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CONSTRUCTIONS

ABSTRACT

At present most marine hydrotechnical structures
are constructed of concrete and ferroconcrete. When
designing and operating, special requirements are
imposed on them the main ones are: strength
characteristics; frost resistance; water resistance;
permissible degree of water absorption; crack
resistance; resistance to abrasion. It is known that
in the course of operation, all hydrotechnical
engineering structures are exposed to wind waves,
drifting ice formations, such as level ice, single
hummocks and hummock fields, as well as to seismic
loads. Sea water is an aggressive environment with
regard to concrete and ferroconcrete structures.
In addition, hydrotechnical engineering facilities
are in conditions when the water level is constantly
changing under the influence of certain natural
factors (overtaking, seiches, tides). At the same time,
surface and underwater parts of hydrotechnical
structures in winter periods are in different
temperature zones. The difference in temperature
along the height of the structure leads to the
occurrence of temperature stresses in the structures,
even with relatively small external loads. In the zone
of the variable horizon at negative air temperatures,
water penetrating into the microcracks leads to
the destruction of the surface protective layer
of concrete, and then the reinforcement. These
factors should be taken into account when designing
concrete and ferroconcrete hydrotechnical structures
of various functional purposes. In this work, an
analysis of the technical state of some types of marine
hydrotechnical structures in the Odessa region built
in the last century was made. Recommendations
were formulated to take into account the local ice
pressure, which is the determining factor for setting
design strength of concrete and ferroconcrete
structures. Recommendations for design were also
given.
KEY WORDS: concrete, ferroconcrete,
hydrotechnical constructions, wave and ice loads.
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OCOBAHBOCTI POBOTH MOPCBKHX
IrIAPOTEXHIYHHX CIIOPYZ 3 BETOHY TA
3AAIBOBETOHY
AHOTANIIA

BiAbIIICT MOPCBKUX TiAPOTEXHIYHHX CIOPYA B
AaHMi yac nobysosaHi 3 6eToHY Ta 3aAi306eTony. I1pH
IPOEKTYBAHHI 1 €KCIIAyaTallil 4O HUX IPeJ IBASIOThCS
ocobAauBi BuMoru. Y gaHiii poOOTI BUKOHAHO
AQHAAI3 TEXHIYHOIO CTaHy AE€AKUX THIIIB MOPCBKHX
rigpoTexHigyHuX cnopys B OgecbkoMy perioHi, moby-
AOBAaHUX B MHHYAOMY CTOAITTI. CopMyAboBaHi
pexoMmeHanii 3 OOAIKY AOKAaABHOTO THCKY ABOAY,
AKHUI € BUSHAYAABHUM IIPH HPU3HAYEHHI IPOEKTHOI
MiIfHOCTI O€TOHHHX 1 3aAI300€TOHHHUX KOHCTPYKIIA,
a TAKOK IpUBEJEH] peKOMEHAli 3 IIPOEKTYBAHHS.
KAIOUOBI CAOBA: 6eroH, 3anizoberToH,
ripOTexXHIYHI CIOPYAH, XBHABOBI 1 ABOZOBI HaBaH-
TaKEHHS.
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OCOBEHHOCTH PABOTDI MOPCKHX
TUAPOTEXHUYECKHUX COOPYXEHHUN U3
BETOHA H JKEAE3OBETOHA

