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Abstract. The aim of the article is the familiarization with the developed innovative technolo-
gies in the construction of reinforced-concrete floating structures on the example of compos-
ite floating docks (reinforced-concrete pontoon, steel towers). The advantages of composite
floating structures compared with all-metal ones and the results of reinforced-concrete ele-
ments optimization which provided the minimum usage of steel have been given. The new
materials for floating reinforced-concrete structures are developed. This structures are based
on the modified concrete which provides their long time performance and exploitation dura-
tion in the sea water. Such structures can perform up to 70-80 years that is more than steel
ones in 1.5-2 times.

The construction technology of composite floating docks which have almost unlimited lifting
force and sizes from separated large parts with further caissonless jointing of reinforced-con-
crete pontoon on length and width afloat without submerged-technical works is developed.
This technology can be used both at the building yard and at the place of its exploitation and
the technology does not have any analogues in the worldwide practice of dock construction.
The research results can be used for design and construction of any floating structures ex-
ploited in the sea water.

Keywords: floating dock, steel-concrete pontoon, technology of pontoon merging, competi-
tive docks, the range of docks.

AHHOTaIII/Iﬂ. HpI/IBeﬂeHa pa3pa60TaHHa;{ TEXHOJIOTHUA CTPOUTECIbCTBA KOMIIO3UTHBIX IlJId-
BY4YHX NOKOB IPAKTUYCCKU HGOFpaHH‘leHHOﬁ HOZ[’LGMHOﬁ CHJIbI U pasMCEpPOB U3 OTACIIbHBIX
prHHOI‘a6apI/ITHBIX JacTel ¢ nocJeAyromunum OCCKECCOHHBIM CpallMBaHuEM JKeJ1e300€TOH-
HOI'0O IOHTOHA Ha IJIaBy 0e3 IIOABOJHO-TEXHUYCCKHUX pa60T.

KaroueBbie ciaoBa: HJ'IaBy‘II/Iﬁ JOK, JK€J1e300C TOHHBIN IIOHTOH, TEXHOJIOTHA CpalluBaHUsA
IIOHTOHA, KOHKypGHTOCHOCO6HBIC JIOKH, KOHCprKTI/IBHHﬁ psAd IOKOB.

Anotanis. HaBeneHo po3poOiieHy TEXHOJOTIIO MOOYTOBH KOMITO3UTHHX IUIABYYHX JIOKIiB
MPAKTUYHO HEOOMEXEeHOI MiAHOMHOI CHIM Ta PO3MIPIB 3 OKPEeMHX BEIHKOTabapUTHHX
YaCTHH 3 MOJANBIIIM OS3KECOHHNM 3pOIIYBaHHIM 3aJ1i300€TOHHOTO TTOHTOHA Ha TUIaBy 0e3
TTiIBOTHO-TEXHIYHUX POOIT.

Kuro4oBi cioBa: mraByduii 10K, 3a51i300€ TOHHII TOHTOH, TEXHOJIOT s 3pOIITyBaHHS IIOHTOHA,
KOHKYPEHTOCIIPOMOXKHI JIOKH, KOHCTPYKTUBHHUH PSiJI JIOKIB.
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Problem statement. In global shipbuilding there IMocranoBka npodiemMsl. B MupoBoM cygocTpoeHnu
is an accelerating process of the ever-larger cargo ships | umeT yckopsromuiics mporece CTpOUTENBCTBA BCe Ooree
building, first of all, tankers, container ships, vessels | KpyHmHBIX TPaHCIIOPTHBIX CYJOB, B TIEPBYIO O4YepeIb TaH-
for bulk cargo transportation (including 75...150 thous. | kepoB, KOHTEHHEPOBO30B, CY/OB [UIs IEPEBO3KH HABAJIOY-
t deadweight). For the underwater parts and propeller- | HbIX rpy30B (B TOM uncine neaseiitom 75...150 Toic. T). s
rudder system maintenance of such vessels, as well | peMoHTa MOIBOMHON YacTW W BHHTOPYIICBOTO KOMILIEKCa
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as transport facilities, trigger and transfer means for the
construction or repair of vessels in horizontal building
places, the floating II-shaped docks are used consist-
ing of one or more pontoons and two towers and having
the buoyant power from 300...400 t up to several tens
of thousands tons [1-3].

Floating docks can be constructed entirely of steel
or steel-concrete, and may also be composite — the
steel-concrete pontoon and the steel towers [5, 7, 15].

In the former Soviet Union composite steel-concrete
floating docks are built only by two shipyards — Kher-
son State Plant “Pallada” (Ukraine) and the Gorodets
Shipbuilding Yard (the Russian Federation). In the Sovi-
et Union docks were constructed with the buoyant power
mainly from 4,000 to 8,500 t for repair and boats and
ship launch [8].

Latest research and publications analysis. Devel-
opment of steel-concrete shipbuilding is due to the fol-
lowing advantages of composite floating structures com-
pared to the all-steel ones [6, 9, 10]:

to build a steel-concrete hull 1.5...3 times less metal
is required than for the same steel one by means of the
use of concrete and more rational distribution of steel
in the structures. The steel-concrete hulls require less
expensive steel in comparison to the foliated and profile
iron for the metal hull;

the expenses for the dock hull maintenance will de-
crease by 6...10 times. Shipbuilding steel-concrete is not
destroyed by corrosion in seawater with time as steel and
does not reduce its strength properties;

the service life of steel-concrete floating structures in
normal use can be up to 70...80 years which is 1.5...2 times
more than steel ones and which significantly reduces the
annual depreciation amount;

the construction cost of composite docks is 15...20 %
less than similar all-steel ones with lower capital invest-
ment for manufacturing organization.

Over the last years the special focus on the world
market is the composite floating docks with the high
buoyant power, and also the new types of the float-
ing steel-concrete structures: accommodation building
on the water, hotels, restaurants, casinos, swimming
pools, parking lots, berths for ships and work with gen-
eral cargoes, warchouses and storage, floating power
plants, facilities of the continental shelf development,
bases of the submersible drilling platforms, bases for the
expeditionary workers, flooded pontoons for contouring
of artificial soil islands, landing stages, dock-side wave-
protective and other facilities.

The article aim is to introduce the innovative tech-
nologies in construction of composite floating docks
which co-developers are the authors of this article.

Primary material statement. In foreign shipbuild-
ing calculation of steel-concrete structures is based on the
building codes where each element works independently
and transfers the load to another one which leads to a signif-
icant amount of application of the reinforcing steel for the
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TaKUX Cy/lOB, a TaKKe€ B Ka4eCTBE TPAHCIOPTHBIX CO-
OpYXEHUH, CITyCKOBOIO U MEPEAATOYHOrO CPEICTB NpU
CTPOUTEIIHCTBE MIIH PEMOHTE CYIOB Ha TOPH30HTAIBHBIX
MMOCTPOCYHBIX MECTaX HCIONB3YIOT IuIaBydne L-00-
pasHbIe JIOKH, COCTOSIIIIME W3 OJHOTO WJIM HECKOIBKUX
ITOHTOHOB M JIBYX OAllleH U MMCIOIIUE TOIBEMHYIO CHITY
ot 300...400 T 10 HECKOJILKUX JIECATKOB ThICSY TOHH [ 1-3].

[TmaByune HOKH MOTYT OBITH TOCTPOEHBI IOJHO-
CTBIO M3 CTAJI WU JKEIe300€TOHA, a TAK)Ke MOTYT OBITh
KOMITO3UTHBIMH — ITOHTOH >K€JI€300€TOHHBIHN, OaIrHu
ctanbHble [5, 7, 15].

Ha mocTcoBeTckOM TPOCTPAaHCTBE KOMITO3UTHEIC
KeJe300€TOHHBIE TUTaBy4He JOKH CTPOSIT TOIBKO IBa Cy-
JIOCTPOUTEIIBHBIX 3aBOJa — XEPCOHCKUM I'OCY1apCTBEH-
ubii 3aBoxt (XI'3) «Ilammanay (Yrpauna) n ['oponerkuii
cynoctpoutenbHbelii 3aBox (Poccuiickast denepanms).
B Coserckom Coro3e CTpOMIN JOKH MOABEMHON CHITOM
B ocHOBHOM 0T 4000 mo 8500 T, A7t peMOHTa | CITycKa
CyZnoB u Kopabineii Ha Bomy [8].

