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Abstract. The article renders the research based on the use of criteria for choosing the optimal
design of a composite floating dock taking into account current standard requirements, which
enable developing recommendations for the design and construction technology of the dock.
There is substantiated the choice of the main parameters that make it possible to draw a gen-
eralized criterion for choosing the optimal designs of floating composite docks with account
for the best practices of their construction and operation, as well as the results of experiments
in the most difficult docking conditions. The system of criteria is used for controlling the
mass and strength of dock structures, a set of technical and economic issues, reliability and
ease of operation. A design of a composite floating dock with a reduced number of pontoon
frames is proposed. There, the reinforcement aiding local strength is installed on the outside
in the direction of the smallest span, and the reinforcement aiding general strength is installed
inside the element. Special features of installing the frames in the top deck of the dock are
described, and their absence in the concrete towers of the ribs of floor plates and beams is
substantiated. The structural and technological diagrams of the constructive midship frame of
a floating dock and the slipway for dock construction are presented. Their application allows
reducing the material capacity and labour intensity of dock construction. The technological
recommendations for reinforcement of bottom plates of the pontoon of a composite floating
dock are rendered. The diagram of reinforcement of pontoon bottom plates in the area of
maximum hydrostatic pressure is presented. It is shown that a protective layer of concrete on
the working reinforcement provides for the joint operation of reinforcement with concrete at
all stages of operation of the facility, as well as protection against aggressive external effects.
Special features of the selection of a shipbuilding concrete targeted at the extreme conditions
of operation of marine reinforced concrete facilities are listed. The influence of air-entraining
and plasticizing agents in the concrete mixture is considered. They are used for the improve-
ment of strength, impermeability, frost and corrosion resistance of concrete, reduction of
water consumption, enhancement of workability and reduction of consumption of cement.

Keywords: composite floating dock; reinforced concrete pontoon; dock construction.

Amnortamisi. HaBesieHi 1ocmikeHHS HA OCHOBI BUKOPUCTAHHSI KPUTEPiiB BUOOPY ONTUMAIBHOL
KOHCTPYKIII 3 ypaxXyBaHHSIM JIFOYMX HOPMATHBHHUX BHUMOT, sIKi JAI0Th MOMKIIUBICTH PO3POOHUTH
peKOMEeH 1allii 0/10 KOHCTPYIOBAaHHS 1 TEXHOJIOTIT MOOY/I0BM KOMITO3UTHOTO IUIABYy4OTIO JIOKa
OOrpyHTOBaHO BHOIp OCHOBHHX IIapaMeTpiB, SIKI JIO3BOJISIIOTH IOOYAyBaTh y3arajibHEHUH
KpUTEPiH 15t BHOOPY ONITUMAIbHUX KOHCTPYKIIIH IJIaByYMX KOMIIO3UTHHX JIOKIB 3 BpaxXyBaHHSIM
JIOCBiy iX OyAiBHMI[TBA Ta eKCIUTyarallii, a TAaKOX Pe3yJIbTaTiB eKCIEPUMEHTIB y HaHOUIbII
BOXKHX YMOBaX JOKyBaHHS. [lomaHO BHKOPHCTaHHS CHCTEMH KpUTEPiiB UL KOHTPOIIO
MacH 1 MIITHOCTI KOHCTPYKIIiif JOKa Ta KOMIDIEKCY MMATaHb TEXHIKO-€KOHOMIYHOTO XapakTepy,
HaJiHHOCTI i 3py4YHOCTI eKCIUTyaTaii. 3anpornoHOBaHO KOHCTPYKLIFO KOMIIO3UTHOTO IUIABYYOT0
JIOKa 31 3MEHIIECHOIO KIIbKICTIO HA0Opy B ITOHTOHI, B SIKOMY apMarypa, 110 TIPAII0€ Ha MICLIEBY
MIIHICTb, YCTQHOBIIIOETHCSI 330BHI B HANpPsSMKy HalMEHIIOIO IIPOJIbOTY, @ apMarypa, IO
MPAIOE HA 3arajibHy MILHICTh, YCTAHOBIIIOETHCS BeepearHi eeMeHTa. Onucano 0coOIMBOCTI
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BCTAHOBJICHHsI HA0OpY B TOMN-NaTy0i JJOKa Ta OOIPYHTOBAHO BIJCYTHICTB iX y OSTOHHHUX Oarirax IMIMaHroyTiB (iopiB
i OimciB. IlogaHi KOHCTPYKTHBHO-TEXHOJOTIYHI CXEMH KOHCTPYKTHBHOTO MieJb-IIMAHTOYTY IDIaBY4Oro IOKa Ta
crarmesns sl oOy/IOBU KOMIIO3UTHHX IUIABYYHX JIOKIB, BUKOPUCTAHHS SIKMX JIO3BOJISIE 3MEHIIUTH MAaTepialloEMHICTh
Ta 3HU3UTH TPYIOMICTKICTh MOOYJIOBM JoKa. HaBeleHi TeXHOJOTIUHI pekoMeHIalil apMyBaHHsS IHUIIEBUX IUIHT
MOHTOHA KOMIO3UTHOTO ILIABy40ro jgoka. [1ofaHo cxeMy apMyBaHHsSI JHUILIEBUX [UINT MIOHTOHA B PAlOHI CIIPUHHATTS
MaKCHMAJIBHOTO TiAPOCTaTHYHOTO THUCKY. Iloka3aHo, mo 3axMcHUM map OeToHy It poOodoi apMmaTypu 3adesrnedye
CIUTBHY POOOTY apMaTypu 3 OCTOHOM Ha BCIX CTaJIisgX POOOTH KOHCTPYKIIil, a TAKOXK 3aXUCT BiJl arpeCUBHUX 30BHIIITHIX
BIUIMBIB HABKOJHIITHROTO cepemoBuma. HaBemeHi ocobmmBOCTI BHOOPY CYAHOOYIIBHOTO OCTOHY, OPI€EHTOBAaHOTO
Ha eKCTpeMasibHi YMOBH POOOTH MOPCBHKHX 3aTi300€TOHHUX CHOpPYyA. PO3MIAHYTO BIUIMB MOBITPOBTATYBAIBHUX Ta
Tu1acTUQIKYIOUMX JOMIIIOK y O TOHHIH CyMillli Ha MOMINIIEHHS Mil{HOCT], HEPOHUKHOCT1, MOPO30CTIHKOCTI i KOPO31iHOT
CTIHKOCTI OETOHIB, 3MEHIIICHHS BOAOIIOTPEOH, TOJIMIIICHHS JICTKOYKIIAIaTbHOCTI Ta 3HIKSHHS BUTPATH [IEMEHTY.