AHHOTAIIUA

BOABIIMHCTBO MOPCKHUX THAPOTEXHHUYECKHX COO-
pyX<eHuil B HacTosAllee BPeMs IIOCTPOEHbI u3 bero-
Ha u xeAesoberona. IIpu mpoexkTupoBaHUU K HUM
HPeABABAAIOTCA 0cobble TpeGOBaHMSA, OCHOBHBIE U3
HUX: IPOYHOCTHBIE XAPAKTEPHUCTHKH; MOPO3OCTOM-
KOCTb; BO/JOHEIPOHMITAEMOCTD; JOIYCTUMAs CTEIEeHb
BO/OIIOTAOIEHUA; TPEHMIMHOCTOMKOCTD; YCTOMYHUBOCTD
nporus uctupanud. FapecTHo, uTo B mponecce sKc-
IIAYaTalUM, BCE THAPOTEXHUUECKUE COOPYKEHHSA T10/-
BEPraioTcsi CUAOBOMY BO3JAEHCTBUIO BETPOBBIX BOAH,
Apeiipyomux AeJoBbIX 06pa3oBaHNM, TAKHUX KaK POB-
HBIE A€/ AHBIE TOAS, OJUHOYHBIE TOPOCHI U TIOASL TOPO-
HIEHMS, 2 TAKKE CEHCMHYECKUM Harpyskam. Mopckas
BOJA SABASETCA arPECCHBHOM CpeJOd B OTHONIEHUH
6eTOHHBIX U KeAe300€eTOHHBIX KOHCTPYKnuii. Kpome
9TOrO I'UJPOTEXHUYECKHE COOPY/KEHHSA HAXOAATCHA B
YCAOBHSIX, KOT4a YyPOBEHb BO/JbI TOCTOAHHO MEHAETCA
110/ BO3J€HCTBUEM T€X UAH MHBIX TPUPOAHBIX PAKTO-
POB (CrOHHO-HATOHHbBIE SBAE€HUS, CEHIIU, IIPUAUBBI U
orAusbl). Ilpu aToM HagBOAHBIE U MO/JBOJHBIE YACTH
I'HAPOTEXHUYECKUX COOPYKEHUH B 3UMHHE IIePHO-
Abl BPEMEHHU HAXOAATCA B PA3AHYHBIX TeMIIepaTyp-
HBIX 30HaX. PasHuna temmeparyp 1o BbICOTE COOpY-
KEHUsA TPUBOAUT K BOSHUKHOBEHHIO TEMIIEPATyPHbBIX
HAIPAKEHUH B KOHCTPYKIIUAX JaKe€ TP OTHOCUTEAD-
HO HeOOABIINX BHEINIHMX HarpyskaxX. B 3one nepe-
MEHHOI'O YPOBHA IIPH OTPHIIATEABHBIX TEMIIEpATypax
BO3/yXa BOAA, IPOHUKINASA B MUKPOTPENUHDI, IIPHBO-
AUT K Pa3pylIeHUIO TIOBEPXHOCTHOTO 3alUTHOTO CAOS
6eToHa, a 3aTeM M apMaTypbl. DTH (GAKTOPBI CAECAYET
YIUTBIBATh IIPU NPOEKTHPOBAHNH T'H/APOTEXHHUYECKUX
COOPYKEHHUI PA3ANYHOrO PyHKITHOHAABHOT'O Ha3HAYe-
HUA u3 6eToHa U KeAae3ob6eToHA. B HacTosameil pabore
BBIIIOAHEH aHAAM3 TEXHMYECKOTO COCTOSIHUSA HEKOTO-
PBIX THIIOB MOPCKHX I'MPOTEXHUYECKUX COOPYKEHMIT
B O€eCCKOM pernoHe, MOCTPOEHHBIX B IPOIIAOM BEKE.
CpopMyAHpPOBAHBI PEKOMEHAAIUU TIO0 YYETY AOKAAB-
HOTO JABAEHUS AbJA, KOTOPOE SABASETCS OIPEAEASIO-
MM IIPU Ha3HAYEHUH HPOEKTHOH IPOYHOCTH GETOH-
HBIX U KeA€300€TOHHBIX KOHCTPYKIUM, 2 TaKKe IpHU-
Be/JCHBI PEKOMEH/AIUU 110 TPOCKTHPOBAHUIO.
KAIOUEBBIE CAOBA: 6eroH, keAe306€TOH, THAPO-
TEXHUYECKHE COOPYKEHHUS, BOAHOBBIE M AEJOBBIE
HArpPy3KH.

INTRODUCTION

Economic recovery of Ukraine is impossible
without the revival of industry. One of the most
important spheres in this field is the construction
industry and, in particular, marine hydrotechnical
construction. It unites sea and river transport,
shipbuilding and ship repair, protection of the
banks of rivers, lakes, reservoirs and seas, as well as
arrangement of offshore hydrocarbon deposits on

the shelf of the Azov and Black Seas.

