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Introduction

In practice, it is often required to evaluate the technical condition and the load car​ry​ing ca​pac​ity of the in-built hollow core slabs made of the precast reinforced concrete. Thus, alongside with determining the reinforcement parameters of the slabs, it is also required to more spe​cifi​cally determine the slabs concrete structural properties. Re​gret​ta​bly, quite often it is not possible to drill out the full value specimens from such con​struc​tions for testing the concrete strength and evalu​ating other properties (for instance, the slabs are often accessible only from below, as there is a floor on top). Hereto, if slabs have suffered during the process of exploitation, and their con​crete has corroded (for in​stance, if water is percolating through the construction for a long time), the data obtained from evaluating the condition of the material surface will not always correctly char​ac​ter​ize the actual condition of the construction. Hence, for instance, when determining only the slabs concrete rebound hardness by using Schmidt re​bound ham​mer, the obtained data still do not provide the sufficiently comprehensive view on the slabs concrete struc​ture density, porosity and strength, as well as its integrity. It is certainly known that the ul​tra​sonic pulse ve​loc​ity meas​ur​ing devices can be conveniently applied for the com​plex in​vestigation of the aforesaid prop​er​ties, unless there are cracks seen in the measured part of the concrete. However, in many in​ves​ti​ga​tions up to now, there have been fre​quent in​di​cations on the effect of re​in​force​ment close to the tested product surface — as it in​creases the ul​tra​sonic pulse propagation ve​loc​ity in concrete. In prac​tice, when sounding  concrete of the hollow core slabs from below at a number of different build​ing ob​jects with the help of the portable ultra​sonic tester "УК-1401" and when determining the lon​​gi​tu​di​nal waves propagation ve​loc​ity in case of the single-sided (i.e. surface) sounding, still doubts arise with regards to essentiality of the effect of re​in​force​ment. To in​ves​tigate this is​sue more comprehensively, 5 model specimens were made, where rebars of different di​ameter were embedded. The chosen largest diameter of the specimen rebars (22 mm) does not exceed the maxi​mal di​a​met​er of the rebars embedded in the absolute ma​jority of the hollow core slabs.
When comparing with concrete, the ul​tra​sonic pulse propagation ve​loc​ity in steel is higher. Hence, it is generally assumed that the essential con​cen​tration of re​in​force​ment in the tested con​crete surface zo​ne increases the ul​tra​sonic pulse ve​loc​ity. However, it must be acknowledged that cor​rect investigation of the concrete tech​nical condition in the re​in​for​ced concrete constructions by using ultrasonic methods is still problematic. (It is also to be taken into account that the main re​in​force​ment of the hollow core slabs has the lon​gi​tudinal direction, yet, simultaneously, they have the shear rebars as well. Thus, the re​in​for​ce​ment direction available in the tested slabs will co​incide with orientation direction of the "УК-1401" tester, when using the measuring device both in the longitudinal and shear di​rec​tions.) 
Some time ago, stationary devices were predominantly used for testing the ul​tra​sonic pul​se ve​loc​ity, where propagation of different types of waves was determined by using an os​cillograph. These experiments certified on changes in the ul​tra​sonic pulse ve​loc​ity de​pend​ing on the sub​stan​tial re​in​force​ment con​centration in the surface zone — for in​stance, the increase of ul​tra​sonic sur​face waves ve​loc​ity was as large as up to 20% [1]. Thereto, it must be emphasized that the fea​tures of ul​tra​sonic pulse propagation ve​loc​ity are often mentioned in the literature sources, not speci​fying the methods of determining the corresponding values. However, they differ from each other. It is known that the ul​tra​sonic pulse propagation ve​loc​ity in concrete can be determined by ap​plying during the re​search the single-sided, or the so-called surface sounding (surface trans​mis​sion), and the sounding through the material (direct transmission). Thereto, the surface, shear (trans​ver​se) and lon​gitudinal waves can be transmitted in materials [2, 3, 4]. The acoustic con​tact of the transducers with the concrete surface can also be different — both the point and the so-called flat surface transducers can be used for the tests. Having summarized the aforesaid, it can be assumed that transmission of different nature waves through the ma​terial, by applying dif​fer​ent methods of sounding, provides different information on the material structure to a greater or lesser extent. When analyzing both the earlier de​ter​mined correlations in the investigations per​formed with the help of different ultrasonic test​ing methods, and the results obtained in the ex​peri​ment described hereinafter, the fol​low​ing conclusion is drawn: — there must be still sig​nifi​cant differences between the ef​fects of different factors on accuracy of measurements.
