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PaccmaTpuBaroTcst pe3ynbTaThl HaTYpHBIX HaOMNIOJCHUH 3a BUOpanMsMH BOJOCIMBHOHN IDIOTHHBI JKHUT'yIeBCKOTO
THIPOY3J1a, HIOBEPXHOCTH TPYHTA U XKUIBIX JOMOB, PACIOIOKEHHBIX HA OKpPYKAIOIIed TEPPUTOPUH, HPU Pa3IUYHBIX
pacxomax M pa3MYHBIX CXEMaxX IPOIycKa I1aBOAKa. AMIUIUTyNa BHOpAlUi KaXKTAOW CEKIMH IIOTHHBI HPSIMO
MIPOTIOPIIMOHANbHA YAEIBHOMY PacXoay BOJbI, COpackIBAEMON Yepe3 CEKLUIO IJIOTHHBI, U c1abo 3aBHCHUT OT PEKMMa
nporycka naBoaka. OOHapykeH (akT caMOCHHXPOHHM3AIMU KOJEeOaHWH OTHAENBbHBIX CeKUWi rroTuHbl. [Ipm sTom
IUIOTMHA HAYMHAET J[BUTATHCS KaK €IUHBIN JKCCTKHM IITaMI Ha YIPYIOM OCHOBaHHHM, a KoJeOaHHS MOBEPXHOCTH
IpyHTa Ha (UKCUPOBAHHOM PACCTOSHHM OT IUIOTHUHBI PE3KO yCHJIMBAIOTCs. [IpencraBieHbl pe3ysbTaThl H3MEpeHHH
BUOpaLMii JOMOB Pa3HOW KOHCTPYKLHHM Ha Pa3HOM PAacCTOSHUM OT IUIOTHHBI. BBIsBIIEHAa 3aBUCHMOCTH MapaMeTpoB
BUOpALMH OT PEeKUMa MPOIYyCKa MaBOAKOB. JlaHbl peKOMEHIAIMU 0 CHWKEHHIO BUOpauuii 1oMoB. OnpelnesieHsl
napaMeTpsbl MaBOJIKOB, IIPH KOTOPBIX BUOPAIMH JIOMOB IIPEBBICSAT CAHUTAPHBIC HOPMBI.
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The paper discusses the field observation results of the vibration of the spillway dam Zhiguli hydroelectric station,
the ground surface and residential buildings located in the surrounding area at various flood discharges and various
schemes of flood evacuation. The amplitude of vibration of each section of the dam is directly proportional to the
specific consumption of water discharged through the section of the dam and weakly depends on the mode flood
evacuation. It is discovered the fact of self-synchronization of the oscillations of the individual sections of the dam.
The dam begins to move as a single rigid stamp on the elastic foundation. Oscillations of the ground surface grow
sharply at a fixed distance from the dam. The paper presents the results of measurements of the different designs
houses vibration at different distances from the dam and the dependence of vibration parameters from the floods skip
mode. There are recommendations for reducing houses vibration. The research defines flood parameters, in which

homes vibration will exceed health standards.

Key words: seismic effects, self-synchronization of oscillations, vibrations, spillway, Zhiguli waterworks, sanitary norms.
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1. Introduction

Significant houses vibration in the left region of town
Tolliatti (Samara area, Russia), adjacent to the dam
Zhigulevskaya HPP on the river Volga (Fig. 1) was
found in the spring flood of 1979. The tenants of the
upper floors of the 9- and 14-storey houses, separated
from the dam for 24 km, were the first who felt this
vibration. It was also suggested that vibration of
buildings and cracks in the cladding of buildings
associated with passage through the hydro system high
flooding. In order to test this assumption and search
measures to eliminate or reduce the observed vibrations
there have been conducted field, laboratory and

Matrozov étr.

-
-

reservoir

computational research, reflecting conditions floods
1979, 1980, 2005 and 2006 years. The main result of
these studies is that under certain conditions the
fluctuations in the individual sections of the dam on the
General soil Foundation synchronized the dam begins to
move as a single stamp with a large characteristic size
equal to the length of the dam [1]. The radius of the
attenuation vibrations zone from a vibration source is
proportional to the size of the stamp, so increasing the
current size of the stamp area perceptible vibrations
propagating from the hydro system, growing and
covering many houses. Choosing the scheme of
maneuver gates of the dam, you can reduce the danger of
oscillations synchronization in the low pass floods.

———,

=2 Nosov sir.