AHAJIN3 NOCJIeIHUX UCCIIeJOBAHUI 1 MyOIMKALMIA.
PasButHe xeire300eTOHHOTO CyAOCTPOCHHS 00YCIIOBIIE-
HO CIIEIYIOIIUMH TPEHMYIIECTBAMH KOMITO3UTHBIX TLIa-
BYYHX COOPYKESHH TI0 CPaBHEHHUIO C LIeTbHOMETaTYe-
ckumi [6, 9, 10]:

Ha TIOCTPOHKY JKEJIIE300€TOHHOTO KOpITyca JIOKa
Tpebyetcs B 1,5...3,0 pa3a MeHbpIIe MeTaua, 9eM Ui
AQHAJIOTMYHOTO CTAJBHOTO, 32 CUET UCIIOIB30BAHUS OETO-
Ha ¥ 0o0Jice PAIMOHAIBHOIO Pa3MEIICHHS CTaId B KOH-
CTpyKImsx. J{Jst Kee300eTOHHBIX KOPITYCOB TpeOyeTcs
MEHee J10poras CTajlb 10 CPAaBHEHHUIO C JTUCTOBBIM U MPO-
(UITBHBIM TIPOKATOM JIJISI METAJLTMYECKOTO KOPITyca;

pacxonsl Ha Cofep)kKaHUe KOpIyca T0Ka yMEHbINa-
torcst B 6...10 pa3. CymocTpouTenbHbIi OCTOH HE pas-
pyLIaeTcsi ¢ TeYeHUEeM BPEMEHH T0J] BO3IEHCTBUEM KOP-
pO3HUH B MOPCKOM BOJIC, KaK CTallb, U HE CHIDKACT CBOU
MIPOYHOCTHBIE CBOMCTBA;

JKeJIe300€TOHHBIC TUIaByUHe COOPYKEHHs TIPH HOP-
MaJIbHOM SKCIUTyaTalli MOTYT CIIykuTh 110 70...80 ner,
410 B 1,5...2,0 pa3a Oosbliie, 4eM CTallbHBIC, U CYIIIECTBCH-
HO YMEHBIIIACT Pa3Mephl aMOPTHU3AIMOHHBIX OTIMCIICHHIA;

CTOMMOCTh CTPOWTENECTBA KOMITO3UTHBIX JOKOB
Ha 15...20 % Hmke, yeM aHAJIOTUYHBIX 1[€JIbHOMETAJIIN-
YECKUX, PU MEHBIINUX KaMUTAIbHBIX BIOKEHUIX Ha Op-
raHU3aluIo IPOU3BOICTBA.

B nocnennme rogpl 0coObIM BHUMAaHAEM HA MHPOBOM
PBIHKE TONB3YIOTCS KOMITO3UTHBIC IUIABYYHE JTOKH OOMb-
1IOW TIOABEMHOM CHIIBI, @ TaK)KE HOBBIE BHJIbI TUIABYUHMX
JKEJIe300C€TOHHBIX COOPY)KCHUIA: KIJIbIC JIOMA Ha BOJE, TO-
CTHHUIIBI, PECTOpPaHBI, KA3MHO, IUIABaTeIIbHBIC OACCEHHBI,
ABTOCTOSTHKH, TIPHYAJIBI [T CYIOB M pabOTHI C TeHEepab-
HBIMU TPYy3aMH, CKJIaJIbl ¥ XPaHWINIIIA, TUIABYYHe MIEKTPO-
CTaHIIMH, CPEICTBA OCBOCHHS KOHTHHEHTAJIBHOTO MICNb(]a,
OCHOBaHWsI OTPYKHBIX OyPOBBIX IIaT(OpM, Oasbl st IKC-
TICJTIIMOHHBIX Pa00YHX, 3aTOIUTIEMBIC TIOHTOHBI TSI OKOH-
TYpOBaHHUS MICKYCCTBEHHBIX TPYHTOBBIX OCTPOBOB, Je0ap-
KajIephbl, PUIIOPTOBBIE BOJTHO3AITUTHBIE COOPYKEHUsI U .

IEJb PABOTBI — o3HakoMjeHHE C WHHOBAIU-
OHHBIMU TEXHOJIOTUSIMU B CTPOUTEIHLCTBE KOMITIO3UTHBIX
IUIaBYyYUX JIOKOB, COABTOPAMHU Pa3padOTKU KOTOPHIX SB-
JISTIOTCST aBTOPBI JAHHOW CTaThH.

U3noxeHne 0CHOBHOTO MaTepuasia. B 3apyOe:xHOM
CYAIOCTPOCHHH PacueT >KeJIe300€TOHHBIX KOHCTPYKIIUIA
OCHOBBIBACTCSl HA CTPOUTENIBHBIX HOpPMAX, THE KaXKIBIiA
ANIEMEHT PabOTaeT CaMOCTOSTENIFHO U TIepeaeT Harpys3Ky
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reinforcement of thick-walled tiled finless structures with
the sparsely established supportive set or without any.

A method for calculating the marine steel-concrete
structures has been developed, taking into account the
co-operative work of the hull plating with the attached
belt which enabled to significantly reduce its thickness and
not to reinforce it with additional reinforcing fins of the
set. The conducted research in terms of ensuring optimal
performance of steel-concrete elements of the pontoon
dock hull based on the terms of the bending strength and
torsional resistance, water resistance and sealing, allowed
getting the necessary combination of thin-walled elements
with the minimum use of steel for the first time in the world
practice of dock construction which has reduced the amount
of reinforcement almost by 3 times. This has ensured the
implementation of effective and unique dock design with
the minimum hull weight, board draft and height [11].

The new developed materials for the steel-concrete
structures on the basis of the modified concrete provide
their durability and significantly prolong its service
in seawater. The use of such solutions sets the native
construction technology of the composite floating docks
apart from overseas. Fig. 1 shows the formation of the
new steel-concrete pontoon of the new lightweight con-
struction of the floating dock with the buoyant power
0f 25,000 t in the docking chamber of the Kherson State
Plant “Pallada”.

Based on the analysis of the possibility of the dock
service of the vessels of various types and dimensions the
range of composite floating docks of the varying buoyant
power from the standardized designs has been developed.
To create such a range the dock with minimum length
has been defined which can efficiently accommodate all
functional premises and mechanisms [12].

When the factory receives an order for the dock of the
huge buoyant power the dimensions (length and width)
of the main dock can be increased by means of the ad-
ditional pontoon-attachments that are spliced afloat. The

Fig. 1. Formation of the steel-concrete pontoon of the floating
dock with the buoyant power of 25,000 t in the docking cham-
ber of the plant

