initial stage, elastic failure stage, crack stable expansion stage, and active stage. The failure rules are the same as those of ordinary concrete. There are five failure stages in some concretes, and in the process of destruction, there is a stable period and silent emission event.

2.    In the first failure rule, the compaction time of the specimens after being cured for 28 days is lower than that of the specimens after 7 days in the initial stage. In the stable stage of crack propagation, the specimens maintained for 7 days and 28 days exist at a certain time, the ringing value will change suddenly, and the stress concentration phenomenon will occur in the local area of specimens.

3.    In the second failure rule, there is a stage before the specimens enter the stable state, during which the acoustic emission parameter values will increase rapidly and the speed is the largest in the whole process. In the second failure law, after the rapid increase, the specimens will appear a stable period like part of the rock material, and the stable period of the specimens during curing 28 days will lag behind the specimens during curing 7 days.

4.    The spatial distribution state of the anchor point is consistent with the actual failure state of the specimens and has good consistency with the failure rule of the specimens in response to the change of acoustic emission parameters. In the process of failure, the specimens of SCC will form an inverted triangle or landslide failure surface. The part above the failure surface is prone to failure, and there is a tendency to break away from the specimens. The concrete body below the failure surface is relatively stable, which is not suitable for failure.

5.    Under uniaxial compression, the penetration of self-compacting concrete cracks is mostly shear penetration.
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Table 3: The sound velocity of each test block after calibration

Test block Al-1 Al-2 A2-1 A2-2

Calibration value 5424 m/s 4056 m/s 3703 m/s 4728 m/s
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Table 4: Strength of specimens under uniaxial compression test

Block intensity Al-1 Al-2 A2-1 A2-2

Intensity values 24.38 MPa 26.31 MPa 35.08 MPa 31.46 MPa






OEBPS/Images/JRM_19660-fig-3.png





OEBPS/Images/JRM_19660-fig-7.png





OEBPS/Images/JRM_19660-fig-14.png
(c) 10s/14s (d) 19s






OEBPS/Images/JRM_19660-fig-8.png





OEBPS/Images/JRM_19660-fig-10.png
8.0x10° &= ] 800 1.8x10°
AR 1
—_ 4 700 1.6x10° =
*—e ] "
6.0x10" PR J 600 14x10° |-
/ ] 00 = 1.2x10° |-
z Lox10" -
4.0x10° H40 EF
P - g0x10' =
- J300 £
- ; 60x10* |
2.0x10° 4 200 )
] 40x10'
—4—T'est curve 4
= Amplitude < 100
© Energe 20x10' b=
~ A Count
0.0 0 0.0
20 0 5 10 15 20
Time(s) Time(s)

(a) (b)





OEBPS/Images/JRM_19660-fig-4.png





OEBPS/Images/JRM_19660-fig-5.png





OEBPS/Images/table-1.png
Table 1: Mix proportion of SCC mixture

Raw material Cement Fly ash Sand Gravel Water Water reducer

Mix proportions (kg)  20.18 5.69 40.74  25.87 9.31 0.164
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Table 2: Measured and specified values of workability of SCC

Workability Test performance Performance index Measured value
Slump flow (mm) Filling property SF2 (660-755) 720

Extension time T500 (s) Filling property 2-5 4.2

V-funnel time (s) Filling property 3-20 18.4

H2/HI Interstitial permeability >0.8 1.00
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