*l-v-s":-.n-nhp-u-un:u-

Fig. 1. The scheme of the waterworks and left surveyed houses

The composition of the basic structures
Zhigulevskaya HPP includes Spillway Dam (SD); power
house with Trash Construction (TC); groundwater dam
and levees; shipping gateways. The power house is
located on the right Bank and consists of 10 sections. In
each section there are two units and four bottom of the
spillway. The concrete spillway dam (SD) is located on
the left Bank floodplain of the river Volga. Alluvial
Sands with layers of clay and loam is overlain at the base
of the dam. Alluvial deposits are underlain by
indigenous clays. The concrete spillway dam Zhiguli
hydroelectric station has a spread profile. The length of
the dam is about 1009.2 m. Spillway front of the dam
consists of 19 sections (38 spans of 20 m) and designed

to permit 40300 m’/s when the level in the reservoir at
elevation 53.0 m. Section of the dam has a length of 52
m (the length of the side sections 62.6 m), the width of
the sections 58 m. Weight of standard section is 98000 t.
The main energy of the flow is extinguished on tread
water fight, which consists of two parts. The first water
fight is a reinforced concrete slab size 52 x 26 x 5,6 m.
Two rows of power dissipaters and water power
dissipater in form wall with trapezoidal cross-section are
located on the stove. The second water fight is made in
the form of plates with a thickness of 4.5 m at the end of
which the second water wall is located. Expansion joints
are located across 26 m in length plate.
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The bottom of the concrete dam and left the village
are alluvial sandy sediments with gravel-pebble layers.
Confining bed lies at a depth of 40-50 m; groundwater
level in the residential district is located at a depth of 15-
20 m from the ground surface. In the Nosov Street it is
significantly higher at a depth of ~ 1.0 m.

Each section combines two spillway span of the light
20 meters. The head on the crest of the Weir at normal
reservoir level (NL) is equal to 9.5 m. Throughput of a
single span with NL depending on the shutter:

Opening, m 0.5; 1.0;1.5; 2.0; 2.5; 3.0; 3.5; Full.

Flow rate, m’/s 81;165; 252; 335; 420; 500; 579;
1000.

The water fight dams are devices for absorbing
energy in the form of checkers against medium spans
and low wall against extreme. Specific consumption of
water on the apron in the estimated flood is 40 m?/s, the
local maximum up to 52 m*/s. To ensure reliable energy
dissipation and flood hydraulic jump downstream of the
dam under all operating conditions schema damping in
the form of two rows of checkerboard are applied.

Plate water fight, lying on the wet ground, is narrow
resonance system and can draw energy fluctuations with
relatively small effects. Due to these fluctuations, the
surface elastic waves arise and spread in the Foundation
soil. These waves are involved in the oscillations of the
other water boards, the spillway section of the dam, earth
structures and coastal samples. Elastic waves
propagating from the base of the dam cause fluctuations
in residential buildings, situated on the left Bank of the
Volga in 2-3 km from the dam (Fig.1).

In 1979-80 flood passage was carried out according to the
following schemes.

Scheme 1. Even the opening of 3.5 m; 2,5 m; 1.0 m and 0.5
m — modes No. 2, 6, 13 and 14, the flow through the dam Q =
25200, 11200, 3900 and 1920 m’/s). The numbering of the
sections is from the right Bank.

Scheme 2. The concentration of spending on the narrow
front of the dam near the right Bank (subject to the current

instructions for maneuvering valves, developed from the
condition of minimum deformation of the riverbed downstream)
—modes No. 3, 7, 10 (Q= 17500, 11066, 5730 m’/s).

Scheme 3. Water discharge private jets, spaced across the
width of the spillway front — modes Ne 4, 5, 8, 9, 11 (Q= 15980,
16690, 7900 and 5730 m’/s). The distance between the jets in
these modes varied from 2 to 10 spans (from 52 to 260 m).

The distribution of expenditures on the front of the
dam in the experimental schemes 2 and No. 3 aims to
reduce vibration of the dam and its influence on the left
Bank of the buildings either due to the distance of the
main source of vibration or due to the differences of the
oscillations phases of the dam sections and the water
fight, loaded uncorrelated jets.

The vibration of the dam was measured mainly in the
postern. Vertical component of movement is recorded. In
mode No. 2-5 measurements were carried out in two
basic points (sections # 3 and # 10) and one variable, the
following successively the numbers of sections
(numbering from the right Bank). In mode No. 8-14 the
oscillations were recorded simultaneously in seven
points (three elementary and four variables). Account of
the free soil fluctuations was carried out along the cross-
section of the dam at distances of 1.5; 4.0 and 5.5 km
from its center. On the open ground and in the postern of
the dam the simultancous recording of vertical
displacements for mode No. 5. 10-15 m from buildings
was carried out and on the upper floors three
components of velocity shifts in modes No. 2 - 5 and No.
14 were recorded.