Puc. 1. DopmupoBaHue ene300€TOHHOTO TOHTOHA TIABYyYETO
JoKa morpeMHoi cuitoit 25000 T B ToK-Kamepe 3aBoja
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Ha JIPYTOii, YTO NPHBOJUT K 3HAYUTCIIBHOMY O0ObEMY MPH-
MCHCHHUSI apMaTypHOH CTald Ha apMHUPOBAHKE TOJICTO-
CTEHHBIX TUTUTOYHBIX 0€3peOPUCTHIX KOHCTPYKIIHH C PEIIKO
YCTaHOBJICHHBIM TTOAKPEIUIIIONIIM HaOOpOM M BOOOIIIE
0e3 Hero. Pa3paboTaHHbIi METOJT pacyeTa CyI0BBIX JKeJIe30-
OCTOHHBIX KOHCTPYKLIMH, YYUTHIBAIOIINNA COBMECTHYIO pa-
00Ty HabOpa KopITyca C TIPUCOCANHECHHBIM ITOSICKOM OOIIIHB-
KU, TTO3BOJIIJT 3HAYUTEIIFHO YMEHBIIHTH €€ TONIIMHY U HE
TIOIKPEIUIATE TOTIOTHUTEIFHBIMI apMIPOBaHHBEIME pedpa-
MU Habopa. [TpoBeneHHbIE HCCIIeIOBaHMs B YacTH 00ecTie-
YEHHsI ONITUMAIILHOM pabOThI XKEJIC300CTOHHBIX HIEMCHTOB
KOpITyca MOHTOHA JIOKAa WCXOMS W3 YCJIOBUH MPOYHOCTH
Ha M3TH0 M KPYYCHHUE, BOIOHETIPOHUIIAEMOCTH U TePMETHY-
HOCTH JTaJT BOSMOYKHOCTH BIIEPBBIC B MHUPOBOH TPAKTHKE
JOKOCTPOCHHS TIOJTY9IUTh HEOOXOANMbIe KOMOWHAINN TOH-
KOCTCHHBIX JJIEMCHTOB C MUHUMAJIbHBIM HCIIOJIb30BAHHUEM
CTaJIM, YTO TMO3BOJIUJIO COKPATUTh KOJMYCCTBO apMaTypbl
MOYTH B 3 paza. D10 00eCHeUMIO CO3IaHIe SIKOHOMUTHOM
Y YHUKAIGHOW KOHCTPYKIHH JT0KAa ¢ MHHUMAITLHBIMH Be-
COM KOpITyca, OCaJIKoi 1 BBICOTO# Gopra [11].

Pa3zpaboranHbie HOBBIE MarepHaibl JIIS JKele300e-
TOHHBIX KOHCTPYKIMH Ha OCHOBE MOAMU(UIMPOBAHHOTO
0eToHa 00CCICUMBAIOT UX JIOJTOBCYHOCTh U 3HAYUTCIIb-
HO YBEJIMYHMBAIOT MPOJOKHTEIFHOCTh IKCIUTyaTaluu
B MOpCKoO# Boze. [IprMeHeHne TakuX perieHnii BBITOHO
OTIMYACT OTEYECTBEHHYIO TEXHOJIOTHIO CTPOWTENHCTBA
KOMITO3UTHBIX MJIaByYUX JIOKOB OT 3apyOexHoi. Ha puc. 1
OKa3aHo (POPMHUPOBAHKE HKEIIC300€TOHHOTO TIOHTOHA HO-
BOI1 00JIErYCHHOW KOHCTPYKITUH IJIABYYEro J0Ka MOIbEM-
Hoit cuioit 25000 T B nok-kamepe XI'3 «llammanay.

Ha ocHoBe aHamm3a BO3MOKHOCTH OOCITY:KHBaHHS
JIOKOM CYJIOB Pa3IMYHBIX THIIOB U pa3MepeHuii ObII pas-
paboTaH KOHCTPYKTUBHBIN P KOMITO3UTHBIX TUIABYYHX
JIOKOB Pa3jMYHON MOABEMHON CHIIBI M3 YHUPHUIIUPO-
BaHHBIX KOHCTPYKIMA. [ co3manus Takoro psina ObLT
OTIpeNieNIeH JIOK ¢ MUHUMAJBHOHN IUTHHOW, Ha KOTOPOM
MOYXHO DAaIMOHATBHO Pa3MECTHTh BCE (PYHKIHMOHAIB-
HbIe TIOMeIIeHUs 1 Mexauu3Mbl [ 12]. TIpu mocTyriennn
Ha 3aBOJ 3aKa3a Ha J0K OOJIbIIeH MTObEMHOI CHITBI pa3-
Mepbl (IUIMHA W IIMPUHA) OCHOBHOTO JIOKa MOTYT OBITh
YBEJIIMYCHBI C TIOMOIIBIO JTOTOTHUTEIBFHBIX TTOHTOHOB-
MIPUCTABOK, KOTOPHIE CPAITUBAIOTCS Ha TUIABY.

Pa3paborana HOBasi TEXHOJIOTHS CTPOUTEIBCTBA KOM-
TIO3UTHBIX IJIABYYHX JTOKOB 6OHBIHOﬁ HO}I’LGMHOﬁ CHJIbI
(ot 13500 1m0 30000 T) ¥ MPaKTUYECKH JTIFOOBIX Pa3MEepPOB
(umHO# Gosee 200 M, mupuHON Oonee 50 M, BHICOTOM
MTOHTOHA 10 7 M) U3 OTJCIBHBIX KPYITHOTA0APUTHBIX Ya-
CTeH ¢ MOCIEAYIOINM OECKECCOHHBIM CPAIIMBAHUEM
KOpITyca I10 JUIMHE U IIUPUHE Ha IJIaBy 0e3 TPUMEHEHUS
MOJIBOJIHO-TEXHUYECKUX padot. [Ipu 3TOM Meramtuye-
cKue OalllHi OCHOBHOT'O IIOHTOHA M IOHTOHOB-TIPHCTABOK
COCITUHSIFOTCST MEXKIY COOOH C MMOMOIIIBIO CBAPKH.

Bo3moxxHBI Ba BapuaHTa CpallliBaHUsl 4acTeH Ke-
71e300€TOHHOTO TTOHTOHA JTOKA: HAJABOIHOE W HA IUIABY.
HanBoanoe cpamuBanue BecbMa 3(h(HeKTHBHO, MOCKOJb-
Ky COKpamaer 00beM padoT MO CTHIKOBBIM COCTUHCHU-
sM jioka. IIpu 3TOM cmyck uacrteil »eine300eTOHHOTO
MTOHTOHA Ha BOJY BO3MOJKEH C TIOMOIIHIO KO3JIOBBIX Kpa-
HOB OOJBIION TPY30MOABEMHOCTH WM TpebeHYaToro
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new technology of the construction of the composite float-
ing docks with the huge buoyant power (from 13,500 t
to 30,000 t), and almost of any size (with the length of more
than 200 m, the width of more than 50 m, the pontoon
height up to 7 m) from individual large parts followed by
the caissonless housing merging on the length and width
afloat without underwater engineering work. Thus the steel
towers of the main pontoon and the pontoon-attachments
are connected to each other by welding.

There are two options of merging of the steel-con-
crete pontoon parts of the dock: overwater and afloat. The
overwater merging is rather effective, as it reduces the
amount of works on the butt joints of the dock. Thus, the
launch of the parts of the steel-concrete pontoon is pos-
sible by means of the frame cranes with the huge lift
capacity or the card-edge slip. To implement this method
the powerful expensive equipment is required: the frame
crane of g/ n 1000 t with a case bay of 63 m or the card-
edge slip of g/ n 1800 t. The means to purchase them are
not available at the plant.

The conducted research resulted in the developed
technology of the caissonless merging of the steel-con-
crete pontoon parts afloat of virtually unlimited dimen-
sions without underwater engineering work [4, 13, 14].
The developed technology of the caissonless merging is
as follows. After the outlet from the dock cameras the
longitudinal, and if necessary, the cross merging of the
steel-concrete pontoon parts of the floating dock is per-
formed. Structurally, the node of the merging of the pon-
toon parts of the dock afloat consists of the plates of the
bottom shell which has bosses in the joint, faced with the
deep channels between which there is a flexible profile
rubber channeling (Fig. 2).

For merging one part of the dock is installed and
secured to the outfitting quay, and then the second part
is moored to it. In this case, preventive measures are
taken to avoid the damage of the beams and the elas-
tic water stop in the node of the steel-concrete pontoon
pieces merging. The moored part of the pontoon is bal-
lasted until a slight tilt is obtained to the side of the dock
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ciuna. st peanuzanuy 3TOro crocoda HEoOXOIUMO
MOIITHOE TOPOTOCTOsIIee 000pyI0BaHNE: KO3JIOBOH KpaH
rpy3onoabeMHocTrio 1000 T ¢ mposierom 63 M unu rpe-
OeHuarelii ciun rpy3onoxabeMHocThio 1800 T. Cpenctaa
Ha UX MPHUOOpPETeHNE Ha 3aBOJIC OTCYTCTBYIOT.