Measuring Device, References to the Standard
Technical capabilities of the ul​tra​sonic measuring equipment manufactured at present are be​com​ing increasingly larger. The measuring devices have ergonomical body, the equip​ment is com​pact and easily portable that makes it very convenient to work. One of the latest ul​tra​sonic meas​ur​ing devices, which are often used for testing both in the labo​ra​tory circumstances and in the build​ing objects, is the "УК-1401" portable tester. It is made in Moscow by the «AKC» com​pany. The operational principle of this device is: — to fix the time it takes for the ul​tra​sonic lon​gi​tu​dional pulse to cross the material, when com​ing from the emitting transducer and reaching the re​ceiv​ing transducer. A mic​ro​proc​es​sor installed in the measuring device body determines the ul​tra​sonic pulse ve​loc​ity. There are two built-in dry point contact (DPC) transducers for the "УК-1401" tester to achieve the efficient emitting and reception of the longitudional pulses, with the help of the surface sounding method. By using DPC transducers, one can secure a good contact be​tween the ultrasonic source and the testing surface (this cannot be achieved by using con​ven​tional, the so-called flat surface transducers, as the concrete surface is almost al​ways more or less un​even, hav​ing microscopic elevations). Besides, this type of trans​duc​ers allows to control the ma​terials with​out contact liquid, i.e., there’s no need to prepare the surface for control. The main tech​nical pa​rameters indicated by the manufacturer of the "УК-1401" measuring device are as fol​lows: the sound​ing base (the distance between the contact​ ele​men​ts) — 15 cm, the working fre​quency of the ul​trasonic vibrations — 70 kHz, the time and velocity measurement ranges — cor​re​spond​ingly 15 … 100 μs and 1500 … 9999 m/s, the measuring error of the ultrasonic time and ve​locity — not more than ±1%, the operation temperature range of the measuring device — from –20 to +50 ºC [5].
The "УК-1401" ultrasonic tester is usually applied for evaluating the com​pres​sive strength of heavy- and lightweight concretes, if it is within the range of 7,5 … 50 MPa. When performing meas​urements, the "УК-1401" tes​te​r can be oriented toward the plane of the tested construction in any direction. In the process of measurement, con​tac​tele​​ments of the device are pressed to the tested construction. If there are any deficiencies in the material structure (for instance, cracks) on the ul​tra​sonic pulse propagation path, the sound waves bypass these defects or damages and come to the receiver in a weakened form. Hereto, it is the most important that they are delayed to a greater or lesser extent. For instance, the atypically slower ul​tra​sonic pulse ve​loc​ity (or the longer time for cross​ing the material structure), in comparison with the data obtained at other zones of the same specimen, certifies on a defect or damage available in the material, though these de​fi​cien​cies may be unnoticeable on the unit surface. 
The initial assumption of the research is based on the following: — when crossing the iso​tropic solid body, the surface wave propagation depth hR is related to this wave length λR … 2λR [1]. This relationship indirectly certifies: — during sounding the re​in​force​ment avail​able in the sur​face wave propagation zone is obviously determined as a constituent part of the concrete that fa​cilitates increase of the ul​tra​sonic pulse ve​loc​ity to a lesser or greater extent. To clarify changes in the ul​tra​sonic pulse ve​loc​ity, depending on the con​crete cover and reinforcement diameter, the au​thors of the work [1] performed meas​ure​ments in the reinforced zones, as well in the areas with no reinforcement. It is concluded that with increase of the concrete cover, the ul​tra​sonic pulse ve​loc​ity is gradually de​creas​ing in the rebars zone, until it becomes adequate to the