When skipping floods of 2005 and 2006 vibration
studies conducted for eight schemes open spans SD from
0.5 to 3.5 m, the relative costs of the sections ranged
from 6.1 to 29.7 m%/s. Total expenditure SD was within
10660-16096 m’/s

Check of SD vibration was carried out on sections 1,
5, 10 and 15, at three points along the height of the
section (Fig. 2):

max 43.2 m
b

L4

Fig. 2. The point of vibration measurements on sections of the spillway dam

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015

¥ ISIAEE
7

MexAayHapoAHbIN Hay4HbIN XypHan
«AnbTepHaTMBHas 3HepreTUKa U 3KONOrus»
© Hayu4Ho-TexHu4eckui ueHTp «TATA», 2015

Ne 01 (165)
2015

w

Ih

N7
i

SPACE

ey

MewdyHapodHeil usdamensckul dom Hay4yHol nepuoduku "Cnedc”



\.‘ ! '?f
SPACE

)

FRY

International Publishing House for scientific periodicals “Space”

Boso6HoBnsiemas aHepreTuka. Manas asudpoaHepeemuka

Fluctuations houses were recorded synchronously in
three points: 1 - on the first floor, 2 - on the last floor;
3 - on the ground 10 meters from the house.

Fluctuations houses were recorded in three main
areas: X is along the short side of the house (the lowest
hardness), Y - along the long side of the house
(maximum rigidity), Z - vertical vibrations.

Ground vibration outside the SD was recorded five
points in the direction of the investigated houses
residential area (Fig. 1):

So 1 - 600 m from the middle of the SD; So 2 - 1300
m from the middle of the SD ; So 3 - 3260 m from the
middle of the SD; So 4 - 2360 m from the middle of the
SD ; So 5 - 1900 m from the middle of the SD.

The order and size of the gate opening SD were
assigned according to the results of previous studies -
field (2005, 1979-1980 years), model and calculation at
constant flow rate SD16000 m’/s.

In option 1, the concentrated discharge was
performed three fronts with a maximum opening at 3.0
m spans in sections 7, 8, 11, 12, 15, 16. The flights left
sections 2 and 3 are open at 2.0 m section 1 - 1.5 m.

In option 2, the discharge was carried out three fronts,
but the spans of sections 8, 12 and 16 opened at 3.5 m.

In option 3, the concentrated discharge was carried out
four fronts with a maximum open span 3.0 m. Spans
sections 4, 5 and 6 were opened at 2.5 m, and sections 1 and
2 by 1.5 meters. This option is open bays of the spillway of
the dam closest to the uniform scheme opening.

In all three embodiments, the spans of the left Bank
of the sections, in accordance with the recommendations,
were opened at a lower value.

2. The Vibration of the Dam

When water flow pass through SD basic
hydrodynamic loads associated with exposure to turbulent
flow occur on the plates of the water fight due to pressure
fluctuations on the surface of the plates. Changes in
pressure pulsations along the length of the water fight are
such that the main share of the pulsating load is
concentrated on the first plate of the water fight. Due to
the averaging of the load on square plate range of total
load is significantly lower dominant frequency of the
pressure pulsations in the points. Major fluctuations in the
spillway section of the dam are associated with the
passage of ground waves from the water boards and the
adjacent sections. Consideration of the waveform and
correlation analysis showed that the vibration separate
section combines the features of a random stationary
process and unsteady beating with an almost constant
period. Fluctuations beats due to the fact that the plates of
the water fight and sections of the dam are connected
through the subgrade and have similar natural frequencies.
Displacement of vibration any section is closely
associated with a specific flow rate discharged through
this section. The open mode of the remaining sections of
the dam has relatively small effect on the oscillations of
the considered section. Influence of the mode of opening
of the dam gates maximum at the highest unit costs,
however, in the considered range of cost changes it in any
case does not exceed 15 % (Fig. 3).

I

[

]
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RMS vertical displacement, micron
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4;50 3
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Fig. 3. The impact of specific consumption standards vertical vibration of the dam
Measuring 1979-60. The numbers of points - number of modes
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A straight line on Fig. 3 is described by the formula sections during the initial period of operation were
recorded in 1957 and amounted to: Z' = 25,8 pk at q =
'=-1,9+0,8q, 36,2 m*/s and the coefficient of flooding hydraulic jump

downstream of the dam = 1,1. The results of the RMS
here Z' is the root mean square value of the vertical estimates vibration of section No. 10 research 1957-60
displacement of the sections (uk), q is measured in m%/s.  and 1979-1980 years are shown in Fig. 4.
The highest standards of vertical vibrations of the dam

Z', mk o

20

>0

=

(1] A 10 20 } 30

q, m%y

Fig. 4. The dependence of the standard vertical vibration section 10 of SD from specific consumption on the crest
1 — early measurements (1957-60), 2 — results from 1979-80 years