Kuro4oBi c10Ba: KOMIIO3UTHHI TUTABYYHA JOK; 3113006 TOHHUH TIOHTOH; KOHCTPYIOBaHHS JOKIB.

AnnoTtanus. [IpuBeeHbI HCCIE0OBAHMUS HA OCHOBE UCIIONB30BaHMUS KPUTEPUEB BBIOOPA ONTUMAIBHON KOHCTPYKIUH
U ydeTa JEHCTBYIOUIMX HOPMATHBHBIX TPeOOBAaHWil, KOTOpPbIC JAIOT BO3MOXKHOCTH Pa3paboTaTh pPEKOMEHIAINU
10 KOHCTPYMPOBAHUIO M TEXHOJOI'MH MOCTPOMKH KOMIIO3UTHOTO IUIaBydero goka. OOOCHOBaH BHIOOpP OCHOBHBIX
[apaMeTpoB, KOTOPBIC MO3BOJISIOT MOCTPOUTH OOOOLICHHBIH KPUTEPHH VIS BHIOOpA ONTHMAaJbHBIX KOHCTPYKLHIA
IUIaBy4YUX KOMIIO3UTHBIX OJOKOB C YYCTOM OIIbITa WX CTPOUTECIBCTBA M OKCIUTyaTallMu, a TaKXE pPE3YyIbTaToOB
9KCIIEPUMEHTOB B HauOojee TSDKENbIX YCIOBUSX JOKoBaHMs. [1oaHO MCIOJIb30BaHME CHCTEMbI KPUTEPHUEB IS
KOHTPOJISl MacChl M MPOYHOCTH KOHCTPYKLHMH JOKa M KOMILIEKCAa BOIPOCOB TEXHHKO-DKOHOMHYECKOTO XapakTepa,
HaACKHOCTHU U yllOGCTBa OKCILTyaTallru. Hpezlnon(eHa KOHCTPYKIUA KOMIIO3UTHOTI'O IJIaBYy4€ro JO0Ka ¢ YMCHBIIICHHBIM
KOJINYECTBOM HabOpa B MOHTOHE, B KOTOPOM apMarypa, padorarolasi Ha MECTHYIO MPOYHOCTb, yCTAaHABINBACTCS
CHapy)Xd B HalpaBlICHUM HAMMEHBIIETO MpOJeTa, a apMmarypa, KoTopas paboTaeT Ha OOLIyI0 IPOYHOCTH,
yCTaHABIMBACTCsS BHYTPH >IeMeHTa. Omrcansl 0COOGHHOCTH yCTaHOBKH HaOopa B TOM-Manxyde Joka 1 000CHOBaHO
OTCYTCTBHE B OETOHHBIX OallHsX IIITaHroyToB, (uiopoB m OumcoB. IlomaHbl KOHCTPYKTHBHO-TEXHOJOIMYECKHE
CXeMbI KOHCTPYKTHBHOTO MUJICIIb-IITIAHTOYTa IJIABYYEro JOKa W CTamelsl s MOCTPOHKH KOMITO3UTHBIX IUIaBYYHX
JOKOB, HCIIOJIb30BAHHWE KOTOPLIX IIO3BOJIACT YMCECHBUINTE MATCPUATOCMKOCTL W CHHU3UTH TPYAOCMKOCTH HUX
noctpoiiku. [IpruBeneHbl TEXHOIOrHYECKHE PEKOMEHJAlMN apMUPOBAHUS THUIIEBBIX IUIUT TIOHTOHA KOMIIO3UTHOTO
iaBy4yero jgoka. [IpencraeieHa cxemMa apMHpOBAaHHS JHMIUCBBIX IUIMT B PailOHE BOCIPHUSTHS MaKCHMAalbHOTO
THAPOCTATHYECKOr0 JAaBieHUs. [lokasaHo, 4TO 3alMTHBIN cloii OeroHa and paboueil apmarypsl obecrednBaeT
COBMECTHYIO paboTy apMaTypbl ¢ OETOHOM Ha BCEX CTaJIUsIX pabOThl KOHCTPYKLIUH, & TAKXKE 3aLIUTY OT arpeCCHUBHBIX
BHEIIHUX BO3ACHCTBHI OKpyKaromiei cpenbl. [IpuBeneHbl OCOOCHHOCTH BBIOOpa CyHIOCTPOMTEIBHOrO OeToHa,
OpPHEHTHPOBAHHOTO Ha JKCTpPEMalIbHbIE YCIOBHUSI pabOThl MOPCKHUX JKelIe300€TOHHBIX COOpYyxKeHHui. PaccmoTpeno
BIIMSIHME BO3AYXOBTSATHMBAIOIIMX M IUIACTH(GUIHMPYIOMNX 100aBOK B OETOHHOW CMECH Ha YJy4llIeHHE NPOYHOCTH,
HEMPOHULIAEMOCTH, MOPO30CTOWKOCTH M KOPPO3HOHHOH CTOHKOCTH OCTOHOB, YMEHBIICHHE BOIOIOTPEOHOCTH,
yily4meHue yao00yKiIaablBaeMOCTH M CHIJKEHHE pacXoia LIEMEeHTa.