B pesynbrare mpoBeeHHBIX HCCICIOBAaHUN pa3pado-
TaHa TEXHOJIOTHsl OECKeCCOHHOT'O CpaIllMBaHMs Ha TUIaBY
yacTell KeIe300€TOHHOTO TOHTOHA MPAKTHYECKH He-
OTpaHUYCHHBIX Pa3MepoB Oe3 TPOBEICHUS ITOIBOIHO-
TexHu4yeckux pador [4, 13, 14]. Pa3paboranHas Tex-
HOJIOTHSI OECKECCOHHOTO CpAllUBaHUS 3aKJII09aeTCs
B cienyromeM. [Tocie BEIBO/Ia U3 TOK-KaMep MPOU3BOIAT
MIPOJOJILHOE, a ITPU HEOOXOIMMOCTH U TIOIIEPEYHOE Cpa-
IIMBAaHUE YacTel jKeIe300€TOHHOTO OHTOHA TJIABY4ero
noka. KOHCTpYKTHBHO y3el CpaluBaHus YacTel TOHTO-
Ha JI0Ka Ha IUIaBy COCTOUT M3 IUTUT THUIIEBOH OOIINBKHY,
UMerollell B pailoHe CThIKA IMPUIIMBBI, OOJHIIOBAHHBIC
[IBEJUIEPAMHU, MEXKITY KOTOPBIMHU PACIIOIOKECHO ITaCTHY-
HOE YIUTOTHEHHUE 13 PODUIBLHOI pe3uHs! (puc. 2).

JUis cpamumBaHMA YCTaHABIMBAIOT M 3aKPEIISIOT
K JOCTpOeYHOW HaOepe)KHOW OIHY W3 YacTed MIoKa,
a K Hell mpUIIBapTOBBIBAIOT BTOPYIO 4acTb. [Ipu sToM
MPUHUMAIOT TPERyNpPEeIUTEeIbHBIC MEphl, HCKIIOYaio-
e TIOBPESKACHHE OAJIOK W 3JIaCTUYHOTO YIUIOTHEHUS
B y3JI€ CPAIMBAHMsI YacTEH jKese300eTOHHOTO TOHTOHA.
[IpumBapTOBaHHYIO YacTh MOHTOHA OAJUIACTHPYIOT 10
MTONyYCHNST HE3HAYUTETHHOTO KpeHa B CTOPOHY YacTH
JIOKa, 3aKpeIvIeHHOW K HabepexxHoil (puc. 3,a). 3arem
0a/UTaCTUPYIOT 00€ YaCcTH MMOHTOHA 10 MPHUHITHUS UMH
TIPOEKTHOTO TOJIOKEHUS ¢ y4eToM OyIyIIiX CMEIIeHU
IIPU TIPOBEJCHUU OOXKATHSI AIACTUYHOTO YIUIOTHEHHSI.
s 3TOrO mepesn CTHIKOBKOM yacTell MOHTOHA B 3aMKO-
BBIC COCIOMHEHHUS OAalOK YCTaHABIHMBAIOT CIICITHAJIHLHBIC
MEpHBIE MIPOKIAIKU.

CTBIKOBKY MPOBOJSAT JI0 yHopa OajloK B 3aMKOBBIX
coeMHEHUAX. B3anmMHOoe monoxkeHne 4yacTed MOHTOHA
pPEeryaupyroT ¢ MOMOIIBIO MONEPEUHBIX U MPOJOIBbHBIX
cTspKeK. [l BBIMOTHEHHs paboT MO CBapKe apMaTypHBIX
BEIYCKOB W OCTOHHPOBAHHUIO CTHIKA B KKIOH YacTH
MIOHTOHA NPEAYCMOTPEH CIELHUAIbHBIA TEXHOIOTHYe-
CKHMI OTCEK, KOTOPBIN MOCIIe CTHIKOBKH TPEBPAIAETCS
B €IMHBIN OTCEK 10 Bcer mmune [4, 13] (puc. 4).

Fig. 2. The joint node of the steel-concrete pontoon for its parts merging:
Puc. 2. Y3en cTbika 5xene300€TOHHOTO MOHTOHA YISl CPALIUBAHUS €r0 YaCTeH:

a) — the joint with the stopwater for the pontoon merging / CTHIK C YIIIOTHUTEIBHOW MPOKIAIKOW O CpallWBaHUs MOHTOHA;
b)—6) — the junction after the pontoon merging / CTBIK MOCIIE CPALMBAHKS TOHTOHA

1 — the pontoon butt edges / cTIKyeMble KDOMKH TIOHTOHA; 2 — the starter bars of the junction /| apMaTypHbIe BBIITYCKH CTHIKA,
3 — the compression keeper screw |/ BUHT KpeIUICHUs NPOKIAAKu; 4 — the embedded channel iron | 3axmamgHO# mIBemep;
5 — the rubber stopwater / ynnoTHUTENbHAS pEe3WHOBAs MPOKIAnKa; 6 — the method improvement of the pontoon outer plating /

TEXHOJIOTHUECKOE YCHIEHHE HApY KHOH OOIIMBKY IIOHTOHA
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attached to the waterfront (Fig. 3a). Then the two parts
of the pontoon are ballasted before they take their de-
sign position with a view to the future shifts during
the elastic water stop compression. To do this, before
jointing the pontoon parts into the interlocking joints
of the beams the special dimensional compressions are
installed.

The jointing is carried out to the beams stop at the
interlocking joints. The relative position of the pontoon
parts is controlled by the transverse and longitudinal ties.
To conduct the work on the starter bars welding and the
joint concreting in each of the pontoon parts a special
technological compartment is planned which transforms
into a single compartment along the entire length after
joining [4, 13] (Fig. 4).

The starter casing of the berth-deck has the bars
on the lower tier which form an elastic hinge evenly
along the jointing when compressing the elastic water
stop (Fig. 5). The compression of the elastic water stop
of the pontoon parts at the jointing of the bottom is per-
formed by its rotating around the elastic hinge as a result
of the water pumping from the pontoon compartments.
Subsequent compression of the jointing is performed
by means of the adoption of the ballast into the side com-
partments.

N°2 (2) 2014

2 1 2 1 2
a) b)-6)
Fig. 3. Station keeping of the floating dock parts before the pon-
toon merging:

Puc. 3. Tlo3unnonupoBanue yacTeil IUIaBydero Jioka Inepen
CpalMBaHNEM TIOHTOHA:

a) — pre-setting of the dock parts before the pontoon merging /
MpeBapUTeNbHAS YCTAHOBKA YacTell 10Ka; b)—6) — position of
the pontoon parts when merging / IONO)XEHUE YacTel IOHTOHA
TIPH CPALIUBAHUI

1 — production unit of the pontoon parts merging / TeXHO-
JIOTHYECKUH y3el CpalliBaHus yacTeil moHToHa, 2 — ballast /
Gammact

ApMmarypHBId KapKac crareib-najayObl UMEeT BbI-
MyCKU Ha HWKHHU SIpyC, KOTOpbIE NPH OOXKaTWUHU 3Jia-
CTHYHOTO YIUIOTHEHHS O0OpasyloT YHpYruil MIapHHD
paBHOMEPHO BIOJb BCEro CThIKA (puc. 5). Obxarue 3ma-
CTMYHOTO YIUIOTHEHUs YacTeH ITOHTOHA IO CTBHIKY JHH-
112 OCYIIECTBIISIIOT IIYyTEM €ro BpalleHHs BOKPYT YIpY-
roro IapHUpa B pe3yJbTare OTKauKd BOJbI U3 OTCEKOB
noHToHa. [Tocnenyroiee ookaTre CThika 00eCIeunBaOT
3a CUeT MPHUHATHS OaiacTa B 00PTOBBIE OTCEKH.