Standards of vibration of each section are closely measurement standards vibration of the dam. As you can
related to the magnitude of the flow discharged through see in 25 years (after 1980) properties of the oscillating
the section. Figure 5 contains the results of all system "Dam-Foundation" almost has not changed.
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Fig. 5. The dependence of the standard deviations (RMS, pk) vertical displacement of the sections SD
from specific consumption section. Summary of results.
1 - section 10 (1957-1960); 2 - sections 3, 10 (1979-1980); 3 - sections 1, 5, 10, 15 (2005); 4 - section 10 (1957-1960)%
5 - sections 3, 10 (1979-1980), 1, 5, 10, 15 (2005)
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Comparison of measurements made for 20 years, in
the previous period (1960-80), shows a slight increase in
the effective stiffness of the system - standards vibration
became significantly lower. The dependence of the

maximum magnitude of vibration of the individual
sections from the corresponding specific consumption is
less stable (Fig. 6).

the opening of the gate, m
05 1 15 2 25 3 35 Aull
mk B —o—
2Amax ‘ |
] } | / "2
100 [ | J: :; e .
o
1! I! / [ :
T | FaNrs
g 7
O ow
50 - $ 4 &
{ & .
E BJ/J; i F A
F ¥ ou
O
| R T]
] : ] _|_ q,uz.h.'z
0 5 10 15 2025 30 35 50 559 m*/s

Fig. 6. The average value of the amplitude of the vibration (2A..x - the difference between the maximum and minimum
of vibration displacement) sections of the dam depending on the specific consumption of water
through the section under different regimes of water passes through the dam. Non — label ingregimes

The scatter of results is significantly greater. This
means that when the same specific discharge in the
section, but with different modes of opening of the dam
gates distribution functions of vibration (and
fluctuations) can be significantly different. Figure 7
shows the results of calculations of the average (24,4
and RMS (24,,,.) the magnitude of oscillations of the

mk

1001

14 13 1. ... 8
9,10,11,12

o,

dam depending on the total flow of water through the
dam.

Here:
2Amax =X (2Amax)i/N:
2Amax=\/2 (2Amax)2i/N s
where N is the number of blocks of the dam.

o—=te
(¥

e

Q_’ II13a'rS

15 20 25 x103

Fig. 7. The dependence of the averaged magnitudes of dam vibration 2A,,.x as the function of flow rate Q through the spillway dam:
empty points - 2An.x the maximum magnitude of vibration taken by sections of the dam, averaged along the dam; black points - 2Amax
RMS value of the maximum magnitude of vibration, averaged along the dam. Non — label in regimes
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The amplitude of oscillations depends on the
allocation of consumption across the front dam.
Qualitatively this result is explained by the fact that
various recognition modes of consumption change the

correlation between fluctuations in different sections.
Self-synchronization of the oscillations of the individual
sections is often observed with a uniform distribution of
flow (Fig. 8).

Fig. 8. Some examples of sin-phase oscillations of the dam sections

Uneven opening of the gates reduces this effect. In
this case, the correlation between the fluctuations of the
individual sections of the dam is relatively small. The
correlation coefficient does not exceed 0.5 even for
adjacent sections. On the mutual correlation function of

Rapm
] w10

ni

a5

the vibration sections No 9 and No 10 we can clearly see
oscillations corresponding to the natural frequencies of
the fundamental tone, and, most importantly, visible
oscillations of the type of beats detected during visual
analysis of the records (Fig. 9).

Fig. 9. Mutually correlation function of adjacent sections of dams No. 9, 10. Mode 2

These features of the movements were identified and
the autocorrelation functions of the vibration section 10
in different modes (3 and 6). With a uniform opening of
the dam (modes 2 and 6) the period of oscillations of the
section is about 0.6 s (frequency about of 1.66 Hz).
When a concentrated discharge through the spillway
section (3), the period of oscillations of slightly

increased (to  0.65). The appearance of the

autocorrelation function does not change much, because
the beats are saved due to fluctuations in the neighboring
sections. Measurement of the vibration sections of the
dam, completed in the spring of 2005, showed that the
normalized vibration spectra of different sections of the
dam have very similar form irrespective of the value of
specific consumption of water discharged through the
section (Fig. 10).
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Fig. 10. The original (left) and normalized spectra of vertica
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| oscillations of neighboring sections (1, 2 and 3) of the dam

on the measurement at 2005 year. The normalized one was made by dispersion. Flow discharge throw SD 15400 m¥s.

1 - section 1 (gates section open at 0.5 and 1.0 m),

2 - section 2 (gates section open at 1.5 and 2.5 m),

3 - section 3 (gates section open at 2.5 and 2.5 m)

Mode change flood evacuation little changes the
shape of the vibrations spectra.

