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This book corresponds to the fourth volume of the series focused on Processes in GeoMedia

and their research on the dynamic of natural systems - geosphere, hydrosphere, atmosphere,

and their interactions-, the human contribution to naturally occurring processes are among the

most urgent and essential scientific problems. The widespread introduction of computer

technology has allowed calculating complex phenomena, previously unavailable for analysis.

The creation and improvement of a new generation of geophysical instruments, remote

observing systems based on the ship, aircraft, and satellite allow obtaining a large amount of

data to reflect the broad picture of the processes objectively. The articles included in this book

also reflect a critical position in laboratory modeling of research in geo-environments and

testing.

"Bound by War is a pathbreaking, intimate, panoramic, and impressively binational case study

of America's emergence as a Pacific power with the conquest of the Philippines in 1898, and

its evolution thereafter, through war and peace, into the gargantuan global military

establishment we know today." �John W. Dower, Pulitzer Prize-winning author of Embracing

Defeat"Bound by War is a tour de force. It shows how military service has bound the United

States and the Philippines together from the formation of the Macabebes and Philippine

Scouts at the dawn of the twentieth century, through the Bataan death march, Cold War

campaigns in Korea and Vietnam, and recent interventions in the Middle East. In addition to

illuminating how the United States enlisted a core partner in the Pacific, it reveals how talk of

brotherhood and shared service have hidden inequities and divergent ambitions." �Kristin

Hoganson, author of Fighting for American Manhood "A must read for Americans and Filipinos

who would hardly remember the epic relationship of the United States and Philippines if not for

Christopher Capozzola's masterful work chronicling the long, turbulent relationship between

the two countries. Full of personal stories, this is America's history of the Philippines, of

Filipinos and Filipino Americans' ongoing fight for recognition, and how America's imperial rule

still looms over them to this day. We cannot afford to let this history to be shelved and

forgotten." �Major General Tony Taguba, US Army Retired, Chairman Filvetrep --This text refers

to the hardcover edition.About the AuthorChristopher Capozzola is professor of history at MIT.

Author of the award-winning Uncle Sam Wants You, he is also a cocurator of "The Volunteers:

Americans Join World War I, 1914-1919," a traveling exhibition that originated at The National

WWI Museum and Memorial to commemorate the centennial of the First World War. He lives in

Boston, Massachusetts.--This text refers to the hardcover edition.
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fedinkv@ipgg.sbras.ru Y. I. KolesnikovEmail: kolesnikovYI@ipgg.sbras.ruAbstractThe

possibility of a resonant method for detecting defects in the slab anchoring the embankment

dams and levee slopes, using Novosibirsk hydroelectric power station as the study object is

shown. The accumulation of amplitude spectra of acoustic noise recordings makes it possible

to determine the frequencies of the first few modes of standing compressional waves

generated by noise in concrete slab fasteners. A sharp increase in the frequency of the lowest

mode of standing waves is an indicator of the appearance of voids or De compaction of the

base soils under the slabs.KeywordsHydroelectric damUpper slopes

fasteningsCavitiesDiagnosticsStanding waves methodAreal observations1 IntroductionThe

construction of hydroelectric power stations (HEPs) in many cases is accompanied by the

construction of embankment dams and levees, which during operation can be exposed to

various processes such as pressure of waves and ice, internal erosion due to filtration

processes, seasonal freezing and thawing, etc., leading to changes in their design

characteristics. Statistics show that embankment dams account for more than half of all

accidents that occur on hydraulic structure dams (Yuzbekov 2004).Various types of fastenings

are used to protect the upper slopes of embankment dams and levees exposed to the dynamic

effects of waves and ice. In particular, at the Novosibirsk hydroelectric power station, the upper

slopes are reinforced with concrete slabs. The appearance of defects in the upper slopes

occurs due to changes in the state of the soil and the loss of concrete strength in the

reinforcing concrete slabs. Identification of these defects allows one to timely take appropriate

measures to eliminate them.Inspection of dams is usually carried out by visual inspection or

observation, for example, using aircraft or spacecraft. However, given that changes in the state



of concrete slabs and soils beneath them are usually hidden, indirect diagnostic methods can

be used to search for defects, in particular, various geophysical methods. For the Novosibirsk

hydroelectric power station, an important practical task was the detection of voids under the

concrete slabs fastening the upper slopes (Fig. 1). In addition, it is also desirable to control the

thickness of the concrete slabs at the measuring points. The most common method used for

solving this kind of problems, for example, inspection of road surfaces, is based on

electromagnetic sounding on road surfaces and their bases by GPR (Derobert et al. 2001;

Khamzin et al. 2017; Saarenketo and Scullion 1994). This method is characterized by high

performance and fairly good accuracy, but with a large variability of the electrical parameters of

the study medium, it may require periodic calibration of the equipment. In addition, concrete

slabs are usually reinforced with steel meshes, which also limits the capabilities of GPR.Fig.