KroueBble c10Ba: KOMIIO3UTHBIN ITaBYyYHH JTOK; KeJIe300€TOHHBIN MOHTOH; KOHCTPYHPOBaHHUE JOKOB.
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Problem statement. When designing the dock hull Analysis of latest studies and publications. The con-
as a whole and its individual components and parts, con- | stant needs of world shipping in ship repair, inspection and
siderable difficulties are stipulated by the complexity of | monitoring of the state of ships, maintenance of the under-
the operation of the structures and the variety of functions | water part of ships cause an increased demand for floating
performed by the individual hull elements. The desire to | docks. The analysis [11] of the operating conditions of the
design the structure so that each element of it best fulfillsits | composite floating docks showed that they are to a large
functional purpose during operation and is rational during | extent extreme. In addition, the specifics of the technology
construction and repair necessitates the harmonization of | and organization of the construction of large lifting docks
conflicting requirements with regard to economic indica- | requires the solution of a number of technical problems
tors. The task of the designer is designing such a hull so | that have no analogues in the world practice. In the float-
that it, at the lowest cost of construction and mass, satis- | ing dock, as well as on the ship, all the requirements of
fies the operational requirements as much as possible and is | classification and insurance companies for monitoring its
sufficiently reliable throughout the entire service life for it | condition and restoration of working capacity apply.
with minimal amounts of periodic repairs and maintenance Recently, composite so far, made partly from rein-
costs. Thus, the minimum cost of construction and opera- | forced concrete and partly from metal structures, have
tion is the main generalized economic indicator, objec- | been in great demand [3, 7]. As a rule, a pontoon is made
tively takes into account the quality of the design from the | from reinforced concrete, and side towers are made en-
standpoint of the interests of the pre-production enterprise. | tirely from metal.

The problem of increasing the level of design and The main direction to achieve competitive products
technology is complicated by the fact that, due to objec- | of dock-building enterprises is the introduction of sci-
tive and subjective reasons, it is not always paid enough | entific research aimed at upgrading, improving training,
attention at various stages of design, engineering and | organizing and managing production, reducing construc-
technological developments. One of the main reasons for | tion time, reducing costs and improving product quality,
this is the lack of necessary criteria for the development | minimizing the use of all types of resources and costs,

of a generalized assessment in the form of any indicator. | the use of new technologies [4, 8].
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Conclusion of previously unresolved parts of the
overall problem. The choice of optimal designs should
be based on the obligatory consideration of complex in-
terdependencies of an economic nature in order to find
the most optimal solution. This work is very difficult,
and it should be carried out simultaneously with the
search for theoretical and practical solutions based on
the experience of building and operating docks, as well
as the results of experiments in the most difficult condi-
tions by docking.

THE AIM OF RESEARCH is development of rec-
ommendations for the design and technology for con-
structing a composite floating dock based on the use of
criteria for selecting a rational design and taking into ac-
count existing regulatory requirements.

Methods, object and subject of research. When
performing the study, the method of coagulation was
used, which consists in reducing the multicriteria task to
the single-criterion task. For the construction of a multi-
criteria problem of making optimal decisions, it is neces-
sary to transform a set of specified criteria into one gen-
eralized criterion that expresses the usefulness of a given
system of criteria. The object of research is the design
process and the technology for constructing a floating
composite dock. The subject of research is the design of
the composite floating dock.

Basic material. To solve the complex problem of
designing the structures of the dock hull, it is neces-
sary to have a certain system of criteria that allows for
a comparative objective assessment of various options
for possible solutions. Such an assessment in the period
of intensive progress of science and technology acquires
special significance. Previously expedient designs were
chosen based on the requirements of the rules of clas-
sification societies containing specific recommendations
derived from operating experience of previously con-
structed docks. It was believed that such design provided
reliable structures in operation. In modern conditions of
implementation of the recommendations contained in
the rules, it turns out to be insufficient through the rapid
change of quantitative and qualitative characteristics of
the docks of the facilities under construction.