View of the berth-deck 3

Merging area

Level of the berth-deck

—

v

\\ Technology

gl

G S

Dp

compartment

Fig. 4. Scheme of longitudinal merging of the semi-housing of the steel-concrete pontoon:

Puc. 4. Cxema IMPOA0JIBHOTO CpallluBaHUs IMMOJYKOPITYCOB JKeJIe300€ TOHHOTO MTOHTOHA:

1 — the steel strip which seals the merging area / MeTam4eckas moxoca, repMeTH3UPYIOIas paioH cpamuBanus; 2 — the bar
mat on the berth-deck /| apmatypHas ceTka Ha cranenb-nayoe; 3 — the paired centering beams with interlocking joints / mapHbie
LEHTPYIOMINE OaTK! ¢ 3aMKOBBIM COCIAMHEHUEM; 4 — the cross ties / IONepedHble CTSHKKH; 5 — the longitudinal ties / mpononbHEIE

CTSOKKH
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Fig. 5. Construction node of the elastic hinge:

2
/

3 1
5 4
Puc. 5. KoHCTpyKTUBHBIH y3eI1 yIIpyroro HapHupa:

1 — starter bars of the berth-deck | BbIycku apmarypbl
cranens-nanyosr; 2 — interlocking joint of the paired beams /
3aMKOBOC COCAMHEHHUE MapHOoW Oanku; 3 — one of the paired
beams /| onHa W3 mapHBIX 0anok; 4 — berth-deck / cranenb-
nanyba; 5 — recess of the technological compartment |
BBITOPOJIKA TEXHOJIOTHYECKOTO OTCeKa; 6 — strap of the elastic
hinge / nepeMbIvKa yIpyroro mapHupa

All the water is pumped from the technological com-
partment and the places in the jointing area are com-
pressed considering that the drainage system should
easily cope with the emerging filtrate. Then the drainage
system integration is performed and the filtration water
is continuously removed from the jointing area. After
drying of the technological compartment the bottom and
the heading joints are armored, the starter bars are weld-
ed, the formwork is set and the concreting is performed.
The bars of the armored elements of the technological
acceleration of the formwork are connected with jumpers
to perform the embedment of the bottom joint. After the
concreting of the bottom and butt joints the works on the
embedment of the berth-deck and cross bulk-heads joints
are performed.

In parallel with bottom plates concreting the dia-
phragms in the joint area are armored and concreted,
the starter bars in the joint area of the berth-deck are
welded. When concrete in diaphragms reaches at least
50% of grade strength the paired beams are dismounted
and the berth-deck is concreted. The developed method
of merging of the steel-concrete pontoon of the compos-
ite floating dock afloat requires minimal expenditures
to the sealing and performing a small amount of the in-
spection diving operations.

The caissonless merging of the steel-concrete pon-
toons of the composite floating dock afloat may be lon-
gitudinal as well as transverse, and it may be performed
in the Kherson State Plant aquatorium or on its basing site.

The pontoon merging afloat requires the high manu-
facturing accuracy and positioning of its parts in the joint
area because even their slight bending, especially in the
horizontal plane (e.g., from welding or thermal stress),
can make it impossible to close the joint tightly. The spe-
cial accuracy and the presetting of the dock parts inclined
to the center plane is required (Fig. 3a) to provide the
necessary compression of the joint after their return to the
design position (Fig. 3 b), but not earlier or later. The ab-
sence of rigid attachments during this operation which
fix the relative position of the dock parts respectively
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W3 TeXHOJIOTHYECKOTO OTCEeKA IMMOTHOCTHIO OTKAYHBa-
10T BOJy U YIUIOTHSIIOT MECTa B PailOHE CThIKA C TaKUM
pacdeToMm, YTOOBI OCYIIUTENIFHAS CHCTEMA JIETKO CITPaB-
JISUIACh C TTOSBUBIIMUMCS (prutbTpaTtom. 3arem IpoU3BOAST
MOHTaK CHCTEMBl OCYLICHUS M HENPEPBIBHO YIAJISIOT
(GUIBTpaIMOHHYO0 BOY M3 paiioHa cthika. [locie ocy-
LIEHUsI TEXHOJIOTUYECKOTO OTCEKa apPMHUPYIOT JHUILEBHIE
U TOPLEBBIE CTHIKH, CBAPUBAIOT apMaTyPHBIEC BBIIYCKH,
YCTaHABIHMBAIOT OMAITyOKy W MPOU3BOAAT OETOHMPOBA-
HUE. BBIMycKH apMHUPYIOIINX 3JI€MEHTOB TEXHOJIOTHYe-
CKOro yCHJICHUA O6H_II/IBKI/I COCIMHAIOT NEPEMbIYKAMU
JI0 OMOHOJIMYMBAHUSI JHUIIEBOTO CTHIKA. [Tocne 6eTonn-
POBaHMS THUIIEBOTO U TOPLIEBOTO CTHIKOB BBIMOJIHSIOT
pa6OTI)I 10 OMOHOJIMYMUBAHUIO CTBIKOB CTaHeHB-HaHy6BI
1 TIOTIEPEYHBIX TTePeOOPOK.

[MapannensHo ¢ OETOHUPOBAHMEM JHUILEBBIX IIUT
apMHPYIOT ¥ OCTOHHPYIOT AuadparMbl B pailOHE CThI-
Ka, CBApHUBAIOT apMaTypHBIE BBITYCKH B paliOHE CTHIKA
Ha ctanenb-nanyoe. [Tocie noctmkenns 6eToHOM B JHa-
¢parmax He Menee 50 % MapoYHONM MPOYHOCTH JIEMOH-
THUPYIOT TIapHBIE OalKi M OETOHHPYIOT CTaleIb-anxyly.
PazpaboTaHHbIi CIOCOO CpanBaHusI )KeJIe3006TOHHOTO
MTOHTOHA KOMITO3UTHOTO IIJIaBy4ero J0Ka Ha IUIaBy Tpe-
OyeT MUHIMAJIBHBIX 3aTpaT Ha TEPMETU3ALUIO U BBITIONHE-
HUSI HEOOJIBIIOr0 00beMa OCMOTPOBBIX BOJONIA3HBIX Pa0OT.

BeckeccoHHoOe cparnBaHie Ha IUIABY XKeIe300eTOH-
HBIX TTIOHTOHOB KOMIIO3UTHOIO IUIABy4YeTO JOKA MOXKET
OBITh KaK MTPOJOJIBHBIM, TaK M ITOTIEPEYHBIM 1 BBITIOIHSTh-
cst Ha akBaropuu XI 3 wiaM Ha MecTe ero 0a3MpoBaHMS.

CpamyBanve Ha IJIaBy IIOHTOHA TPeOyeT BBICOKOM
TOYHOCTH M3TOTOBJICHUS M MTO3MLIIMOHMPOBAHUS €TO Ya-
CTel B paliOHE CTBIKA, IIOTOMY YTO JIa)Ke HE3HAYHUTEIb-
HOE UX UCKPUBJICHHE, 0COOCHHO B TOPU30HTAIBHOM IIIO-
CKOCTH (HampuMep, OT CBAPOYHBIX WJIM TEMIIEPaTypHBIX
HalpsDKeHUH), MOXKET CZeiaaTb HEBO3MOXHBIM ILIOT-
HOE€ 3aKpbITHe CThiKa. HeoOxoaumMbl 0cobasi TOUHOCTb
U TIpEeIBAapHUTENbHAS YCTAaHOBKA HAKIOHEHHBIX K JIHa-
METpaJbHOHN IUIOCKOCTH YacTed Joka (cM. puc. 3,a),
YTOOBI ITOCIIE X BO3BPAIICHUS B IPOESKTHOE MOJIOKEHUE
(cM. puc. 3,0), a HE paHbBIIE WIH MOIKE, 00CCICUUTH
IIpelycMOTpEeHHOEe oOkaThe CThIKa. OTCYTCTBHE IIpH
9TOH OmNepanyy >KECTKUX KPEIJICHUH, (UKCUPYIOMINX
B3aMMHOE ITTOJIOKEHHUE JACTEH JJOKAa OTHOCHTENIBHO JPYT
Jpyra, TpeOyeT 0coOeHHO ONAaronpHsATHBIX BETPOBOJHO-
BBIX yCJ'IOBI/Iﬁ Ha aKBaTOPHHU 3aBOJa Ha IMMPOTAKCHUU BCETO
JIOCTaTOYHO JUTUTEIEHOTO IIEPHO/A CPAIIBAHHS TOHTOHA.

