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Auoranisi. ¥ cTaTTi BUSHAY€HO BUMOTH 11100 po3pobku ITpoekty Tpancrnoprhoi Cxemu Jloctasku Metase-
Bux Koncrpyxuiit (IITCAM), o6rpyHToBato HeoOxiaHicTh pozpobku IITCAM y cknani ITITP Ha MOHTax)
MeTaneBux rpardactux Oamrosux onop JIEII gk cnocoOy MiHimizailii 3aranbHUX BUTpar Ha Oy AiBeJbHO-
MoHTax)HI pobotu. [IpoaHaizoBaHO BITUM3HAHWUN Ta 3apyOiKHUN JOCBIN peasizallii epeBe3eHb METAIOKOH-
CTPYKIil, CTPyKTypa TPAHCIIOPTHOIO TIPOIECY, PO3IJIAHYTI CXeMU i COCOOU JOCTABKM METaJTOKOHCTPYKIIiH
orop JIEII aBToTpancnoprom. BuanaueHo Ta po3ristHyTO OCHOBHI (hakTOpH, IO BIJIMBAIOTH HA TPUBAJICTS i
BapTicTh mepeBe3enHs MK.

Kmouogi cioBa: ehexTUBHI CXeMU 0CTaBKM METAJIOKOHCTPYKIIii GamToBux rparuactux omop JIEIL,
aBTOTPAHCIIOPT, Oy i BETbHO-MOHTaKHI POOOTH, TIPOMUCIIOBI MeToau OymiBHuITBa, [IpoekT TpamcmopTHOi
Cxemn [loctaBkun MetaneBux KoHcTpyKIiii.
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Annoranus. B crathe onpegenenst TpeGoBanns 1t paspabotku IlpoexTa Tpancmoptaoit Cxemsr [locTaBkm
Merammyueckux Koucrpykiuii (IITTC/IM), obocHoBana HeobxoaumocTh paspabotku [ITCAM B coctaBe
IIITP Ha MOHTa)k METAJUIMYECKUX peIreTdaThix OGameHHbx omop JIDII xak crmocoba MUHUMHU3AIUN OGIIUX
3aTpar Ha CTPOMTENHHO-MOHTaXHbIE paboThl. IIpoaHaM3NpPOBaH OTEYECTBEHHBII U 3apyOesKHbBII OMBIT pea-
JIN3AIUHU TIEPEBO30K METAJNIOKOHCTPYKIIUH, CTPYKTYypa TPAHCIIOPTHOTO MPOIECCa, PACCMOTPEHBI CXEMBI U
CTIOCOOBI IOCTABKU METAJNIOKOHCTpYKIWiA omop JIDII arorparcmoproMm. OmpeneseHbl U pacCMOTPEHBI OC-
HOBHbBIE (DAaKTOPbI, BAUSIONINE HA TPOJOJIKUTETBHOCTh U CTOUMOCTD TiepeBo3ku MK.

KimoueBbie cnoBa: a(hPeKTHBHBIE CXEMBI I0CTABKYM METAJIOKOHCTPYKINI OGAIeHHBIX PENIeTYaThIX OMOP
JIDTI, aBTOTPAHCIIOPT, CTPOUTEIHHO-MOHTAKHBIE PAOOTHI, TPOMBITIJIEHHBIE METOBI CTPOUTEbCTBA,
[Tpoext Tpancrnopthoii Cxembr JoctaBkn Metammyeckux KoHcTpyKiuii.
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Abstract. In the paper the requirements for the development of projects of transport schemes delivery of
metal constructions, the necessity of development as part of production project works PTSDMC in installation
of metal lattice tower transmission towers as a way to minimize the total cost of construction and installation
work, have been determined. The native and foreign experience in transportation of metal structures, the
structure of the transport process has been analyzed, and examined schemes and methods of delivery of
metal transmission towers road have been considered. The main factors, affecting the duration and the
costs of MC transportation have been determined and considered. Factors and the choice of technology, the
size and weight of units shipped metalwork, form a unit load, the degree of utilization of transport units, as
well as the selection of traffic schemes have been also determined.

Keywords: effective delivery schemes, metal frame tower lattice supports, motor transport, production
project works, industrial methods of construction, Scheme of Transport Project Delivery Metal

Construction.

The formulation of the problem

With the increasing of metal constructions’ vol-
ume, in particular, the supports of TPL, and the
development of industrial methods of construction
increases the value logistics component of the gen-
eral construction process. Construction linearly
extended objects is compared with construction of
other industrial facilities are some significant dif-
ferences.

Construct transmission lines have a greater
length, separated from each other, production bases
for construction of roads and communications. With
a large volume works across the picket line at each
time is comparatively small amount work according-
ly to each delivery point is relatively small batches.