1Fastening slabs for the upper slope of the Novosibirsk hydroelectric power stationAcoustic

methods, such as echolocation, are also used to examine hard surfaces (Baker et al. 1995;

Choi and Park 2019). This method gives good results in controlling the thickness of the cover,

but is ineffective in identifying voids and weakened zones underneath. Below we show an

example of the application for detecting voids under concrete slabs and controlling their

thickness using an acoustic method based on the extraction of standing waves from acoustic

noise recorded on the surface of a concrete slab.2 MethodThis method has already been

applied earlier, for example, during physical modeling and field experiments to determine voids

in soil sediments, inspect the road surface and determine the thickness of ice (Kolesnikov and

Fedin 2015, 2018; Kolesnikov et al. 2018; Fedin et al. 2019). The method is reduced to the

registration of acoustic noises on the surface of the object under study and the accumulation of

amplitude spectra of a large number of noise records. This makes it possible to extract the

standing waves formed under the object from the noise.In our case, the study objects are

concrete layers (slabs), under which there is either a more rigid base (sandy soil with a rock

outline), or, if there are defects in the base, a softer soil or cavities filled with air or water. In

such layers (slabs), during the formation of standing waves between the lower and upper

boundaries, depending on the conditions of reflection on them, either an integer number of half-

lengths or an odd number of quarters of the length of standing waves (like standing waves in

rods with loose ends or one loose end (Khaykin 1971)).The standing waves frequencies of

vertical compression-tension in the layer in these two cases are determined, respectively, by

the formulas,(1)for a concrete slab under which there is a cavity or non-rigid soil, or(2)for a

concrete slab lying on top of a hard ground. Here n is the mode number of standing waves, Vp

is the velocity of longitudinal waves, h is the plate thickness.In both cases, the interval between

adjacent natural frequencies equals . This is manifested in the appearance of a regular

sequence of resonant peaks at the standing waves frequencies on the amplitude spectra

averaged as a result of accumulation. Thus, at known velocity Vp and frequencies of any two

adjacent (in mode order) standing waves of vertical compression-tension, the thickness of the

concrete slab can be determined by the formula(3)Note also that for Formula (1) , and for

Formula (2) That is, over water, air, or loose soil, the interval is equal to the frequency of the

lowest mode, and over hard ground its value double.3 Experimental Technique and ResultsTo

assess the possibilities of using the acoustic method of standing waves for examining the

fastenings of the embankment dam upper slopes of the Novosibirsk Hydroelectric Power

Station, field experiments were carried out on four presumably “problematic” slabs. Slab size

area was 10 × 10 m2. Registration of noise records was carried out on the entire surface of the

slabs along a square grid with a step of 1 m. A two-channel digital oscilloscope B-423 with a

sampling frequency of 100 kHz was used for recording. The experimental setup is shown in



Fig. 2.Fig. 2Experimental setupTwo wide-band piezoceramic piston-type sensors with a

vertically directed axis of maximum sensitivity were used as receivers. These receivers were

installed directly on a clean slab surface during measurements. The signals from the sensors

were recorded with a digital oscilloscope and then recorded on the hard disk of a computer

(laptop) for further processing. To speed up the measurements near the observation points, the

concrete slabs were subjected to additional noise exposure using a hard-bristled brush driven

by an electric screwdriver. This made it possible to reduce the registration time at each point

from 5 to 10 min required when working with natural acoustic noises to about 30 s.During

processing, the recordings were divided into fragments with a duration of 8192 counts