measurements in the concrete struc​ture. Hereto, the rebars diameter is also of essential importance — the larger it is, the faster the ul​tra​sonic pulse propagates. Besides, when using transducers with higher fre​quency for testing, the larger ul​tra​sonic pulse ve​loc​ity increase is determined. Similarly, it is es​tab​lished that, when the concrete cover exceeds 45 mm, irrespective of the rebars di​ame​ter, the ul​tra​sonic pulse ve​loc​ity in concrete remains unchanged. When considering the results obtained by using the ul​tra​sonic transducers with the frequency of 50 kHz, it is seen that the ul​tra​sonic pulse ve​loc​ity has increased by 20% in the concrete with the em​bed​ded rebars (Ø 22 mm, the con​crete cover is 15 mm) [1]. 
It is to be stated: — if such effect is not observed, the fixed ul​tra​sonic pulse ve​loc​ity in​crease can cause considerable inaccuracies in interpretation of the obtained meas​ure​ment da​ta, and namely, physical and mechanical properties of concrete could be evalu​ated higher, than they really are. (The denser concrete in structure is known to have larger ul​tra​sonic pulse propagation ve​loc​ity, that simultaneously indicates also to the higher strength properties.) Considering on the ex​periment results (see [1]), when the concrete cover is up to 30 mm thick, the ul​tra​sonic pulse ve​loc​ity in the reinforced concrete con​struc​tion element increases to a greater or lesser extent, de​pend​ing on the re​in​force​ment di​ameter. As re​in​force​ment of many reinforced concrete con​struc​tions is mostly located close to the surface (the concrete cover does not reach the required mini​mal thickness), and, hereto, the re​in​force​ment parameters are unknown (the class, the diameter, etc.), a con​clusion can be drawn that it is quite problematic to apply the ul​tra​sonic surface waves method for determining the technical condition of concrete.
In the recent period, the method of determining the ul​tra​sonic longitudional waves by ap​ply​ing surface sounding with the help of the aforesaid portable ultra​sonic tester "УК-1401" has been widely used. The Operation Manual of this measuring device [5] has in​di​ca​tions on the direction of performing measurements, depending on the re​in​force​ment lo​ca​tion in the reinforced concrete con​struction. Prior to performing measurements, to de​ter​mine the reinforcement localization, a metal detector is recommended to be used. Know​ing location of re​in​force​ment, the corresponding con​trol measurements are done with the help of the ultrasonic tester in the zones above rebars and in the rebar-free areas [5]. The aforesaid allows considering that the re​in​force​ment available in the concrete up​per layer significantly influences the accuracy of measurements and, hence, also de​ter​min​ing of the technical condition of the reinforced concrete construction in general.
With regards to application of the ultra​sonic method for determining the concrete prop​erties, there is the State Standard issued in the former USSR ― гост 17624-87 "Бе​тоны. Ультразву​ко​вой метод опре​де​ле​ния прочности" ("Concretes. The Ultra​sonic Method for Determining Strength"), which entered into force on 1 January 1988 and is still efficient in the Russian Fed​era​tion. In 2004 the methodological instructive regu​lations for application of this standard were is​sued [6], which anticipate the con​di​tions, when re​in​force​ment influences the ul​tra​sonic pulse propa​gation ve​loc​ity. Primarily, it is indicated that measurements for determining the ul​tra​sonic pulse ve​loc​ity with re​gards to the main or the so-called work re​in​force​ments placed in the con​struc​tion are to be performed transversally. In case measurements are performed along the rebars (as it is ac​tu​ally made in the experimental investigations, which are comprehensively described here​in​af​ter), the distance from the sounded surface till the rebar must not be less than 60% from the sounding base length. Thus, if the reinforced concrete is sounded this way with the help of the "УК-1401" tester, the concrete cover must be at least 9 cm thick [6].
To make sure of the effect of reinforcement influence on the ul​tra​sonic longitudional waves propa​gation ve​loc​ity, when applying the so-called surface sounding, hereto, the dis​tance between the transducers being constant (and namely — 15 cm), it was decided to manu​fac​ture specimens, which are similar to the ones used in the experiment and de​scribed in the work [1], when the ul​tra​​sonic surface waves are applied in the research.