In the process of delivering CPD schedule re-
flected on the receipt to constructions, products and
materials; schedule needs major construction ma-
chinery [1,4]. Question of choice of transport tech-
nology, the definition rational route, way of loading
and unloading, and storage of elements of metal is
not considered. These features make it necessary to
solve many problems, in particular inclusion in the
PPR Project Transport Schemes Shipping Metal

Structures (PTSDM), optimize the delivery pro-
cess of structural elements on picket minimizing
costs, development and planning of effective deliv-
ery schemes.

Analysis of studies and publications

Logistics presented a wide range of methods devel-
oped under different disciplines belonging to its sci-
entific basis. Mathematics: Theory probabilities,
mathematical statistics, theory of random process-
es; theory fuzzy sets and other operations research:
linear, nonlinear and dynamic programming, game
theory, statistical decision theory, theory queuing,
inventory management theory, method of network
planning and management, theory of efficiency and
other economic cybernetics theory optimal plan-
ning, theory of effectiveness, functional and cost
analysis, methods of marketing research, manage-
ment, decision theory, production management, stra-
tegic and operational planning, pricing, quality man-
agement, personnel management, project manage-
ment, investment management, social psychology,
Economics and organization of transport, warehous-
ing, trade, etc [7, 8, 11, 12].
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As the delivery of metal pickets on linearly ex-
tended objects is not a trivial task, often general
recommendations are little applicable. It can be con-
cluded that, except for the normative literature,
question are not considered systemically.

The purpose of the study

This article discusses the rationale for the develop-
ment of the Project Transport Schemes Shipping
Metal Construction comprising production design
works and the study of transport and technological
schemes Delivery of steel transmission line vehi-
cles. Also identified factors and the choice of tech-
nology, the size and weight of units shipped metal-
work, form a unit load, the degree of utilization of
transport units, as well as the selection of traffic
schemes.

Work tasks

The rationale inclusion of the Scheme of Transport
Project Delivery Metal Construction in production
of design works. Determination of the main factors
influencing on the duration and cost of transporta-
tion MK transmission towers. Development of rec-
ommendations to optimize the delivery process of
structural elements on the picket with the costs min-
imizing,

Design and delivery of metal transmission tow-
ers road Reliance power lines — is the spatial struc-
ture consisting of 300—600 elements of the angle
profile (depending on the height and type of sup-
port) is usually bolted, riveted or welded. Trans-
portation of transmission towersimplemented stan-
dardized units prefabricated elements in assembly,
mounting blocks orloose.

Type of freight (metalwork):

— packaged goods — consignment consisting of
general cargo in containers or without the trim
packages (film), pallets, block and sling packs;

— packaged and custom-made packing: one piece
with a mass less than 500 kg, heavy with the
weight of one place more than 500 kg, lengthy
and cumbersome — the length of more than 3 m,
width 2.6 m, height 2.1 m, oversized — height
above 4 m, width 2.5 m and extending beyond
the rear edge of the platform or aboard the SS
more than 2 m.

Delivery of steel from the place of production to
the place of installation is important stage in the
process of construction is [6, 9].

Studies have shown that delivery has significant
structural impact on the timing of installation facil-
ities, labor and installation costs as a whole. Fuel
delivery systems for installation of metal transmis-
sion towers in averaged more than 25 % of the total
value of construction work, and labor costs — about
40 % of the total workload [2, 3].

From the list of existing methods of delivery of
metal most preferred in the situation existing at the
present time in Ukraine is vehicles, as having maxi-
mum mobility, large maneuver ability and the ability
to carry freight at high speed the required distance
without intermediate overloads (figures 1-3).

Transportation — departure stamps in bulk to
increase downloads transport leads to higher instal-
lation and increase the period construction. This
contradiction calls for critical analysis of existing
methods of delivery of steel structures, and devel-
opment appropriate technological solutions tailored
to all aspects of the problem. Given the chosen meth-
od of installation for each specific support in pro-
duction of design works encouraged the develop-
ment of projects in transport delivery scheme of
Metal Construction, which will reflect all aspects
of metal delivery.

From the standpoint of workability in the mount-
ing process it is generally advisable design to deliv-
er maximum picket prefabrication, in prefabrication,
or, at least, the large-format. But the process of trans-
porting such goods entails several difficulties. Per-
mit, the development route, due to incomplete ap-
preciation of vehicle load. For example, the capaci-
ty utilization rate of railcars for transmission tow-
ers (ratio of submerged structures to the load ca-
pacity of the car) — 0.17. Matching route oversized
and heavy cargo takes time; practice shows that up
to 10 days, depending on the category of goods.
Resolution isavailable for a surcharge, the amount
of which depends on the size and complexity of ship-
ping route. For oversized loads additional surcharg-
es levied at the rate of 50 to 300 % of the basic fare.

Therefore, despite the rise in the cost of installa-
tion and increase the period of construction, we can
recommend the use of the mode of transportation
MC bulk.