Studies conducted in 1957-1960 showed that when the
water discharge through one span of the period of
oscillations of the section corresponding to the maximum
spectral density was about to 0.65, which corresponds to a
frequency of about 1.5 Hz. Comparison of the frequencies
shows that after 20 years of operation of the hydro system,
the rigidity of the base has increased by about 20% (change
frequency from 1.5 to 1.66 Hz (10%) is equivalent to the
change in the elastic modulus at 20%). This trend is
consistent with the results of the comparison of the

- X [
*

=

vertical displacement, 10° m

-3,0E- -2,0E- a0

horizontal displacement, 10°

standards of the vibrations shown in Fig. 4, 5. Over the past
period of irreversible deformation structures were not
observed. Therefore, a detectable increase in dynamic
stiffness can be associated with an increase in stiffness of
the pore fluid, for example, by dissolving gases available in
the initial period.

The base of the sections moves predominantly in a
vertical direction and may slightly rotate around a
horizontal axis perpendicular to the flow. This can be
judged by the trajectories of the movements of the
characteristic points of the profile of the dam - dry tunnel
in the dam (“poterny”) and the top of the calf (Fig. 11).

*

1. 2, 3. 4, 5,

5111

Fig. 11. Trajectory section 5 VSP. Motion 2 sec. Mode 6.Point 1 - on the bull at level 59.15 m, point 3 - in the dry tunnel
at level 27.50 m. Gates section opened at 3.5 m
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On the basis of the obtained materials, you can make
the following conclusions.

1. The amplitude of the individual sections of the
dam is almost determined by the specific consumption
discharged through the section;

2. When the maximum specific consumption of
standard vibration section can reach 20 MK a reset of
the flood affects the phase relation of the oscillation
sections: under uniform discharge flow possible self-
synchronization of oscillations, uneven reset possible
mutual damping of the oscillations. These effects can
cause variation in the standard vibration separate
sections, not exceeding 30% of the maximum assessment
standard (= from the mean). Increase (or decrease)
standard vibration by matching or mismatch fluctuation
will not exceed 6 MK;

3. A more important result of self-synchronization of
may be changing of
propagation of the disturbances from the dam. When
non-synchronous  vibrations  sections of these
perturbations decay at a distance of 4+5 characteristic
size of the partition, i.e. at a distance of about 0.3 km In
the case of self-synchronization of oscillations
corresponding distance will increase 19+20 times!

oscillations the conditions

The same form of the spectra of the different sections
can mean the following:

- each section is a linear dynamical system and has
the same dynamic characteristics (the same sharply-
resonant transfer function);

- all sections move as a single unit with a single
dynamic characteristic;

- each of the previous option are not constantly, and
in some periods, the relative duration of which depends
on the mode of admission of water through the dam as a
whole (from the schematic maneuvering gates).

Considering the distribution of fluctuations outside of
the dam, torsional vibrations of the base sections can be
ignored. Thus, we can restrict the study of the vertical
motion of the rigid stamps on the elastic of saturated base.

3. Soil Vibration Outside of the Dam

The emergence of in-phase oscillations of the dam
with a maximum amplitude means, in certain intervals of
time duration of 1 +4 period of oscillation of the dam
(section and the water fight) varies as a single stamp;
while the length of such a stamp depends on the nature
and form of elastic waves. With a uniform opening of
the gates at the front of the dam in the soil the
intermittently plane wave may occur, which is not reborn
in spherical up approach to residential homes. As is
known [2] that is, if the distance from the source of
disturbance does not exceed three lengths of the stamp.
With the decrease in front of the big discoveries of the
waves in the paddles ground up approach to residential
homes acquire a spherical shape and heavily damped.
When discoveries in mode 3 (a private jet), the two ones
go three sources creates a two (or three) basic spherical
waves, interfering respectively phase states at the point
of the meeting. Measuring oscillations of the ground
surface are produced about houses and free undeveloped
territory.