[pu npoBeneHNH cpalMBaHKs Ha IUIABY YacTEH ITOH-
TOHA Ha HUX YCTAHABIMBAIOT M0 Pa3METKE U 3aKPETUISIOT
napHbIe OAJIKHU C pa3beMHBIMU 3aMKOBBIMU COEMHEHMS-
MH, KOTOpble (MKCUPYIOT IOJIO)KEHHE YacTel IMOHTOHA
JIOKa KaK B BEPTUKAJIBHOM, TaK ¥ TOPU3OHTAIBHOM TII0-
ckocTsax. Yactu Kene300€TOHHOTO MOHTOHA OanjacTu-
PYIOT 710 3aHATHSI UMM TIOJIOKEHHSI Ha POBHBIIN Kb IPU
OJIMHAKOBOM OCaJKe.

HecmoTpsi Ha DKOHOMHUECKYIO 11€J1ec000pa3HOCTh
MIPUMEHEHHUS KOMITO3UTHOH KOHCTPYKLIHH IUIaByde-
ro JI0Ka, pa3paboTKa M CO3/1aHHE KadeCTBEHHOTO KOH-
CTPYKTHUBHOTO y3J1a COSTMHEHUS METAJUTMUECKOW OarHu
C KeNe300eTOHHBIM TOHTOHOM U () (EeKTHBHOH TexX-
HOJIOTUHM €r0 M3TOTOBJICHHS — OYCHb CIIOKHAs 3ajada.
HOCKOJ'II)Ky B KOMIIO3UTHOM JJOKE€ IIOSIBHJIUCH 3aKJIAQIHbIC
JeTaNy [T TIPUBAapKU OallleH JJIMHOHW, paBHOM IHHE
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to each other requires particularly favorable wind and
wave conditions in the plant aquatorium over the long
period of pontoon merging. During the joining of the
pontoon parts afloat the paired beams with the split in-
terlocking joints are mounted on them, marked and in-
stalled which fix the position of the dock pontoon parts
in both vertical and horizontal planes. The parts of the
steel-concrete pontoon are ballasted until they occupy
the position on an even keel with the same sediment.

Despite the economic feasibility of composite float-
ing dock structure application, development and con-
struction of the high-quality structural connection of the
metal tower with the steel-concrete pontoon and the ef-
fective technology of its manufacture was a very difficult
task. As the fixings for towers welding with the length
equal to the length of the dock appeared in the compos-
ite dock, the result of longitudinal bending during the
ships uplift and the sea track sides along these details
was the cracks from the body bending in waves. Thus,
water resistance of the dock body was significantly dis-
rupted. To finalize the long-haul metal tower connection
construction with the steel-concrete pontoon except the
alternative calculations the half-sized modeling was ap-
plied which resulted in the addition of the metal beams
with the corresponding increase in construction by the
mortgage details for their attachment into the connection
construction, the anchoring system of the mortgage de-
tails was improved and the details were added to improve
the concrete merging of the pontoon body with the mort-
gage details. Connection of the tower with the pontoon
is performed by means of the cruciate mortgage details.
The solid vertical lines of the cruciate mortgage details
are connected by the welding joint with the towers form-
work, broadside reinforcement and the longitudinal pon-
toon bulkhead.

Before installing the section blocks on the pon-
toon the main body saturation is mounted in them and
the intersection connections are tested for proofness.
The dock towers are formed of the section blocks from
the mid-section to the bow and the stern. After testing
mechanisms, piping and equipment are installed in them.
The basic principle in the technology of the mechani-
cal installation and tubes installation works is the maxi-
mum transfer of the preparatory work amount from the
dock into the production units and on the outfitting quay.
The great amount of work in the dock towers is per-
formed by the large-block method based on the layout
of the most saturated areas. It is accomplished by means
of the module-aggregation method of design and the as-
sembly of the dock power complexes. When making the
assembly blocks (units) the functional grouping of mech-
anisms, armoring, piping and instrumentation is adopted.
The number of the assembly blocks, their relative po-
sitions in the premises of the dock power complex, the
rational layout of communications between the blocks
and units are determined by means of the design and
manufacture of the layout. In the areas of the engine and
compressor units, the premises of the converters provide
the unitized blocks weighing up to 50 tones in special
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JI0Ka, TO B pe3ylbrare MpoJOJbHOrO M3rnda mpH Moj-
HSATHU CyIOB WJIM NIPU MOPCKHUX TIEPETOHAX BIOIb TUX
JeTaneil TOSBISUTUCH TPEHIMHBI OT H3rHda KopIyca
Ha BoJIHEHUH. [IpH 3TOM CyIIECTBEHHO HapyIiaizach BO-
JIOHETIPOHUIIAEMOCTh KOpITyca J0Ka.

Jnst oTpabOTKH KOHCTPYKIMHN Y3714 COCANHEHHS Me-
TAJUINYECKOW OamHu OOJIBIION MPOTSHKEHHOCTH C JKejle-
300€TOHHBIM TIOHTOHOM KPOME BApHAHTHBIX PACUCTOB
OBbIIO MPUMEHEHO TOMYHATypHOE MOJIEIMPOBAHKE, B pe-
3y/bTare KOTOPOTrO B KOHCTPYKIIMIO y371a ObLIN BBEICHBI
METAJJIMYCCKUC 6I/IMCBI C COOTBETCTBYIOIINM YCUJIICHUEM
KOHCTPYKIIMH 3aKJIaJHBIMH ACTAISIMHU JUTSl X KPETIICHMS,
YCOBEPIICHCTBOBAaHA CHCTEMa aHKEPOBAHUS 3aKJIaHBIX
;[eTaneﬁ u I[O6aBJ'IeHI)I JCTaJIn I MMOBBINICHUS CLCILIC-
HUs OETOHA KOpITyca IMOHTOHA C 3aKJIAJHBIMU JETaIISIMU.
CoenmHeHne OalIHKU ¢ TOHTOHOM OCYIIECTBIISIETCS C TIO-
MOUIBIO KPECTOBUIHBIX 3aKJIaIHBIX I[eTaJ'Ieﬁ. CruoLIHEIe
BEPTHKAJIbHBIE MOJIOCHI KPECTOBU/IHBIX 3aKJIaJHBIX JETa-
JIel CoeJMHEHB! CBAPHBIM IIIBOM C OOIIMBKOH OareH, ap-
Marypoi 60pTa 1 IPOJIONIBHOM IepeOOPKOI MOHTOHA.

Jlo ycTaHOBKM Ha TOHTOH OJOKOB CEKIMH B HUX
YCTaHaBIMBAIOT OCHOBHOE KOPIIYCHOE HACHIIICHUE
U MPOM3BOMSAT UCIBITAHHE BHYTPHCEKIMOHHBIX COC/IH-
HEHHWH Ha HEMPOHHUIIaeMOoCTh. bantan 1oka GopMHuPYIOT
13 OJIOKOB CEKIMH OT MUJIEIIS B HOC M KopMmy. [Tocie mpo-
BEJ/ICHHS HCIIBITAHUH B HUX yCTaHABJINBAIOT MEXaHNU3MBI,
TpyOOonpoBoabl U obopynoBanne. OCHOBHOW MPUHIIHII,
3aJI0’KCHHBIH B TEXHOJIOTHIO MEXaHOMOHTAXHBIX U TPY-
OOMOHTa)XXHBIX pabOT, — MaKCHUMaJIbHBIN IEPEHOC TO/-
TOTOBHUTEIBHBIX O0OBEMOB 3THUX pabOT C JO0Ka B IEXH
1 Ha IOCTPOCUHYIO HAOEPEKHYIO.