However, it is not easy to develop such a system
of criteria: it is necessary to take into account a large
number of factors whose influence can’t always be es-
tablished with sufficient certainty. Therefore, at the mo-
ment it is possible to simultaneously take into account
only a limited number of requirements. Some of the
same requirements remain unheeded and are accepted as
secondary. As a result of this simplification, the physical
essence of the questions is distorted, the reliability of the

smi.nuos.mk.ua | editor@smi.nuos.mk.ua
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results obtained may be insufficient, and the approximate
criteria obtained in this way can be recommended only as
some conditional measures.

Given the above, in this article it is necessary to de-
termine the modern basic criteria that ensure the reliabil-
ity and optimality of the dock structures.

Errors in the design of reinforced concrete structures
can be caused by unsuccessful assembly structures, im-
proper reinforcement, improperly chosen classes and
grades of concrete and reinforcement, insufficient sta-
bility of structures, disregard for possible corrosion of
concrete and lack of instructions on the construction of
structures. When designing structures, it is necessary to
ensure strength so that the fracture of structural elements
is plastic, but not brittle. This is achieved by using plastic
steels, observing the minimum and maximum percent of
reinforcement [1].

All structures on the docks must be reliable, which
leads to the need to create a certain safety margin and the
more, the more there can be an error in determining the ex-
ternal forces acting on the dock's hull. This is done in case
of a possible excess of the existing forces as compared with
the permissible ones in order to take into account the effect
of reducing elm thickness from corrosion and abrasion, as
well as due to the presence of hidden material defects and
deficiencies in the fabrication of structures. The adoption
of an excess margin of safety in order to increase the reli-
ability of structures in operation will inevitably increase
the mass of structures and the cost of their manufacture.
Therefore, determining the appropriate safety margin is
a responsible job, especially when consider that the de-
signer, taking a decision, takes responsibility for the lives
of the crew of the dock. The purpose of the safety margin
should be consistent with the possibilities of improving
the technology of manufacturing structures.

The desire to reduce the weight of the hull, that is,
to reduce the cost of materials and labor costs, as well as
to increase the payload capacity of the dock, is always
an important task of the designer, as it allows to obtain
a large economic effect, but optimal design involves the
joint consideration of minimizing mass and cost other
functional parameters (Fig. 1).

Optimization is carried out on the total costs, which
include costs associated with an increase in the mass of
structures, and costs associated with a decrease in the
probability of its destruction. It is assumed that the prob-
ability of failure depends on the quality of the material.

An increase in the yield strength of the material,
the achievement of which is taken as a dangerous state,
makes it possible to reduce the design dimensions of the
structures. In the construction, some part of the yield
stress is allowed.
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Fig. 1. Scheme for comprehensive consideration of optimal design and technology issues

In recent years, in order to reduce the mass of the
dock hull, modern modifications of base materials —
concrete and steel are widely used for the manufacture
of structures, as a result of which a significant economic
effect is achieved, despite their higher cost. When build-
ing a dock from ordinary carbon steel, the proportion
of metal elements in the total weight of the built dock
increases markedly as the size of the docks increases.
In order to preserve this proportion of metal elements
at the same level as increasing the size of the docks,
it is necessary to use reinforced steel of high strength
and high-strength concrete when building a pontoon,
and when forming the structure of towers to use steel
of high strength.

So, entering from the above analysis, it can be argued
that reducing the hull mass, that is, reducing the consump-
tion of materials and labor costs due to the use of rein-
forced steel of increased strength and high-strength con-
crete when building a pontoon, as well as using increased
strength steel when forming the tower structure, increas-
ing the useful dock carrying capacity and cost minimiza-
tion are one of the main factors ensuring the reliability and

optimality of the dock design. But it should be noted that
these factors are rather contradictory.

Linking different and contradictory requirements
and obtaining a successful solution is a difficult task,
since there are no interrelated indicators that meet dif-
ferent requirements. This is especially true of design
and construction technology. Considering the fact that in
most practical problems, decisions are evaluated accord-
ing to several qualitatively different criteria (Table 1),
then hypothetically one of the solutions may be the best
according to all criteria, and it will be the most optimal.

In the case of a complex relationship between mod-
ern requirements for structures, minimizing mass from
a technical and economic point of view does not always
lead to an optimal solution of the problem. Direct pro-
portionality between the mass of structures, the com-
plexity of manufacturing, operational and technical and
economic efficiency is not observed.

When considering the reliability and durability of
structures, it is necessary to fully consider the technolog-
ical factors associated with the construction and repair
of docks, during which welding stresses and deforma-

Table 1. Relationship between the basic requirements for the dock design and their optimization

Basic requirements
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tions occur in hull structures, creating a concentration
of stresses in various technological cutouts. Also, as a
result of errors in the preparation and execution of tech-
nological operations, defective joints are obtained, the
mechanical qualities and chemical composition of ma-
terials change, a volumetric stress state arises, and so on.

The practice of building and repairing docks using
modern advanced methods has developed some well-de-
fined requirements (Fig. 2) in dock structures, more and
more unifying and standardizing in order to shorten the
cycle time of work, improve quality and reduce manufac-
turing cost. Therefore, typing of components and parts
for docks for various purposes is becoming widespread.