The nature of the process fluctuations in soil with
distance from the spillway of the dam varies from quasi-
stationary random until sinusoidal fragments. Spectral
analysis of the speed fluctuation of the soil showed that
the spectrum is quite wide from 1.1 to 2.5 Hz. However,
the main vibrations are at a frequency of 1.5 to 1.6 Hz.
At distances from 1.5 km to 5.5 km from the dam (on its
axis) transversal and longitudinal components of ground
displacement are almost the same. 1.5 km from the dam
standard velocity of the soil amounted to 0.06 mm/sec.
In the area of residential houses intensity of ground
vibrations decreases in 2 times - up to a 0.035 mm/s. The
highest vibration levels are recorded here for mode 2
(scheme 1) - V ' = 0.042 mm/sec, at least pass flow
0,016 mm/s. Here V’ is the
standard (RMS) horizontal components of the velocities
vibration of the soil. Vibration spectra of soil at different
distances from the dam is very similar to the spectra of
fluctuations of the dam (Fig. 12).

scheme 3 mode 5 - V'
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Fig. 12. Vibration spectra of the soil at different

The damping of the surface of an elastic half-space
fluctuations hard (and flexible) dies of various shapes
has been studied in detail both theoretically and
experimentally [2]. It is established that the decrease in
the amplitude of oscillations of the surface of the pound
as the distance from the stamp can be described as

Z’

'
z 0

-y
x

— | or logz' =C- ylogx,

(2[) 2 ylog

where 2/ is the width (or length) of the stamp, x is the

distance from the center of the stamp; the exponent

depends on the form of a stamp in the plan and spectral

distances from the dam on the measurement 2005

composition fluctuations, in the
0,5<y<2.

Figure 13 presents the results of measurements of
standard oscillations of the ground surface speed, held at
distances of 1.5 and 4 km from the centre of the oscillating
four sections of the dam along its axis in mode 3 (empty
points) scale I. It is also shown the results of
measurements published in [3], in the propagation of
vibrations from one section of the dam (black points scale
I0). For line I (synchronous oscillations partition groups) y
is a little more than 0.5, and for the line II (oscillations of
one section)  is close to 1.

remaining range

z
z'_.
o data 2005 year
\ ® _ data 1979.B0years
a]
04
\\ 11
Fig. 13. Relative values of displacements RMS at
different distances from the source 2
X\l&
- \\
01 I~
03 ! : N8 5 s
0.l 02 03 0.4 05 06

0.05

1 I 1 i L |

the distance from the source of vibration, km
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The reduction of vibrations on the order of
magnitude (10 times) fluctuations in one section takes
place at distances of ~ 0.3 km, and with variations of the
dam as a whole (or large part) - at distances up to 6 +~ 7
km. Figure 14 shows the spectral density of fluctuations

in the speed of the ground at a distance of 1.5 km from
the dam from measurements of 1979-80. The maximum
of the spectrum is observed at a frequency of about 1.5-n
1,6 Hz, which corresponds to the frequency of natural
oscillations of the sections of the dam.
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Fig. 14. The normalized spectrum of the vibration of the "free" ground 1.5 km from the centre of the dam. Mode 3 in 1979-80 years

4. Houses Vibration

In 1979-80 the researchers surveyed four 9-storey
panel building and one 14-storey frame-panel house in
the area of residential development, located on the left

Bank of the Volga in the 2 and 4 km from the dam. In
2005-2006 they surveyed four houses, two houses are
located upstream of the hydroelectric station and two
houses in the downstream. The main characteristics of
the surveyed houses are shown in table 1.

Tablel
The main characteristics of the surveyed houses

o] Do ron [STEme T re [ oy | s

the middle of VSP, m system houses floors in the planm

21,30 2825 Largely 158.5x11.5
Matrosov Street, top pool the panel 9 133x11.5
92 Murysev Street 2357 153.5x11.5
73, 79 Chaykina Street 3050 top pool Brick 14 38.0x16.0
32 Kuibyshev street 2340 lower pool The panel 16 45.6x17.6
21 Nosov Street 2950 lower pool Brick 14 60.0x18.0

The source of houses vibration is intense fluctuation
structures spillway of the dam. This conclusion is made
on the basis of the following observations:

* the occurrence of vibration of the houses and the
greatest movement of the upper floors coincide with the
beginning of the flood and its peak;

« the reduction of the homes vibration level coincides
with the reduction of the flow through the dam;
fluctuations in soil attenuate with distance from the dam;

* synchronous recording of the vibrations of the dam
and soil (about the house on the Nosov Street) showed
that in periods of self-synchronization of oscillations
sections of the dam dramatically amplify the vibrations

of the soil around houses (with some phase shift
corresponding to the time lag of surface waves).

Fibro epithelial buildings in areas of higher
seismicity showed that the elastic line of the vertical
cross sections in most cases either does not have any
distinct patterns, approaching straight, or is characterized
by the presence of double curvature with the concavity at
the bottom and convex at the top of the building.

House No 30 on the Matrosov Street was examined in
detail. In this house, and a 9-storey house on the Nosov
Street the researchers registered the speed of oscillation of
the first and ninth floors and ground 10 m from the
building on all three components - vertical Z and
horizontal, the length and breadth of the building, Y and
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X. the Vertical oscillations are virtually unchanged from
the first to the ninth floor. The greatest move makes the
9th floor in the plane of least rigidity home - XY. The
fluctuations are kind of beating with the main frequency
of 2.1 Hz and the period of the beating 3-6 sec.