Specimens for the Research, the Measuring Scheme
A special formwork is manufactured from the water-proofing plywood for each speci​men, where holes are drilled on the side planes in the corresponding places, in order to place rebars through these precisely in cross direction. Sizes of the specimens are as fol​low: 15 cm high, 20 cm wide and 40 cm long. These are considered to be optimal for ob​tain​ing the most correct pos​si​ble results. The so-called herringbone profile rebars of dif​fer​ent diameters (6; 8; 12; 16 and 22 mm) placed at a certain distances from the specimen sur​face (15; 30; 45; 60 and 75 mm) are em​bed​ded in the specimens. In total, five speci​mens of the reinforced concrete have been manu​fac​tured. These specimens differ from each other in diameter of the embedded re​in​force​ment, but thick​ness of the concrete cover from the so-called experiment guide-mark surface (see further on) is similar for all speci​mens. The distances between the rebars axles in the longitudinal direction of the speci​mens is 80 mm, whereas, the distances from the edge of the speci​mens to the outer re​bar axis is 40 mm.
All the reinforced concrete specimens were manufactured from the same concrete mix​ture. In the process of the experimental research, 3 more control specimens were manu​fac​tured for the mu​tual comparison of the determined properties — concrete cubes (of the size: 15 × 15 × 15 cm). The main characteristics of the concrete used for the speci​mens are: the com​pres​sive strength class — C16/20; the workability cla​ss — S3 (the cone slump — 12 cm); the ce​​ment cla​ss — CEM II/A-T 42,5 R; the coarse ag​gre​gate maximal di​a​meter — 16 mm; the mineral admixture — lime​stone powder; the chemi​cal admixture — plasticizer.
The reinforced concrete specimens were compacted by vi​bra​tion ta​ble, and the concrete control​ specimens — with the help of the internal vibrator. The vibration time for both groups of specimens was similar. For all specimens were pro​vided similar curing re​quired for hardening during 28 days, by keeping them in a stan​dard moist room.
The specimens were tested using the "УК-1401" ultrasonic tester in the zones above the re​in​force​ment and in the rebar-free areas at the time when the concrete was 4, 7, 14 and 28 days old. Si​multaneously, similar tests were done also to the con​crete cubes (control speci​mens), where meas​urements with the ultrasonic tester were performed at different sur​face planes. Taking into ac​count that the ul​tra​sonic pulse ve​loc​ity also depends on the specific mois​ture content of the tested medium (ma​te​rial), the specimens were weighed each time prior to the measurements. 
It is to be indicated that the distances of 15, 30, 45, 60 and 75 mm to place re​in​force​ment are re​ferable to the so-called bottom or the experiment guide-mark surface of the speci​mens, which con​tacted the bottom board of the formwork during the period of manu​fac​turing the specimens. In order to obtain as much information as possible, meas​ure​ments were performed also for the so-called top or the unrestricted surfaces of the manu​factured formworks of the specimens (thickness of the concrete cover in these cases de​pended on the specimen rebar diameter, for instance, for the specimen with the rebar of Ø6 mm — correspondingly 129, 114, 99, 84 and 69 mm, whereas, for the specimen with the rebar of Ø22 mm— 113, 98, 83, 68 and 53 mm).
The top and bottom surface of each specimen is divided into 11 zones in the cross di​rec​tion, and namely: five zones are selected exactly above the rebars, four — sym​met​ri​cally between the re​bars, and two — between the outer rebars and transverse edges of the speci​mens. Thus, the meas​urements were performed both above the rebars (in 5 zones) and in the conditionally rebar-free part — in the concrete (in 6 zones). Each measurement zone is assigned its own designation. The zones located on the bottom surface of the speci​mens, over the rebars, are designated in the or​der of the increasing thickness (cor​re​spond​ingly 15, 30, 45, 60 and 75 mm) of the concrete cover of the specimens — from 1 to 5. Whereas designations for the zones, where there are no re​bars, are assigned de​pend​ing on location of these zones between the so-called specific rebar zones. For instance, the concrete surface areas on both sides of the rebar zone 1 are designated as 0,5 and 1,5 (cor​respondingly, the concrete zones 1,5 and 2,5, where there are no rebars, are lo​cated on both sides of the rebar zone 2, etc.). Designations of the zones corresponding to the so-called top surface of the specimens are assigned symmetrically, they are supplemented by the mark “ ‘ ”. See the geometric parameters and the measurement zones of the re​in​forc​ed concrete speci​men at Fig. 1. 
9 measurements were performed with the help of the ultrasonic tester in each zone. In to​tal, the surface of each specimen was sounded 99 times (45 — in the rebars zones, 54 — in the so-called concrete zones) during one measurement day. As mentioned before, both the bottom and top surfaces of the specimens were sounded, and the tests were per​formed for the concrete at the age of 4, 7, 14 and 28 days. Hence, when investigating one speci​men, 792 measurements (360 — in the reinforced zones, 432 — in the so-called con​crete zones) have been done using the tester in to​tal. The total amount of meas​ure​ments for all 5 specimens is 3960. It is to be noted that, to ob​tain additional information, the concrete surfaces were, besides, sounded also in the longitudinal di​rection, i.e. trans​ver​sally to the rebars. The reinforced concrete manufactured samples, with the meas​ure​ment zones above the rebars (in the bottom surface cross direction), can be seen at Fig. 2. 
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Fig.1. The reinforced concrete specimen parameters (the specific specimen: the rebars diameter is 22 mm) and the measurement zones for the top and bottom surfaces (the sizes are provided in mm)
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Fig.2. The reinforced concrete manufactured specimens with the measurement zones