At present most of the marine hydrotechnical
structures, including the structures of the
continental shelf, are constructed of concrete and
ferroconcrete. The operation of such facilities has
its own characteristics, which must be taken into
account at the design stage in order to ensure their
trouble-free operation during the estimated service
life. These features include: a constant fluctuation
of the water level, causing temperature stresses in
structures; force impact of storm waves, accompanied
by a negative air temperature splash icing; global
ice loads; local ice pressure; abrading effect of ice;
abrasion by weighted and bottom sediments, moving
currents and waves.

Regardless of the class of responsibility of
hydrotechnical structures of concrete and
ferroconcrete, special requirements are imposed
on the composition and quality of hydrotechnical
concrete such as: strength characteristics; frost
resistance; water resistance; permissible degree of
water absorption and linear changes when moistened
and dried; resistance to aggressive water; crack
resistance; absence of harmful interaction of cement
alkalis with aggregates; permissible degree of heat
release during hardening; resistance to abrasion by
water streams, bottom and suspended sediments,
as well as drifting ice formations in the zone of
variable water level. In the process of implementing
projects of hydrotechnical structures, it is necessary
to comply with the requirements for the composition
of concrete mixes, the quality of their manufacture
and the production of concrete works. Violation
of the requirements provided by the drafts and
recommendations of normative documents leads
to a reduction in the service life of the facilities
commissioned.

ANALYSIS OF THE LATEST
RESEARCH AND PUBLICATIONS

Specialists in various countries around the world
where hydrotechnical structures are designed and
built study the composition of concrete. These
hydrotechnical structures undergo the above listed
factors during the exploitation. The local pressure
of ice is the most important one. It is realized at the
initial moment of contact of drifting ice formations
with hydrotechnical structures. Calculated values of
local ice pressures at the design stage are decisive
when assigning a concrete grade of a particular object,
depending on the natural and climatic conditions
of the construction area. For this reason a great
attention was given to research of local ice in many
countries [1-5]. In the former USSR departmental
norms were developed [6]. Recommendations for
calculating the local ice pressure under the influence
of level ice were first presented in these departmental
norms. An analysis of these recommendations has
shown that they relate to the semi-local ice pressure,
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which can be realized with the area of contact of an
even ice field at its entire thickness. The local ice
pressure, which is realized in smaller areas, is much
higher than the maximum values of the semi-local
pressure recommended by these norms.

Based on the results of experimental studies
conducted on a freshwater lake during several winter
seasons, and also taking into account the generalization
of the data of other authors, recommendations were
developed for calculating the local pressures of ice
[7, 8]. They were included in the departmental
document [9]. Their use in engineering practice
will allow more justified designation of the brand of
concrete designed hydrotechnical structures.

THE PURPOSE OF THIS WORK IS: review
and analysis of the technical state of hydrotechnical
structures built in the last century; identification
of the main causes of premature destruction of
their structural elements; providing a method for
calculating the local pressure when exposed to
level ice on the vertical profile; development of
recommendations for the creation of concrete that
can successfully resist the effects of natural factors
throughout the life of water bodies.

MAIN MATERIAL

Within the framework of this work, bank protection
structures were surveyed in the city of Odessa.
Despite the fact that the structural elements were
manufactured in the factory, many of them are in an
emergency condition nowdays (Fig. 1).

An analysis of the technical state of shore
protective structures shows that the main reasons
for their destruction are low quality of concrete
and construction works. This fact led to intensive
destruction of both structural elements and structures
as a whole under the influence of the natural factors
listed above.

The photograph (Fig. 2) presents the technical
state of the active protection bank with concrete
structural elements.

In the zone of variable water level, the structure
was subjected to the power of waves and level ice, as
well as the temperature difference between water and
air.

When the drifting ice fields are affected by the
structure, local ice pressures arise at the initial
moment of contact of the ice with the structure, which
significantly exceed the ice strength parameter for
uniaxial compression. They are the cause of local
destruction of the concrete surface (Fig. 3, 4).

The poor quality of the concrete mix during
its laying lead to further destruction of structural
elements of hydrotechnical structures and in surface
parts during operation (Fig. 5).