The oscillation in the plane of least stiffness ratio of
the maximum amplitudes on the top floor and at the base
was about 5. House No 30 on the Matrosov Street, due to

MWWWV\/V\/UWM f\/\/\/\/v\/\—fw/\}ﬂ

the low damping, had the highest ratio of dynamic to 9.5.
The magnitude of the movements in this house on the
9th floor was reached 165 pk (Fig. 15). On the records of
the fluctuations of the ninth floor, it can be seen that the
vertical tremor with a frequency of 1.4 Hz precedes by
the resonant buildup of the building in the direction of
least rigidity.

Fig. 15. Horizontal oscillations of the 9th floor of a residential building: street Matrosov

Analysis of the oscillations of the first and last floors
of surveyed houses showed that the construction of the
houses is a narrow resonance system, oscillating on its
own bending frequency in the plane of least rigidity.
These frequencies for the 9-storey houses were 2.2+2 Hz
(Fig. 16), 14-storey house of 1.35 Hz. In addition, there

is a large contribution to the variance of the
displacements at frequencies of 1.5 and 1.8 Hz. Can
assume that 1.5 Hz is the predominant frequency of

ground vibrations, and 1.8 Hz is one of the frequencies -

of torsional vibrations in the house.
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Fig. 16. The normalized spectrum of the vibration of a dwelling house (9th floor of 30 Matrosov Street)

The main several factors which affected the houses
of on the level of vibration are:

- the total flow through the dam;

- diagram of the opening gates, which determines the
size of the stamps, generating waves in the soil, different
decaying with distance;

- the proximity of the frequency of exposure and the
natural frequencies of the house.

The intensity of the vibration houses, as can be seen
from Fig. 17, decreases with decreasing flow through the
dam for different buildings in different ways. The
highest bond vibration reducing consumption - the house
number 30 on the street Matrosov.

g ‘modes « sy 2
g ] ]
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Fig. 17. Change in the vibration level of the upper floors
of residential buildings with change of flow through the dam
1- Matrosov, 30; 2 - Matrosov, 21; 3 - Nosov, 21; 4 - Muryseyv,
91; 5 - Chaykina, 73
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The most optimal variant of the water discharge is
according to the scheme of mode 2 with the
concentration of flow in 2+4 spans, the most remote
from the left coast.

According to the Sanitary standards of allowable
vibration in residential buildings, which operated in the
USSR, the level of vibration velocity on the average
frequency of the active strip 2 Hz should not exceed 79
DB or 0.45 mm/s.

In the case of unstable vibrations, the amplitude of
which varies by more than 40%, the acceptable level is
reduced. Recording of houses vibrations shows that the
vibration of the houses should be classified as unstable
(changing over time) for which a valid RMS speed is
0.14 mm/s.

Figure 17 shows the standards of fluctuations in the
speed of the upper floors movement of the various
houses in various modes of operation of the dam. The
top line estimates the value of standards in the most
disadvantaged homes under unfavourable regimes, the
bottom line is the same in optimized mode maneuvering
valves. As can be seen from Fig. 17, the allowable
vibration level will not be exceeded when the total flow
through the dam, less than 12 000 m’/s in almost any
scheme of maneuver gates (to the extent permitted by the
existing instructions for maneuvering).

When spending over the dam, large 16000 m’/s, there
will be houses in which fluctuations exceed the sanitary
norm even with optimal maneuvering.

In the flow range from 12000 to 16000 m*/s optimal
maneuvering valves can enforce sanitary standards in
almost all homes of Tolliatti.

When the size of the stamp modeling the dam is
1009x52 m?, a forbidden area for the construction of a 9-
storey buildings, located parallel to the target dam, is
drawn from the center of the dam with a radius of 4.6 km.
The restricted area for the construction of a 9-storey
buildings, located perpendicular to the target dam, is
drawn from the center of the dam with a radius of 3.7 km.

A similar zone for the construction of S5-storey
houses are, respectively, the radius of 2.5 km and 2.0
km. Radius exclusion zone for the construction of a 14-
storey building, square in plan, is 4.3 km.

5. Conclusion

Conducted systematic observations when skipping
floods through the Zhiguli hydroelectric station on the
Volga river permit to the following conclusions.

1. The vibration of each section of the dam when
skipping floods contains two components is directly
related to the flow of water discharged through the
section and causing pulsating hydrodynamic load, and
the component associated with the influence of
neighboring sections, ranging in total elastic Foundation.