Testing Results
During the process of statistical processing of the experimentally obtained data, quite ex​ten​sive infor​mation has been obtained. It is provided in this paper in the concentrated form.
As the results obtained for all five specimens are similar, only those specimens are com​pre​hen​sively considered further in the paper, where the rebars of the correspondingly small​est (6 mm) and the largest (22 mm) diameter are embedded. It is to be noted that while testing the speci​mens at different age, practically identical scene of the results was ob​tained with regards to the effect of reinforcement on the ul​tra​sonic longitudinal waves pro​pagation ve​loc​ity in concrete — see Table 1. Therefore, further on in the paper, will be emphasized the da​ta obtained, when in​ves​tigating the reinforced concrete specimens at age of 28 days.
Table 1. Change in the ul​tra​sonic longitudinal waves propagation ve​loc​ity for the specimens having the rebars of 6 mm (22 mm) in diameter, by comparing the average data obtained from measurements in the corresponding reinforcement zones with the average results obtained from all the so-called concrete free zones 
	Thickness of the concrete cover, mm
	Age of the specimens at the moment of testing /

Change of the mean values in the ul​tra​sonic longitudinal waves propagation ve​loc​ity (data in the reinforcement zones Vmst comparing to the measurement results in the concrete Vmb, %)

	
	4 days
	7 days
	14 days
	28 days
	On average 

	15
	-3,4 (-0,1)
	-3,1 (0,5)
	-2,6 (-0,1)
	-3,1 (0,2)
	-3,0 (0,1)

	30
	1,7 (0,3)
	2,4 (0,7)
	2,5 (0,5)
	2,2 (1,0)
	2,2 (0,6)

	45
	0,3 (1,8)
	0,5 (2,3)
	0,3 (1,6)
	0,8 (1,3)
	0,4 (1,7)

	60
	-0,2 (-1,1)
	0,8 (-0,7)
	1,2 (-1,1)
	1,5 (-0,8)
	0,8 (-0,9)

	75
	0,2 (0,8)
	0,6 (0,7)
	1,4 (1,2)
	2,0 (0,8)
	1,1 (0,9)


As the information summarized in Table 1 specifies, the effect of reinforcement on the ul​tra​sonic longitudinal waves propagation ve​loc​ity in concrete is quite insignificant. Thereto, there are no correlations observed between negligible changes in the ul​tra​sonic pul​se ve​loc​ity and the con​crete cover thickness, as well as the diameter of the rebars em​bed​ded in the specimens. When com​paring the measurements performed over the rebars and the data determined at the so-called con​crete free zones, the range of changes of the ul​tra​sonic pulse ve​loc​ity mean value Vm was –3.4 … +3.5%. This range was de​ter​mined by not taking into account a possible error of the ultrasonic tester measurements of ±1%.
Fig. 3 demonstrates the tendency of the ul​tra​sonic pulse ve​loc​ity mean values in the zones over the rebars Vmst and in the rebar-free area Vmb (the results were obtained from sound​ing con​crete specimens at the age of 28 days, where the embedded rebars diameter was 6 and 22 mm).
In the Table 2, the mean values of the ul​tra​sonic longitudinal waves propagation ve​loc​​ity ob​tained from measurements in the zones over the rebars (with the absolute and rela​tive values) are mu​tually compared with the da​ta obtained, when sounding the rebar-free concrete zones located next to them.
The results obtained with the tester in the outer zones indicate the comparatively lower ul​tra​sonic pulse ve​loc​ity in concrete. It is mainly explained due to the so-called edges effect. To de​fine more accurately the influence of the specimens edges on the ul​tra​so​nic pulse ve​loc​ity, ad​di​tional measurements were made for the reinforced concrete speci​mens. It is to be emphasized that, when performing measurements with the "УК-1401" tester, the side planes of the specimens, which are directed parallel to the axle of the measurement device transducers, have the most sig​nifi​cant influence. In its turn, in​flu​ence on the ul​tra​sonic pulse ve​loc​ity of the specimen planes placed perpendicular to the axis of the measuring device transducers is comparatively lower, and namely: the al​lowed minimal distance to the edge of the tested specimen, when placing the meas​ure​ment device transducers, is comparatively lesser, when the axle of the transducers during meas​urement is directed perpendicular to the specimen side.
[image: image3.emf]4000

4100

4200

4300

4400

4500

4600

4700

4800

0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5

Measurement zones

Ultrasonic pulse velocity, m/s

Ø6 mm rebars specimen Ø22 mm rebars specimen


Fig.3. Mean values Vm of the ul​tra​sonic longitudinal waves propagation ve​loc​ity in the measurement zones
(1; 2; 3; 4; 5 — in the reinforcement zones, 0,5; 1,5; 2,5; 3,5; 4,5; 5,5 — in the rebar-free zones)
Table 2. Mean values of the ul​tra​sonic longitudinal waves propagation by zones for specimens with the 6 and 22 mm diameter rebars, comparing the results in the reinforced zones with the data obtained in the rebar-free concrete 
	Concrete specimens with the rebars of Ø 6 mm