The presented fragments of the technical state
of bank protection structures made of concrete
and ferroconcrete are in principle unacceptable for
marine hydrotechnical structures of a higher class

Fig. 1. The current technical condition of the coastal
protection structures of the passive type on the Odessa
coast (B. Fontansky cape)

Fig. 2. 'The state of the root part of the buna in the zone
of the variable water horizon

Fig. 3. The hummocking of an even ice field
on the shore protective structure of the sloping type
(PJSC Odeskabel)
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of responsibility [10]. A high class of responsibility
include breakwaters, dry docks, as well as offshore
structure that are operated in the open sea.
Currently, in the world practice in the construction
of offshore oil and gas facilities on the shelf of freezing
seas, various additives are used in concrete mixes
that exclude the destruction of ferroconcrete in the
zone of an alternating horizon under the influence of

£ VR

Fig. 4. Local fracture of concrete caused by local ice
pressure

Fig. 6. Ice-resistant stationary gas production
platform Troll-A in the North Sea, installed at
300 meters depth of water (Norway)

temperature differences (for example, in air -25°C +
-30°C, and in water + 2°C). In this case, tidal waves in
the seas reach several meters and occur daily (Fig. 6).

Such advanced technologies of the composition of
concrete and the manufacture of structural elements
in dry docks are, unfortunately, not available for our
country now days.

In Russia, with the construction of offshore fields
on the Sakhalin shelf of the Sea of Okhotsk on an
ice resistant ferroconcrete platform in the zone of
variable water level, metal bands of alloyed stainless
steel were used (Fig. 7).

An analysis of the technical state of marine
hydrotechnical structures showed that a number of
factors affecting the longevity of the structures were
not taken into account when designing them. The
main ones are the lack of recommendations in the
regulatory documents for assessing the magnitude
of the local ice pressure and temperature stresses
occurring in structures with significant temperature
differences.

The method for estimating the local pressures
of ice, depending on the initial area of contact
between ice and strength on uniaxial compression,
was developed on the basis of experimental studies
in full-scale conditions when hard stamps of various
sizes were introduced into natural ice fields [7, 8]. As
a result, recommendations were formulated and were
included in the departmental document of Russia [9].

In accordance with the recommendations of norms
[9], the magnitude of the local pressure from flat
ice fields and from the average consolidated part of
hummocks is determined by means of an empirical
relationship:

pizk'kv'kb,loc'Rc (1)
where k - is the coefficient: for freshwater ice
k = 1; for sea ice k = 1.164; k, - coefficient, taking
into account the rate of deformation of ice formation,
is taken in accordance with [8] (item 5.5, table 31);
ky, e - coefficient that takes into account the stress-

Fig. 7. Ferro-concrete ice-resistant stationary platform in
the Sea of Okhotsk
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strain state of ice in the zone of its contact with the
surface of the structure is determined by the formula:

2

1,12

k +0,56 | +0,93, (2)

b,loc —

4

h;

R, - ice strength for uniaxial compression, MPa.

In the same way, the local pressure from the
average consolidated part of the calculated hummock
formation can be determined. In this case, instead of
the design strength of an even ice field on a uniaxial
compression R, the integral strength of the middle
part of the field of hummocking or a single hummock
R, should be used.

CONCLUSIONS

1. Atpresent Ukraine is energetically dependent
country. To reduce this dependence, there
is an urgent need to develop promising
hydrocarbon deposits on the Black Sea shelf,
which are located at various depths of the
water. As the world experience shows, when
developing offshore deposits at moderate
depths of water, sea ice resistant platforms
made of reinforced concrete are used.

2. The design of any types of hydrotechnical
structures in accordance with the requirements
of the norms [10] should be carried out with
scientific accompaniment.

3. In the process of scientific support, due to the
relatively short time of the design stages, it is
impossible to solve the scientific problems on
the basis of which the recommendations of
normative documents are developed.

4. In the process of designing hydrotechnical
structures of various functional purposes
in freezing water bodies, it is necessary to
estimate the value of the local ice pressure
in order to justify the design strength of
concrete and ferroconcrete structures that will
be located in ice impact zones.

5. Researchers in the field of reinforced concrete
structures should develop new compositions
of concrete that would best correspond to the
working conditions of marine hydrotechnical
structures.

6.  Scientific research aimed at creating modern
regulatory documents for the design and
construction of concrete and ferroconcrete
hydrotechnical structures can not be carried
out without the financial support of the state
of Ukraine.
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