Bonbimii 00beM paboT B GamIHsX J0Ka BHIMTOIHSIOT
KPYITHOOIIOYHBIM METO/IOM Ha 6a3e MaKeTUPOBAHUS HAU-
0olee HACBHIMICHHBIX MOMEMICHUH. DTO OCYIIECTBISIOT
IyTeM MOJYJIbHO-arperaTHoro MeToja MpOeKTUPOBAHMS
Y MOHTa@)Ka DHEPreTHUECKHX KOMIUIEKCOB Jloka. [Ipu co-
3JaHUY MOHTQXHBIX OJIOKOB (arperatoB) MpHHATA QyHK-
LMOHAJIbHASl TPYNIMPOBKA MEXaHH3MOB, apMaryphl,
TpyOOIpPOBOAOB U MpUOOPOB. UNCIO MOHTAXHBIX OJ0-
KOB, UX B3aMMHOE PACIIOJIOKEHHE B TIOMEIIECHHUSAX SHEp-
TeTHYECKOT0 KOMIIIEKCa JIOKa, PAIOHAIbHOE PACIIONO-
JKCHHE KOMMYHMKAIUIl MeXTy OJOKaMH M arperaraMmu
OTIPEZICTISIIOT ITyTeM pa3pabOTKN M M3TOTOBIECHHS Make-
Ta. B palfoHax MaIMHHOTO ¥ KOMITPECCOPHOTO OTAEIe-
HUIA, TIOMEIIeHHs TpeoOpa3oBaresieil MpeaycMaTpiBatoT
YKpyImHEHHBIE O10KM Maccoil 10 50 T B cCHennaIbHBIX
kapkacax. @opmupoBaHue OONBIIMX OJOKOB M arpe-
raToB OCYHIECTBIISIIOT Ha Y4YacTKe arperaTHpoBaHusl.
Bbnoku m arperartsl 3arpyaroT B OJOKH CEKITHI OarrHu
JI0 X HAKPBITHA OOBEMHBIMHU CEKIMSIMHU, PacIONOXKEH-
HBIMH BblIe TTany0 nim miardopm. [Tocne 3aBeprienus
CTPOUTENHCTBA YAaCTEH JI0KA MX BBIBOIAT U3 JOK-KaMmep
Ha aKBaTOPHIO 3aBOJa JUIS CPAIMBAHUS TTOHTOHA W 3a-
BEpLICHUSI JOCTPOCUHBIX PAOOT.

Jloxu umMeroT aBTOMaTU3MPOBAHHYIO CUCTEMY YITpaB-
JICHNS] MEXaHM3MaMH, 3JIEKTPOHHBIE CHCTEMBI OIIpeie-
JICHWSI YPOBHS BOJBI B OaIaCTHBIX LUCTEPHAX, KPeHa
u nuddepenTa, nporuda goKa Mpu MeperoHe u KCIuIya-
TaINX U SBJISIOTCS SKOJIOTHIECKH 0e30MaCHBIMH.

B pesynbrare mpoBeICHHBIX HayYHBIX HMCCIIEIOBAHHI
U OIBITHO-KOHCTPYKTOPCKUX Pa3padOTOK CO3/IaHbl KOHKY-
PEHTOCTIIOCOOHBIE HA MUPOBOM CY/IOCTPOUTEIIBHOM PBIHKE
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frames. The formation of the large blocks and units
is performed at the aggregation sites. The blocks and the
aggregates are loaded into the tower section blocks until
they are covered with the massive sections located above
the deck or the platform. After the completion of dock
parts construction they are taken out from the dock cam-
eras to the plant aquatorium for the pontoon merging and
the outfitting works completion.

The docks have automated machinery control systems,
electronic systems for water level indication in the ballast
tanks of the pitch and the roll, the dock bending at the stretch
and operation. The docks are environmentally safe.

As a result of the conducted research and design and
experimental activities the composite floating docks of do-
mestic construction are made with the buoyant power from
8,500 tones to 30,000 tones which are competitive on the
global shipbuilding market. Their manufacturing is mas-
tered and their widespread adoption is achieved [11].

The designed and built composite floating docks are
the unique structures. They correspond to the Classifica-
tion Rules of the Russian Maritime Register of Shipping,
and their characteristics provide the towing capability from
the port of Kherson to the Far East, Kamchatka, the Kola
peninsula and to other regions of the globe (Fig. 6).

The composite floating docks with the big buoyant
power for different purposes are in great demand in many
countries around the world. In accordance with the new
technology over 30 composite floating docks with the
buoyant power from 8,500 tones to 28,000 tones are
built and delivered to the Customers: to the Russian Fed-
eration, Japan, South Korea, Finland, Turkey, Bulgaria,
Vietnam, Algeria, the United Arab Emirates, Qatar. The
unique docks for the nuclear submarines dismantling are
delivered also for the Navy of the Russian Federation.

The new developed technologies and the docks con-
structed according to them are unique in the world prac-
tice of dock construction. For construction, development
and widespread adoption of new competitive composite
structures of domestic construction the specialists and
scientists among whom there were the authors of this
article were awarded with the State Prize of Ukraine
in Science and Technology.

CONCLUSION. 1. The unique technology of com-
posite floating docks construction was developed for the
first time which has no analogues in the world practice.
They have almost unlimited buoyant power and dimen-
sions and are made of separate large parts with further
caissonless merging of the steel-concrete pontoon afloat
lengthwise and edgewise without underwater engineer-
ing work which can be used as at the plant-builder of the
dock, and the location of its operation.

2. The developed design of the pontoon nodes jointing
with the metal towers has no analogues in the world prac-
tice of floating steel-concrete structures construction.

3. According to the new technology more than
30 composite floating docks with the significant buoyant
power which are competitive on the global shipbuild-
ing market are constructed and delivered to the various
countries of the world.
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Fig. 6. Repair composite floating dock with the buoyant power
of 13,500 tones before delivery to the Russian Federation

Puc. 6. PeMOHTHBII KOMITO3UTHBIH TIaBy4Hil TOK TOABEMHOM
cuoii 13500 T mepen mocraBkoit B Poccuiickyto deneparmro

KOMIIO3UTHBIE IUIAaBYy4YHE JOKU OTEYECTBEHHON KOHCTPYK-
mn nogbeMHo# critoit ot 8500 mo 30000 T, ocBoeHO MX
MIPOM3BOICTBO U OCYLIECTBICHO LIMPOKOoe BHeApeHue [11].

CrnpoeKTHPOBAaHHBIE U TOCTPOCHHBIE KOMITO3UTHBIC
TUTaBY4He JIOKH SIBISIOTCS YHUKAJIBHBIMH COOPY)KEHHMS-
Mu. OHH COOTBETCTBYIOT KiaccupukarmoHHbM lpa-
BuiaM Poccuiickoro Mopckoro Perucrpa cynoxoncrsa,
a MX XapakTepHCTHKH 00eCHeYrBalOT BO3MOXKHOCTD
OykcupoBKH M3 TopTa I. XepcoHa Ha Jlansuuii Boctok,
Kamuarky, Konbckuil moayocTpoB u B Apyrue peruoHbl
3eMHOTO Iapa (puc. 6).

KoMro3uTtHsIe M1aBydne J0KU OOJIBIION TOIBEMHOM
CHJIBI Pa3JIMYHOTO HA3HAYCHUS MOJIB3YIOTCS OONBIIUM
CIPOCOM BO MHOTHX cTpaHax Mupa. ITo HOBoOM TexHONO-
I'MH OCTPOEHO 1 OCTABJICHO 3aKazynkam Oosee 30 koMm-
[O3UTHBIX IJIaBYYUX JOKOB OABEMHOM cuiioif ot 8500 T
1o 28000 1: B Poccuiickyto ®enepanuto, Anonuto, KOx-
nyto Kopero, Ounnsanauto, Typuuto, bonraputo, Brer-
HaMm, Aipkup, OAD, Karap. B Tom uucie it BM® Poc-
cuiickoit denepanuy NOCTaBJICHbl YHUKAJIbHbBIC JOKH
JUTA YTUIM3AaLWAU ATOMHBIX TTOABOAHBIX JIOZOK.

Pa3paboTaHHble HOBbIE TEXHOJIOTUH U TOCTPOCHHbBIE
10 HUM JIOKM HE MMEIOT aHAJIOroB B MUPOBOM MpPaKTHU-
K€ JIOKOCTPOEHHUs. 3a CO3/aHHe, OCBOCHUE U LIUPOKOE
BHEJ[PEHHE HOBBIX KOHKYPEHTOCIIOCOOHBIX Ha MHpPO-
BOM pBIHKE IUIaByYUX KOMIIO3UTHBIX COOpPYXKEHHUH OTe-
YECTBEHHOW KOHCTPYKIMU CIICHHAINCTaM U YYCHBIM,
B YHCIIC KOTOPBHIX OBUIM aBTOPBI JAAHHOHM CTaThH, MpPH-
cyxneHa [ocynapcTBeHHAs ipeMusi YKpawHbI B 00JIaCTH
HayKH U TEXHHUKH.