	Measuring zone
	0,5
	1
	1,5
	2
	2,5
	3
	3,5
	4
	4,5
	5
	5,5

	Vm (m/s)
	4503
	4506
	4658
	4751
	4620
	4686
	4751
	4719
	4724
	4742
	4641

	Vmst / Vmb (%)*
	0,0
	↔
	-3,3
	–
	1,4
	↔
	-1,4
	–
	0,4
	↔
	2,2

	
	–
	–
	2,0
	↔
	2,8
	–
	-0,7
	↔
	-0,1
	–
	–

	Concrete specimens with the rebars of Ø 22 mm

	Measuring zone
	0,5
	1
	1,5
	2
	2,5
	3
	3,5
	4
	4,5
	5
	5,5

	Vm (m/s)
	4591
	4663
	4639
	4700
	4667
	4713
	4703
	4616
	4730
	4690
	4599

	Vmst / Vmb (%)*
	1,6
	↔
	0,5
	–
	1,0
	↔
	0,2
	–
	-0,8
	↔
	2,0

	
	–
	–
	1,3
	↔
	0,7
	–
	-1,9
	↔
	-2,4
	–
	–


Note: * — the relative correlation of the ul​tra​sonic pulse ve​loc​ity Vmst determined in the re​inforcement zones 1; 2; 3; 4; 5 compared to the mean values Vmb de​ter​mined in the concrete zones located next to them. 
When taking into account accuracy of the measurement device indicated by the ul​tra​sonic tester manufacturer (±1%), it is to be concluded that differences of the obtained re​sults, when per​form​ing measurements both in the zones over rebars and the located next to them the so-called free concrete zones, almost always fit within the allowed error range. In its turn, it allows think​ing that the established changes in the ul​tra​sonic lon​gi​tu​di​nal waves ve​loc​ity are not related to lo​ca​tion of the rebars in concrete (see Tables 1 and 2), and namely, when performing sounding with the "УК-1401" tester, the concrete cover thick​ness and the reinforcement diameter in fact do not in​fluence the ul​tra​sonic lon​gi​tu​di​nal waves propagation ve​loc​ity. When performing meas​ure​ments, the age of the tested con​crete also does not matter — the results obtained for the 4 and 28 days old concrete are similar. The established differences between the mean values of the ul​tra​sonic pulse ve​loc​ity obtained at different sections are, obviously, explained by different density of con​crete.
The results obtained during the process of this research can be compared with the data of the re​search performed some time ago by the RPI specialists [1]. When analyzing the provided at Fig. 4, a conclusion can be drawn that differences between the ul​tra​sonic lon​gi​tudinal and surface waves ve​loc​ities are observed only in case the concrete cover is 3 cm and thinner, hereto, it can be related to the effect of reinforcement. The surface waves show the ul​tra​sonic pulse ve​loc​ity in​crease (as much as by 20%) [1]. In its turn, when sound​ing the reinforced concrete specimens by the longitudinal waves with the "УК-1401" tester, the considerable effect of reinforcement on the ul​tra​sonic pulse ve​loc​ity has not been established.
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Fig.4. Change in the ul​tra​sonic longitudinal and surface waves [1] velocity depending on the reinforcement diameter and the concrete cover thickness
When measuring the ul​tra​sonic pulse ve​loc​ity both from the top and the bottom sur​faces of the specimens, it has been established that there is considerable difference be​tween the average re​sults. During the process of concrete com​pact​ing in the bottom part of the specimens must have been segregating — there is the highest degree of compacting and of the coarse ag​gre​gates con​cen​tration in this zone. In the bottom part (where there was the so-called guide-mark surface of the measurements), the ul​tra​sonic pulse propa​ga​tion average ve​loc​ity turned out to be by 5 … 7% lar​ger, comparing with the upper part. Simi​lar results have been obtained also with the control cubes — the ul​tra​sonic pulse ve​loc​ity in the bottom part of them was on average by 5 … 9% lar​ger, than in the upper part. 

Conclusions
1. To determine the effect of reinforcement on the ul​tra​sonic longitudinal waves propagation ve​loc​ity, five model specimens of the reinforced concrete were manufactured. The results ob​tained from testing them at different age (4, 7, 14 and 28 days, as well as later) are qualified as quite similar. The data obtained during the process of the research are compared with the ear​lier made investigations [1], as well as the data evaluation has been made in view of the cur​rently efficient standard [6] explanations (which regulate the ul​tra​sonic research method), and also in view of the indications provided in the ultrasonic tester operational manual [5] on the di​rection of performing measurements (by considering the reinforcement direction in the re​in​forced concrete con​structions).