In this regard, in recent times, special importance
is attached to the development of industry standards by
drawing albums for choosing the shape and size of struc-
tures, eliminating the mistakes of designers. At the same
time, it is necessary to strive so that the unification and
standardization do not hinder the improvement of struc-
tures. To do this, it is possible to regularly review the
content and recommendations of the standards in order
to take into account new research in the field of design.
Using the same unification and standardization always
gives a great economic effect and ensures high quality of
the designed structures, especially if technological issues
are taken into account.

The design of new structures should be accompanied
by an assessment of individual flaws that appear as a re-
sult of making compromise decisions. However, trying
to find the optimal solution, sometimes it is necessary
to completely distract from the usual constructive meth-
ods and try to offer completely new designs, since on
the docks built at different times, there are often designs
whose shape and size were caused by reasons that have
ceased to exist. It is possible to propose the following
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algorithm for evaluating the design and technology for
constructing composite docks (Fig. 3).

Separate constructions, appeared by chance and did
not manifest themselves in operation negatively, some-
times they become standard and are recommended by
tradition. Some constructions on the same type docks,
built in different countries, significantly differ from each
other in terms of working conditions, and sometimes
even in principle.

At present, as a result of the transition to a scientifi-
cally based design of structures using a system of crite-
ria, it became possible to control not only the weight and
strength of structures, but a whole range of technical and
economic issues, reliability and ease of operation.

The choice of optimal designs should be based on the
obligatory consideration of complex interdependencies
of an economic nature in order to find the most optimal
solution. This work is very difficult, and it should be car-
ried out simultaneously with the search for theoretical
and practical solutions based on the experience of build-
ing and operating docks, as well as the results of experi-
ments in the most difficult conditions by docking.

One of the most commonly used methods for solv-
ing such multi-criteria tasks is reducing a multi-criteria
task to a single-criteria one. For the construction of a
multicriteria problem of making optimal decisions, it is
necessary to transform a set of specified criteria into one
generalized criterion, which expresses the usefulness of
a given system of criteria. The main difficulty in solving
this problem is the need to compare criteria of a different
nature and determined in different scales. If this com-
plexity is solved and all output criteria W,(i =1, 2,...,k)
expressed in comparable units, then the generalized cri-
terion is represented as a weighted sum of individual per-
formance criteria [10]:

Requirements for the optimal level
of hull structures

A4

Technical

Quality improvement

Mechanization

Automation

Use of robotics

Ease of maintenance

R S T R S S

Fig. 2. Requirements to ensure the optimal level of hull structures
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.| 1. The formulation of the purpose of evaluating the
"| performance indicators of the used design and technology

v

'

2. Search and selection of options for

. . 1 3. Criteria selection
comparing design and technology
v
| 4. Verification of comparability conditions |
v v
| 5. Regulations | | 6. Project parameters | | 7. Identification of restrictions
v v

8. Preparation of initial data for calculation of
technical and economic indicators

v

v

9. System analysis of
the obtained indicators

v

10. Restrictions

v

11. Choice of the option according to
the accepted criterion considering the
limitations

v

12. Determination of the requirements for
the option to further improve efficiency

Fig. 3. Algorithm for evaluating the performance indicators of the design and construction technology of composite docks

U=>a, W,

k
i=1
where a, — weights with “+” sign under the conditions
that it is desirable to increase, and “—” sign with those
that it is desirable to reduce.

A common disadvantage of the component criteria is
that the lack of effectiveness in one of them can always
be compensated at the expense of the other. Therefore,
their use may lead to incorrect recommendations.

Of the many indicators of efficiency, they single out
one, the most important, and seek to obtain the optimal
solution only by this single criterion. On other perfor-
mance indicators impose restrictions of the form [10]:

Wi zw, (i=2,...,m); W,<w, (j=m+1,...k)

and include in the number of specified conditions. Perfor-
mance indicators are in order of decreasing importance.
For simplicity, let’s assume that each of them needs to
be turned into a maximum (if this is not the case, it is
enough to change the sign of the indicator). First, a solu-
tion is sought, which turns the | indicator to a maxi-
mum. Then, based on practical considerations and the
accuracy of the source data, some assignment AW, at the
cost of which it is possible to achieve the maximum of
the indicator W, that is, the restriction W, > W * — AW,
where W * — the maximum possible value of W, is im-
posed, and this limitation, we are looking for a solution
in which the maximum of the indicator ¥, is reached.
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This process continues as needed. This method of find-
ing a compromise solution is good because it is always
known, at the price of which the assignment in one indi-
cator gains in the other.

From a formal point of view, the construction of a
generalized criterion is a procedure for aggregating par-
ticular criteria into one criterion. The main requirement,
the fulfillment of which is necessary, is maintaining the
dominance relation for the generalized criterion. This
means that [10]:

W, W,...,W >U,U,...,U )=
=FW,W,..,W)*>FU,U,...,U),
where F— the aggregate-operator of the generalized cri-
terion. Considering the generalized criterion as a func-

tion of m variables (partial criteria), let’s define the level
surface for it:

FW, W, . W,)=c.