BBbIBOJDbI. 1. Briepseie paspaboTana He UMEIOIIast
aHaJIOTOB B MUPOBOM MPAKTUKE TOKOCTPOCHHUS YHUKAIb-
Hasl TEXHOJOTHUS CTPOUTEIHCTBA KOMIIO3UTHBIX ILIaBY-
YUX JOKOB IPAKTUYECKU HEOIPAHUYECHHOM NOIXBEMHOU
CHJIBI U Pa3MEpOB M3 OTAEIBHBIX KPYITHOraOapHTHBIX
YyacTel ¢ MOCIEAYIONMM OECKECCOHHBIM CpallliBaHuEM
’KeJIe300€TOHHOTO MTOHTOHA 110 JUTMHE U IIUPHHE HA I1a-
By 0€3 IOJBOIHO-TEXHHUUYECKUX PabOT, KOTOpask MOXET
OBITh IPUMEHEHa KaK Ha 3aBOJE-CTPOUTENE JOKa, TaK
1 Ha MECTE ero AKCILTyaTaINH.

2. Pa3paboTanHas KOHCTPYKITHS Y3JIOB CpaIliBaHUS
MIOHTOHA C METAJUTMYECKUMH OAlTHAMHU HE UMEET aHaJIO-
TOB B MHPOBOMH IPAKTHKE CTPOUTEIHCTBA IIABYUUX XKe-
J1e300€TOHHBIX COOPYKESHHIA.

3. 1o HOBO# TE€XHOJIOTHU MIOCTPOCHO U MOCTABIEHO
B pa3JIMyHbIe CTPaHbl Mupa Oosiee 30 KOMITO3UTHBIX IL1a-
BYYHMX JOKOB OOJIBIION MOABEMHON CHIIBI, SIBIISIOIIUXCS
KOHKYPEHTOCIIOCOOHBIMU Ha MHUPOBOM CY/IOCTPOHTEIb-
HOM DBIHKE.
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Crarplo PeKOMEH/IyeT B IIe4aTh
II-p TeXH. HayK, mpod. FO. H. Kopobanos

KHMKHAA NMNOJIKA

HalumoHansHbiit YHNBEPCUTET KOpatnecTpoeHiis « oW
WmeHM aguupana Makaposa . - o F

Paukosckui A. C., Cyuwit H. T,
Konhos B. H., lljeaponioces A. B., Yanos A. H.

“ B moHorpaduu npuBeeHbl pe3ylbTaThl TEOPETUUYECKUX M IKCIIEPHMEH-

MpoekTupoBakue, TaJbHBIX MCCIEJ0BAHUH, IPAKTUUYECKOTO BHEJPEHUS, HAPABIEHHBIX HAa IIPOEKTH-
TexHonorus

Saiiadiat i : POBaHHE, TEXHONOTHIO W OPraHH3alMi0 CTPOMTENLCTBA KOMIOSHTHBIX IIABYHHX
cTpouTenbcTBa : JIOKOB OOJIBIIION TOIbeMHOM cuibl. Jlo HacTosAmel MOHOTpaduK HayuHas U TEXHU-
KOMUOSMTHED: Yyeckas JTUTeparypa Mo OMHUCAHHBIM BBIIIE TIpo0OieMaM 0TCyTCTBOBAJIA.

nrnaBy4ux OKOB

Ha ocHOBe mMpoBeJCHHBIX HUCCICIOBAHUN W KOHCTPYKTOPCKHX pPa3pabOTOK Co-
3[1AHO HOBOE ITOKOJICHHE COBPEMEHHBIX KOMIIO3UTHBIX IJIABYYHX JIOKOB OOJBIIONH
MOABEMHOU CHJIbI OTEUECTBEHHON KOHCTPYKIIUH, KOHKYPEHTOCIIOCOOHBIX HA MUPO-
BOM CYIOCTPOHUTEIHHOM PBhIHKE. 33 CO3/IaHUE, OCBOCHUE MPOM3BOICTBA U IIUPOKOE
BHEJ[PEHHE ATHX JIOKOB TIPYIIIE YYEHbIX, KOHCTPYKTOPOB U CICIHAIHCTOB MpPH-
cyxaena ['ocymapcTBeHHas mpeMusi YKpauHbl B 00J1aCTH HAYKH U TEXHUKA
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Abstract. The application of interval estimation of deviation of work duration under the time
management of projects of design vessels documentation development has been studied. The
aim of the study is to determine the possibilities to apply the interval estimation of deviation
of work duration on the basis of normalizing transformations. This will reduce the probability
of exceeding the time and budget of projects of design vessels documentation development.
The Johnson’s normalizing transformations and rules of interval arithmetic are applied to
determine the deviation of work duration in projects of design vessels documentation de-
velopment. Three types of interval deviation of work duration in projects of design vessels
documentation development are determined.

The example of usage of interval estimates of deviation of work duration is given on the basis
of Johnson’s normalizing transformations in projects of design vessels documentation devel-
opment. The research results can be used under the time management of projects of design
vessels documentation development. This improves the reliability of estimation of work dura-
tion deviation and helps to make the informed decisions to change the schedule of projects of
design vessels documentation development.

Keywords: project time management, project of design vessel documentation development,
Johnson’s normalizing transformation, interval arithmetic.

AnHoranus. [Tokazana BO3MOKHOCTh NMPUMEHEHHs] HHTEPBAJILHOTO OLIEHUBAHUSI OTKJIOHE-
HUH POAODKUTEIBHOCTH PadOT Ha OCHOBE HOPMAIIU3YIOLIEro Npeodpa3oBaHus [KOHCOHA
1 MHTEPBAJILHOM apr(METHKH /Il yIIPaBJICHHUS BPEMEHEM B IPOEKTAX pa3paboTKN KOHCTPYK-
TOPCKOW JOKyMEHTAIMHU CY/IOB, YTO MO3BOJIMT ITOBBICUTH JIOCTOBEPHOCTh OLIEHUBAHMSI OTKJIIO-
HEHUH MPOJIOIDKUTEIILHOCTH PaOOT ¥ yMEHBIIUTH PUCKHU TPEBBIMICHUS] CPOKOB ITPOCKTOB.
KuaioueBble ciioBa: ynpasieHne BpeMEHEM MTPOEKTA, IPOEKT pa3pabOTKH KOHCTPYKTOPCKOH
JOKYMEHTAllMd CyAHA, HOpMaju3ylollee mpeoOpasoBanue J[KOHCOHA, WHTEpBalbHAs
apudmeTka.

Anortanis. IlokazaHo MOXJIMBICTh 3aCTOCYBaHHS IHTEPBAJIBHOTO OIIHIOBAHHS BiJIXHJICHB
TPHUBAIOCTI POOIT Ha OCHOBI HOPMATI3yHOYOro MepeTBOpeHHs J[PKOHCOHA Ta IHTEPBAIBHOL
apuQMETHKH ISl YIPaBIiHHS YaCOM Y MPOEKTaX PO3POOKH KOHCTPYKTOPCHKOI TIOKYMEHTAIIT
CYJICH, 110 JIO3BOJISIE MiJABUILUTH JOCTOBIPHICTh OIIHIOBAHHS BIAXHMJICHb TPHBAJIOCTI POOIT Ta
3MEHIIUTH PU3UKH 00 MEPEBUILICHHSI CTPOKIB IPOEKTIB.

KoarouoBi csioBa: ympaBiiHHS YacoM IPOEKTY, IPOEKT PO3POOKH KOHCTPYKTOPCHKOT
JIOKyMEHTaIli1 Cy/lHa, HopMaJli3yloue repeTBopeHHs J)koHCOHa, iHTepBalibHa apU(METHKA.
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