2. RMS (standard) vibration displacement of the
individual sections of the dam is determined, mainly,
specific consumption of water discharged through this
section. Standard vertical vibration of the dam can reach

20 microns for the maximum specific consumption. The
reset circuit of the flood affects the phase relation of the
oscillation sections. With a uniform (or nearly uniform)
distribution of consumption across the front dam is self-
synchronization of oscillations at the frequency of 1.5 to
1.6 Hz. Uneven reset the optimized scheme of maneuver
gates may cause mutual damping of the oscillations.
These effects can cause variation in the standard
vibration separate sections, not exceeding 6 pm, a
noticeable change in the form of vibrations; a change in
the ratio between the maximum and the mean-square
displacements.

3. The most important consequence of self-
synchronization of oscillations is the change in the
conditions of propagation of the disturbances from the
dam. When the synchronized oscillations noticeable
vibration in excess of 0.1 from the vibration of the dam,
may there be given to a distance of 6-7 km from the
dam. Perturbations from fluctuations in individual
sections fade at a distance of less than 0.5 km

4. Changing characteristics of oscillations of the
sections of the dam and standards vertical vibrations
compared with the data obtained in 1957-60, shows the
increasing rigidity of the base of the dam.

5. The houses vibration in Tolliatti, was observed
during the flood passage 1979, associated with the
vibration of the dam. These houses vibrations do not go
beyond the limits of sanitary norms, when the flow
through the dam, less than 12000 m’/s, in almost any
scheme of maneuver gates (within the limits allowed by
the current instruction).

6. When spending over the dam in the range from 12
to 16 m’/s maneuvering valves can reduce the vibration
level of the upper floors of residential buildings up to
sanitary standards. Optimized circuit gate opening based
on the following conditions:

- the opening of the gates over 2 m to start from the
middle dam to the right Bank;

- reset costs in the discovery of more than 2 m should
produce concentrated, with a maximum unevenness of
discovery permitted under the current instruction for
maneuvering. The number of bays with the largest
opening on the site of concentrated reset should not be
more than three;

- concentrated reset is done on two fronts: the first
one is located in the middle span of the dam, the second
one is after 10 flights in the direction of the right Bank.

7. When spending the dam over 16,000 m’/s
maneuvering valves is ineffective. So inevitably there
will be houses in which the vibration level exceeds
health standards.
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HYDRO 2015 — 22-51 MeskIyHApOAHAS
BbICTABKA
U KOH(pepeHIUs 110 THAPOIHEPreTuKe

26.10.2015 - 28.10.2015
®panuus, bopao

MzpatensctBo  Hydropower & Dams exerogHo oOpraHHW30BBIBACT MEXKIYHAPOIHYIO
KOH(EpEeHLIMIO M0 THAPOIHEPreTUKe, B KOTOPOM y4YacTBYIOT BEIyILUE CIELUAINCThl OTPACiH,
TEXHUYECKUH, (DUHAHCOBBIA TIepcoHaN. 31eCh OOCYXTAIOTCS BOMPOCH], Kacarolluecs BcCeX
HaHpaBJ’IeHHﬁ Pa3sBUTHA U aCIICKTOB SKCIITyaTallu THAPOSHCPICTHYCCKUX coopymeHHﬁ.

B pamkax koH(epeHIuH NMPOBOAUTCS BbICTABKAa TEXHOJIOTHH, YCIYT U PE3yJlbTaTOB HAayYHBIX
MCCJIEOBAHUM B THAPOIHEPTETUKE € ydacTHeM 0Ko10 200 KoMITaHuUM.

Tembl ans HYDRO 2015 Gynyr Briitouyath B ceOs: TOCTHKEHHUS U MPOOJIEMBI JUIsl KPYIHBIX
PETHOHANBHBIX CXEM B Pa3BUBAIOIIMXCS CTpaHax, BaXXHOCTb YHUBEPCAIbHBIX pa3pabOTOK, pPoOjb
muHH-I'9C, obecrieuenne 6€30MacHOCTH BOI0OXO03HCTBEHHON MH(PACTPYKTYpPhl 1 MAaKCUMH3ALIHS
BBITOJl OT MMEKOIIUXCA DJJEKTPOCTAHUMN IIyTEM CBOECBPEMEHHOM PpPEKOHCTPYKLIHMHM U
MOJIEPHHU3ALUH.

Ceccun KoH(pepeHIH, KPYTJIble CTOJIbl U CEMUHAPhl OXBaThIBAlOT TEXHUYECKHE, (PHAHCOBBIE,
SKOHOMHYECKHE, JKOJOTMYECKHE W COLMAIBHBIE ACHEKThl THIPO3HEpPreTUKH. VHTepakThBHas
JIUCKYCCHS IPUBETCTBYETCS.

http://www.expoclub.ru/, http://www.hydropower-dams.com/
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