For any values of partial criteria corresponding to
this equation, the generalized criterion does not change
its value equal to c. Using this circumstance, it is pos-
sible to change the value of particular criteria, keeping
the value of the generalized criterion unchanged. When a
measure of the effectiveness of criteria expressed in het-
erogeneous units, for example, monetary and temporary,
they must be reduced to a standard measure of efficiency
or transformed into dimensionless ones.

Using one of the above solutions to multicriteria
problems, one can construct a generalized criterion for
choosing the optimal dock structures.
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Fundamentals of design and construction techno-
logy of composite docks

Design, construction and building of composite float-
ing docks is carried out in accordance with the rules of
the Shipping Register of Ukraine [9], ABS [12], “Rules
for building hulls of ships and floating structures using
reinforced concrete” [6] and under the Register’s techni-
cal supervision.

In accordance with the requirements of the Regis-
ter, the construction and use of composite floating docks
should be carried out on the basis of the technical and
economic feasibility of their use in specific conditions,
taking into account the maximum reduction of material
intensity, energy intensity, labor intensity and cost.

The rules [6] establish the basic requirements for
materials, construction, strength and technology for
constructing a dock hull, manufactured using reinforced
concrete. In this case, when designing the floating docks,
design schemes should be adopted that provide the nec-
essary strength, stability and spatial immutability of the
structure as a whole, as well as individual structures at
all stages of construction and operation. Devices, equip-
ment and software, stability, division into compartments,
fire protection, mechanical installations, systems and
pipelines, boilers, heat exchangers, electrical equipment,
rescue and signaling equipment, radio equipment, lift-
ing devices, must meet all the requirements applicable to
them Register rules, state standards and other regulatory
documents.

When designing floating docks, Rules [6] recom-
mend the following sequence:

— implementation of the constructive layout of the
pontoon and towers;

— determination of design loads causing local and
general deformations of hull structures;

— design of dock structures from the condition of en-
suring local strength and stability, taking into account the
limitations on the minimum thickness;

— design of structures that provide the overall trans-
verse and longitudinal strength of the pontoon;

— design of structural elements of the hull, ensur-
ing its overall longitudinal strength during operation (in
dock operations)

— verification calculations of the total and local
strength of structures in the conditions of the route from
the construction site to the place of dock operation.

Metal towers of composite floating dock, it is advis-
able to dial on the longitudinal dialing system. In this
case, the transverse frame connections (frame beams and
frames) of the walls and decks of the towers should be lo-
cated in the plane of the main cross links of the pontoon.
The frame connections of the outer and inner sides of the
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towers below the safety deck should be interconnected
by expansion beams that must be installed in the plane of
each main cross-tie of the pontoon.

In modern conditions, to improve the quality charac-
teristics of the pontoon, reinforcement of the concrete of
the pontoon is made of fiberglass, which leads to a sig-
nificant increase in the compressive strength of concrete
(120...170 MPa) [14, 20]. With increasing strength, the
modulus of elasticity of concrete increases, which im-
proves its operation in conjunction with steel reinforce-
ment [14, 17]. The use of additives helps to improve
the quality characteristics of the concrete mix and the
effect on the setting and hardening processes. Reinforc-
ing additives have a positive effect on water absorption
and increased stability of the resulting concrete given
the number of freezing cycles [13, 20], and cracking
is also significantly reduced in such concrete [19, 18].
A promising direction in the manufacture of concretes
is the use of plasticizers, such concretes are character-
ized by reduced water absorption [16]. When conducting
a comparative analysis of the use of plasticizers based
on polycarboxylate ethers of various manufacturers, one
of the parameters was compressive strength, which for
concrete with the same cement consumption in a solu-
tion without additives was 24,5 MPa, and with additives
42.9...43,8 MPa, almost doubled its strength [2].

So, in the case of increasing the mechanical charac-
teristics when using the modified mixture, it is possible
to reduce the thickness of the concrete base or reduce the
number of reinforcing elements. The expected positive
effect, in addition to the overall material savings, is a re-
duced mass of the structure, an increase in the carrying
capacity, the possibility of minimizing the depth of the
submerged part of the pontoon and a reduction in labor
costs.

The rules [6] give the definition of materials, struc-
tures and distances between them, equipment, etc., which
are used in the construction of floating docks and, in ad-
dition, regulate the use of concrete and its components
for the pontoon of the floating dock. Concrete must have
the necessary strength, water resistance, frost resistance,
chemical resistance in aggressive aquatic environment,
have low water absorption and a protective layer, reliably
protects the reinforcement from corrosion. To ensure the
necessary reliability and durability of floating dock hulls
manufactured using reinforced concrete, it is necessary
to use concrete of the corresponding strength classes and
grades for water tightness and frost resistance, especially
in zones of varying water levels and exposure to ice. To
improve the basic properties of concrete (strength, imper-
meability, frost resistance and corrosion resistance), re-
duce water demand, improve workability, reduce cement



gHIPBUILDING smi.nuos.mk.ua | editor@smi.nuos.mk.ua

MARINE INFRASTRUCTURE

consumption, and perform concrete work at negative am-
bient temperatures, it is recommended to add special (air
entraining and plasticizing) additives to the concrete mix.