The experimentally obtained data confirm that the ul​tra​sonic longitudinal waves propagation ve​loc​ity, by using the so-called surface sounding with the help of the ultrasonic "УК-1401" tester, at least in case of testing the hollow core slabs, does not depend on their average re​in​force​ment diameter (up to 22 mm) and location depth in the tested surface zo​ne. The de​ter​mined ul​tra​sonic pulse ve​loc​ity is similar over the rebars, as well as in the concrete zones lo​cated next to them, and differences of the mean values are practically always within the range of the measuring device permitted error (±1%). As the performed experiments have shown, the concrete moisture content, the com​pact​ing degree and the so-called edge effect still have the much more essential influence on the ul​tra​sonic longitudinal waves propagation ve​loc​ity.

2. When testing five experimentally manufactured reinforced concrete model specimens — by per​forming measurements over the rebars with the "УК-1401" tester, changes in the ul​tra​sonic lon​gitudinal waves propagation ve​loc​ity still have not been established. Hereto, in some sec​tions of the model specimens, the distance from the sounding surface to reinforcement was only 10% (1,5 cm) from the sounding base (15 cm). Hence, a conclusion is drawn that for the pre​cast concrete hollow core slabs and construction ​ele​ments, where the reinforcement maxi​mal diameter does not exceed 22 mm, when determining the ul​tra​sonic longitudinal waves propa​gation ve​loc​ity with the "УК-1401" ultrasonic tester in the uncracked concrete, sounding in the reinforcement longitudinal direction can be quite successfully performed also when the re​bars are rather close to the sounding surface.

3. The earlier performed investigations (see [1]) specify that the ul​tra​sonic surface waves propa​ga​tion ve​loc​ity in concrete (by determining these with the help of the surface sounding method ac​cording to the longitudinal pro​​fi​ling principle), quite significantly increases (up to 20%) in case of high concentration of reinforcement in the concrete surface zo​ne. There are additional con​clusions made in the herewith described experiment — by using the "УК-1401" tester, when the reinforcement maximal diameter does not exceed 22 mm (which is typical for the hol​low core slabs), the effect of reinforcement on the ul​tra​sonic longitudinal waves ve​loc​ity is neg​ligible and can be even not taken into account.
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U. Lencis, A. Ūdris, V. Zvejnieks, A. Korjakins. The Effect of Reinforcement on the Ultrasonic Longitudinal Waves Propagation Velocity in Concrete by Modeling the Concrete Structure Research of the Reinforced Concrete Hollow Core Slabs 
In practice, it is often required to evaluate the technical condition and the load carrying capacity of the hollow core slabs made of the precast reinforced concrete. Quality of the slabs is also characterized by the structural properties of the concrete. However, it is problematic to drill out the full value concrete specimens from such constructions for car​rying out the research with the help of the material destructive control methods. The physical and mechanical prop​erties of concrete are known to be best characterized by its density, porosity and strength, as well as their in​teg​rity indexes, which can be determined by using the material nondestructive control methods – by applying the ul​tra​sonic pulse velocity measuring devices. However, at the same time, it is also known that there are several factors that influence the ultrasonic pulse propagation velocity in the concrete and the reinforced concrete structures. The ear​lier performed investigations have established that the reinforcement increased concentration in the upper layers of the tested unit increases the ultrasonic pulse propagation velocity. Explanations to different standards indicate to the effect of reinforcement as well. Still, when widely applying the concrete structure sounding with the help of the ul​trasonic longitudinal waves (by using the ultra​sonic tester "УК-1401" for this purpose) at a number of different build​ing objects and determining the lon​gi​tu​di​nal waves propagation ve​loc​ity in case of the single-sided (i.e. sur​face) sounding, doubts have arose with regards to essentiality of the effect of re​in​force​ment. To further investigate it, 5 model specimens were manufactured – the reinforced concrete specimens different from each other, where the re​in​forcement diameters were in conformity with the work reinforcement of the typical reinforced concrete hollow core slabs. When performing measurements in the zones exactly over the rebars and in the rebar-free zones, there were no significant differences in the ultrasonic longitudinal waves propagation velocity established. A conclusion can be drawn that for the uncracked precast hollow core slabs and other construction elements made of the reinforced con​crete, which maximal rebars diameter does not exceed 22 mm, the concrete integrity measurements with the help of the "УК-1401" tester can be performed sufficiently correctly even, when the rebars are quite close to the sounded sur​face. 
U. Lencis, A. Ūdris, V. Zvejnieks, A. Korjakins. Stiegrojuma ietekme uz ultraskaņas garenviļņu iz​pla​​tī​šanās ātrumu betonā, modelējot dobto dzelzsbetona plātņu betona struktūras izpēti 