(approximately 82 ms), after which the amplitude spectra of these fragments were

accumulated. Figure 3 shows examples of averaged spectra of noise recordings recorded at

two observation points. It can be seen that even with a relatively short recording duration of

noise, at least two regular resonance peaks can be confidently identified in their spectra, which

agree with Formulas (1) or (2).Fig. 3Examples of averaged amplitude spectra of noise records

recorded on the slabs of the upper slope of the dam a above the rigid base and b above the

cavityIn particular, for a concrete slab lying on a more rigid base (a rock outline on a sandy

ground), which was the case in most observation points, these peaks are located on the

frequency axis in accordance with Formula (2). This is illustrated by the spectrum shown in

Fig. 3a, where the peak frequencies corresponding to the first two modes of standing

compressional waves are 3.33 and 9.99 kHz. At the same time, the distribution of the peaks is

consistent with Formula (1) the cavity formed under the slab (Fig. 3b), their frequencies are

6.65 and 13.3 kHz.The fact that we observe exactly standing waves of vertical compression-

tension of a concrete layer and not other types of waves is due to the use of sensors in

measurements that record mainly the vertical component of acoustic noise. Confirmation of

this nature of standing waves is provided by comparing the results of direct measurement of

the concrete slab thickness at the control point and calculating the thickness using the Formula

(3). The concrete thickness measured with a tape measure along the slab with a loose end at

the bottom was approximately 30 cm. The lowest mode frequency determined from the noise

recorded near the bottom side is 6.94 kHz, which, when measured by the pulse method using

concrete velocity Vp = 4150 m/s in accordance with the Formula (3), gives almost the same

thickness of 29.9 cm.Figures 4 and 5 show the distribution of the lowest mode frequency over

the surface of the investigated slabs according to the results of measurements in 2019 summer

and repeated measurements on the same slabs in 2020 summer. It can be seen from the

figures that in some zones of the slabs adjacent to their ends, an approximately two-fold

increase in the frequency of the lowest mode is observed. This indicates that in these zones

the contact of the slab with the base is broken (a washout has formed) or there has been a

significant decrease in the rigidity of the base soils. As a result, the standing wave frequencies

in these zones are determined by Formula (1), in contrast to zones where there is a more rigid

base under the slabs, there these frequencies are determined by Formula (2). Weaker

frequency fluctuations are probably related to the heterogeneity of slabs in thickness or

changes in the concrete properties.Fig. 4Frequency distribution of the lowest mode of standing

waves on the concrete slab surfaces of the upper (a, b) and lower (c, d) rows (2019

summer)Fig. 5Frequency distribution of the lowest mode of standing waves over concrete slab

surfaces of the upper (a, b) and lower (c, d) rows (2020 summer)It should be noted that Figs.

4a, b and 5a, b shows the results for two adjacent slabs from the upper row to which other

slabs also adjoin from below, and Figs. 4c, d and 5c, d, results for two slabs from different parts

of the lower row under which there are no other slabs. This difference is manifested in the fact



that in the second case immediately near the lower edge of the slabs, there is also a two-fold

decrease in the lowest mode frequency of standing waves, which is obviously associated with

the gradual washout of a part of the foundation soil in these places.Comparing Figs. 4 and 5, it

can be seen that over the year, the size of anomalies observed earlier increased as well as

new although still small, high-frequency anomalies have appeared. This indicates further

erosion of the soil under the investigated “problematic” slabs fastening the upper slope of the

Novosibirsk hydroelectric station. Thus, the results of the experiments showed that the method

of standing waves based on recording acoustic noise signals can be successfully used for

diagnosing and monitoring the slope fastenings quality of the embankment dams and levees.4

ConclusionUsing Novosibirsk Hydroelectric Power Station as the study object, the possibilities

of using the standing waves method for detecting voids and soil decompaction zones under

concrete slabs fastening the slopes of the embankment dam and levees are investigated.

Experiments have shown that the accumulation of amplitude spectra of noise records allows

one to confidently determine the natural frequencies of standing compressional waves

generated by noise in concrete slab fastenings. A sharp increase in the frequencies of standing

waves, in particular their lowest mode, is an indicator of the appearance of voids under the

slabs or decompaction of the base soils.The proposed standing waves method makes it

possible to reliably diagnose changes in the concrete base soils of the concrete slabs fastening

the slopes of the embankment dams and levees, in particular, to identify the voids formed and

loose soils zones. The performance of the method when searching for defects and the

reliability of their detection are competitive in comparison with other methods used to solve

similar problems.AcknowledgementsThe availability of the obtained data is limited by the
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