Hot-rolled reinforcement bars of the corresponding
classes that meet the requirements of classification so-
cieties [12] should be used for the reinforcement of hull
reinforced concrete structures. Sheet steel for hull struc-
tures of composite floating docks should also meet the
requirements of classification societies [12].

Part of the hull of composite floating docks is a rein-
forced concrete pontoon and its elements are composing,
consisting of plate structures, supported by ribs or par-
titions, which form a transverse, longitudinal or mixed
system of cross elm. The reinforcement of the hull el-
ements should be carried out by bar reinforcement in
the form of welded reinforcing grids and frameworks.
Connections of reinforcing bars between themselves and
with parts must be welded.

Parts of the reinforced concrete hull, which during
operation are subjected to shocks and invasions, should
be strengthened or protected by the freeboard bars, which
have sufficient strength, durability and reliability under
the influence of these loads and ensure the transfer of
forces to rigid bindings of the hull. The protective layer
of concrete for working reinforcement should ensure its
joint work with concrete at all stages of the structure's
operation, as well as protection from aggressive external
environmental influences. The thickness of the protec-
tive layer of concrete for rod reinforcement of the exter-
nal surfaces of reinforced concrete hull elements must
be at least 15 mm, for the dock-floor — at least 20 mm,
for internal wetted hull elements — at least 10 mm, and
for internal hull elements, not exposed to aggressive fac-
tors — not less than 5 mm.

The fastening of the foundations of mechanisms,
equipment, ship devices and other elements of saturation
in reinforced concrete hull structures should be carried
out by welding to embedded parts or anchor bolts.

When constructing reinforced concrete structures,
their dimensions should be assigned from the condition
of ensuring sufficient strength and reliability of both
the elements themselves and the joints. Steel partitions,
frames, beams of the set and other elements of metal
structures should be located in the same plane with the
corresponding reinforced concrete elements. Steel ele-
ments of composite structures should be joined to rein-
forced concrete with the help of special embedded parts
or anchors capable of transferring reinforced concrete to
all the efforts acting in a joint. Steel towers of compos-
ite docks should be welded with solid double-sided butt
seam or at an angle to solid embedded parts installed in
the reinforced concrete pontoon hull.
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The main methods for constructing a reinforced con-
crete part of a composite floating dock are an assembly
one, in which the pontoon consists of prefabricated flat
sections, and a block one when it consists of three-di-
mensional blocks, each of which consists of flat sections.
Requirements for the manufacture and installation of re-
inforced concrete hull structures must comply with the
Rules for the construction of hulls of ships and floating
structures with the use of reinforced concrete [6]. The
manufacturing techniques of the elements of metal hull
structures, as well as the metal parts of the towers of the
composite floating dock should be similar to the manu-
facturing techniques of the steel ship structures. It is al-
lowed to splice the hull parts afloat from separately con-
structed floating blocks, provided that the adopted design
and technology for connecting the blocks into a single
whole ensure the strength and water resistance of the
monolithic hull.

The hull of the composite dock consists of a rein-
forced concrete pontoon (bottom, outer skin, inner lon-
gitudinal and transverse structures) and two steel tow-
ers (outer and inner skin, decks, platforms, partitions
and supports of their set). During the operation of the
dock, its hull is affected by the mass of the dock itself,
the support forces, the ballast weight, the ship’s pressure,
winding, wind load, and during the sea crossing the dock
receives additional forces from bending and torsion,
wave shock loads. When calculating the main bindings,
perceiving the load from the ship, it is considered that the
external forces acting on the dock-ship system are per-
ceived by the dock hull and the ship. The total bending
moment on the dock ship system midship is distributed
between the dock hull and the ship in proportion to their
strength. Therefore, for the calculated bending moment
take the smaller of the moments that may occur during
operation. When docking the ship, a part of the bending
moment can be reduced by taking ballast. The amount
of bending within acceptable limits usually contains the
reception of ballast water.

The slipway for the construction of reinforced con-
crete ships contains supporting keel blocks that are in-
stalled on the supporting surface (Fig. 4,a). Metal rigid
frame shields associated with keel blocks with hinges and
stops (Fig. 4,b). A cushion is installed on the top of each
keel block (Fig. 4,¢) [5]. Omitted boards alternately rise
to a horizontal position and fixed stops. Then cushions
are fitted and installed, between which one should not
allow the formation of gaps into which cement “milk”
could get when concreting the bottom plate.

The markup on the slipway is applied once and on
subsequent tabs only refreshed in separate places. Re-
inforcement grids are installed and the bottom plate is
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concreted. Demoulding begins from the row, which is lo-
cated on the edge, by cleaning the stop and squeezing the
shield using screw tappets. The shield comes off the plate
and rotates around the hinge, hanging on it. The whole
structure of the ship hull under construction remains ly-
ing on the cushion for the construction of reinforced con-
crete ships.

The above device allows to reduce the complexity
of installing the formwork bottom and further demould-
ing, and also allows to ease working conditions, reduce
transport operations for the transport of large-size boards
with significant material savings, due to the fact that for
the formwork used inventory metal shields that do not re-
quire repair after demoulding (i.e. reuse of shields is pos-
sible). Due to the fact that the frame shields are attached
to the supporting keel blocks with hinges and stops, the
exact installation of the formwork in the working posi-
tion and its demoulding with the lowest cost of manual
hard work is ensured.