Praksē visai bieži nākas novērtēt saliekamā dzelzsbetona dob​to plātņu konstrukciju tehnisko stāvokli un nestspēju. Plā​tņu kva​litāti raksturo arī to betona struktūras īpašības. Taču no šādām konstrukcijām ir pro​ble​mātiski iz​urbt piln​vērtīgus betona paraugus, lai īstenotu izpēti ar materiālu graujošām pārbaudes me​to​dēm. Zināms, ka betona fi​​zi​kā​li mehā​nis​kās īpašības vis​labāk raksturo struktūras blīvums, porainība un stip​rī​ba, kā arī to vien​da​bī​bas rādītāji, ku​rus var noteikt, izmantojot materiālu negrau​jo​šo izpētes metodi ― pielietojot ultraskaņas ātruma mērierīces. Taču vien​laikus ir arī zināms, ka pastāv vairāki fak​to​ri, kas ie​spai​do ultraskaņas izplatīšanās ātrumu betona un dzelzs​be​to​na struktūrās. Agrāk veiktajos pētījumos fiksēts, ka stiegrojuma paaugstināta kon​centrācija pārbaudāmā iz​strā​dā​ju​ma virsējos slāņos palielina ul​tra​ska​ņas izplatīšanās ātrumu. Uz stieg​ro​juma ietekmi norāda arī skaidrojumi da​žā​dos stan​dar​tos. Tomēr dau​dzos un dažādos objektos praksē plaši izmantojot betona struktūru skaņošanu ar ultra​ska​ņas ga​renviļņiem (šim nolūkam izmantojot ultraskaņas testeri "УК-1401") un nosakot garenviļņu izplatīšanās āt​ru​mu pie vien​pusējas (t.s. virsmas) ska​ņ​ošanas, bija radušās šaubas par stiegrojuma ietekmes būtiskumu. Lai to iz​pē​tī​​tu detalizētāk, tika iz​gatavoti 5 modeļparaugi — savstarpēji atšķirīgi stiegroti betona paraugi, kuru stiegru dia​metri b​ija atbilstoši tipisku dobto dzelzsbetona plātņu darba stiegrojumam. Izpildot mērī​ju​mus joslās tieši virs stieg​rām un no tām brīvajās zonās, ultraskaņas ga​renviļņu iz​​​​pla​tī​ša​nās ātruma vērā ņemamas at​šķi​rības ne​ti​ka fiksētas. Secināts, ka nesaplaisājušām saliekamā dzelzs​be​tona dob​tajām plātnēm u.c. būv​ele​men​tiem, kuru mak​simālais stiegru di​ametrs nepārsniedz 22 mm, betona viendabības mē​rī​ju​mus ar testeri "УК-1401" var pie​​tie​kami korekti veikt arī tad, ja stieg​ras ir visai tuvu skaņošanas vir​smai.
У. Ленцис, А.Удрис, В.Звейниекс, А.Корякин Влияние арматуры на скорость распространения продольных ультразвуковых волн в бетоне при исследовании структуры бетона пустотных железобетонных панелей.

Очень часто на практике необходимо оценить техническое состояние и несущую способность сборных железобетонных пустотных панелей. При этом практически невозможно высверверлить образец для осуществления механического испытания на прочность. Известно, что плотность, пористость и прочность наилуше всего характеризуют физико-механические свойства бетона, а также показатели однородности материала, которые можно определить используя неразрушающие методы исследования, основанные на распространение ультразвука. Известно также, что существуют множество факторов влияющих на распространение ультразвука в бетонных и железобетонных конструкциях. В раннее проведеных исследованиях отмечалось, что повышенная концентрация арматуры близко к наружной поверхности исследуемых конструкций увеличивает скорость распространения ультразвука. На подобное влияние арматуры указывается также в пояснении некоторых стандартов. При этом, на практике, для многих объектов, широко используя сканирование бетонных конструкций ультразвуковыми продольными волнами (используя ультразвуковой тестер "УК-1401") и определяя скорость рапространения таких волн при сканировании поверхности,появились сомнения в существенном влиянии арматуры. Для детального исследования этой проблемы были изготовлены 5 модельных образцов, армированных различной арматурой на различной глубине, где используемые диаметры арматуры были типичными для рабочего армирования пустотных железобетонных панелей. Выполнив измерения над арматурными стержнями и в зонах между ними, не было зафиксировано существенных различий в скорости рапространения ультразвуковых продольных волн. Сделаны выводы о том, при исследовании нерастресканных сборных железобетонных пустотных панелей и других строительных кострукций, в которых в которых диаметр арматуры не превышает 22 мм, результаты полученные тестером "УК-1401" достаточно корректы даже в случае расположения арматуры вблизи сканируемой поверхности.