In the construction of a composite dock with a re-
duced number of sets in the pontoon of the dock, the
reinforcement working for local strength is installed ex-
ternally in the direction of the smallest span, and the re-
inforcement operates for general strength and is installed
inside the pontoon structural element. The transverse
partitions between the inner boards are installed through
4 slats, that is, 3 meters, and in the concrete towers
frames, floras and beams are not installed.

When the ship is docked, keel blocks are placed on
the longitudinal baffle of the dock, the load from which
is transferred to the rarely spaced transverse baffle of the
dock, thereby ensuring overall transverse strength.

The construction of concrete floors takes several
times more moment of resistance than steel structures,
which allows to increase the overlap girder and less often
place the partition supports. As a result, the costs associ-
ated with the cost of materials are reduced, as well as
the labor intensity of the work during the construction
of the dock.

The cross section of reinforced concrete slab of
dock floors 140 mm thick and the maximum plan size
of 6,700%3,000 with reinforcement from 12 to 20 mm
in diameter is shown in Fig. 5,a. Fig. 5,b is a diagram
of the reinforcement of bottom plates with a thickness
of 160 mm in the region of the perception of maximum
hydrostatic pressure.

Reinforced concrete pontoon of composite dock is
recruited by the transverse system, and metal towers —
along the longitudinal. The dock pontoon is divided by
longitudinal watertight baffles into several independent
compartments, which are needed to provide the neces-
sary stability when ascending or diving without a roll
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and the number of which depends on the dock carrying
capacity.

They are the main links that absorb the load from
the central and side keel tracks. The central keel track is
placed above the diametrical partition. Waterproof trans-
verse partitions set at a distance of 4.5 m from each other.
Transverse frames of towers are a continuation of the
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Fig. 4. The site of the slipway:

a — section A—A; b — section B—B; ¢ — top view;

1 — supporting keel blocks; 2 — supporting surface; 3 —
frame shields; 4 — hinges; 5 — stops; 6 — cushion



gHIPBUILDING smi.nuos.mk.ua | editor@smi.nuos.mk.ua N22 (10) 2018

MARINE INFRASTRUCTURE

transverse set of pontoons. In the limbs of the pontoon to
increase the dock floor operation length, which is usually
0.8...0.9 the ship length, establish platforms (crinolines)
with wooden or metal flooring.

The safety deck and top deck provide overall and
local hull strength. The top deck framework consists
of beams that are a continuation of the board frame-
work. Flooring of top-decks in the area of the engine
room and the main sump pumps perform removable,
which allows to unload equipment for repair. The
safety deck separates the ballast compartments from
the living and office spaces. It is supported by beams
that connect with the onboard transverse set. The wa-
ter level in the tower ballast compartments and, ac-
cordingly, the depth of the dock floor under the water,
which is limited by the height of the air pipes placed
below the safety deck. The drawings of the construc-
tive midship of the floating composite dock are shown
in Fig. 6.

When designing metal dock towers, the effect of
corrosion damage on the thickness of structural ele-
ments is taken into account. This instruction is based
on the rationing of strength until the end of the service
life of the dock, which for composite docks is assumed
to be 50...60 years. Corrosion additives guarantee the
dock operation during the entire specified service life
at an average rate of corrosion damage to structural
elements.
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Fig. 5. Scheme of reinforcement of concrete slabs:

a — dock floor; b — bottoms
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DISCUSSION OF THE OBTAINED RESULTS

Summarizing all the above, it is possible to classify
the basic requirements that provide the ability to con-
struct a generalized criterion for the selection of optimal
dock structures:

1) design of the dock must retain the original quality
for a specified period of operation;

2) mass of the structure with an adequate margin of
safety and efficiency during construction and operation
should be minimal;

3) structures should be available during repair and
maintenance during operation;

4) constructive solutions must comply with the cur-
rent industry standards, taking into account existing state
standards and standard design albums and recommenda-
tions for unification;

5) operation quality must ensure sufficient reliability of
the structures in extreme conditions of the dock operation;

6) technology of manufacture and repair of structures
in order to reduce their cost should ensure the following:

— use of the maximum possible size of blocks and
sections with full saturation of them on the pre-assembly
sites;

—use of modern progressive technological processes;

— possibility of widespread use of automatic welding
and cutting;

—reduction of the amount of work on the preparation

in the assembling and welding.
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Fig. 6. Constructive midship of a floating composite dock:
1 — top-deck; 2 — safety deck; 3 — dock floor
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CONCLUSIONS. The presented studies based on
the use of criteria for selecting the optimal design and tak-
ing into account existing regulatory requirements make it
possible to develop recommendations for improving the
design and technology for constructing a composite float-
ing dock. The choice of the main parameters that provide
the opportunity to build a generalized criterion for select-
ing the optimal structures of floating composite docks,
taking into account the experience of their construction
and operation, as well as the results of experiments in
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the most difficult conditions by docking, is substantiated.
The presented constructive-technological schemes of the
constructive midship of the floating dock and the slip-
way for the construction of composite floating docks, the
use of which makes it possible to reduce the consump-
tion of materials and reduce the complexity of the dock
construction. The features of the choice of ship-building
concrete are given, which is focused on extreme working

conditions of marine reinforced concrete structures.
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