For transportation of different types of metal,
there are different kinds of transport. Heavy and
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Figure 1. Tractor-trailer and truck-trailer load capacity 35 t:

Platform length — 13.4-27.8 m;
Platform width — 2.5 m;
Loading platform height — 1.6.
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Figure 2. Tractor-trailer and truck-trailer load capacity 100 t:
Platform length — 21.6 m;
Platform width — 2.5 m;
Loading platform height — 0.9 m.
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Figure 3. Tractor-trailer and truck-trailer load capacity 120 t:

Platform length — 12 m;
Platform width — 2.5 m;
Loading platform height — 0.9 m.

long designs require special technology, which will
be evenly distributed lateral axis and the load on
the suspension, and the weight of metal will be no
more limits. Transport of metal that have great
weight and length, produced using low loader flat-
bed semi.

All sections metal firmly laid and pull a soft wire,
but then it all loaded into the car. Already in the

back of these packs fixed tensioners (special locks
with straps). Latticed steel structures when loading
on vehicles rely places nodes.

Constructions, which are not particularly great
length and weight, are transported heavy trucks or
universal mobile trailers. For the safe transport they
should be installed on the vehicle professionally
additional fixing equipment.
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Transportation of metal great lengths organized
through trawls low loaders with telescopic sliding
platform. All elements of metal firmly fixed on the
platform with special belts, chains and devices con-
ics. Accelerating delivery structures for construc-
tion and installation site, use elements of a compre-
hensive mechanization of loading and unloading is
also an important task of rationalizing the process
of installation [13].

Some types of vehicles and their schematic rep-
resentation of transportation of bulky cargoes.

Structure of transport — technological schemes
of delivery of metal, in particular transmission tow-
ers, for construction and mounting pad may be clas-
sified by the following features:

1. The number of suppliers of metal.

2. Character delivery structures:

— unloading on -site warehouse, followed by trans-
port to installation;

— delivery and unloading at the picket site pre-
assembly, or accumulation with subsequent use;

— submission of construction in the area of assem-
bly and installation of the crane with wheels;

3. Traffic scheme:

— circular traffic pattern;

— pendulum movement scheme.

4. The type of traffic organization:

— shuttle type of vehicular traffic;

— poluchelnochny type of vehicular traffic;

— pendulum type of vehicular traffic.
PTSDM also necessary to consider the following
questions:

Definition of transportation and technological
scheme (choosing the correct transport for a partic-
ular method of installation of power transmission
poles) and a method of placement in handling post;
the choice of means and methods of loading and han-
dling; development schemes installation material
handling mechanism and rolling stock on the load-
ing and unloading station; schedule of working cy-
cleload handling mechanism; determining the dura-
tion of down time rolling stock for loading and un-
loading operations, through put ability to post and
item resource needs of mechanization; project de-
velopment securing cargo to the vehicle; methods
of preparing highway sand loading and unloading
areas; the need for obtaining a permit and approvals
of road services and the traffic police; development
and study of the alleged route survey of road infra-
structure, measuring work bridges, overpasses, road
signs and other objects; assessment dimensions,

strength and capacity of engineering structures on a

particular route [2, 3, 5].

Transportation project should be coordinated
with the operation of services contact — cable net-
works owned road infrastructure, traffic police. Pa-
rameters affecting the route selection:

Class road.

Geometric parameters of the road.

Tolerance control vehicles to operate.

Road conditions coating.

Single level crossing with w/d ways.

Traffic intensity transport.

Speed mode.

Ratio of cars and truck son the route.

Ba51c criteria methodology for determining the trav-

el route is:

1. Consideration of the existing scheme of move-
ment of goods from the «source» to the items
final disposition.

2. Possibility of partial using of public roads for
transporting MC.

3. Possibility of movement of heavy and large ve-
hicles.

4. Minimizing possible distance of transportation
from the place of shipment to the final destina-
tion.

The basis of the project is to determine the trans-

portation needs vehicles. Upon delivery of the MC

transmission towers warehouse number of vehicles

N, defined by the formula

R S N N N

N, = v , pcs. )
T,-F,
where V- volume assembly work, t;
T, - installation time in shifts.
P _— performance of the transport unit per shift,
t/cm:

r
Qz‘rKctwt -60 t/cm’ (2)

tr T;
where Q —load transport unit, t;
t —the duration of the work’ns time in day of
the transport unit (7.7 h);
K_ — utilization of the transport unit carrying
capac1ty, defined by the formula:

K =81 3
Y 3)
where g — is the mass of asingle element, vehicles, t;
n— the number of transported items, determined
by the formula:
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=2 pes )
8.
T¢ — the duration of transportation cycle is deter-

mined by the formula:

e =t + 2L 60 +1, ,min, (5)
19

wheret, ¢ —duration ofloading and unloading, min.
(assumed 3—10 min. one element);
v — vehicle speed, km /h (taken 30—40km /h).
L, — distance transportation structures km.

Conclusion

Tasks that should be addressed through PTSDM
can be identified by the following paragraphs:

1. PTSDM should include preliminary design of
optimal shortest possible route of the vehicle;
tips on how to speed mode motion, keeping the
Crossing crossings, overpasses, steep turns, pas-
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sages under bridges and existing transmission
lines; organizing and facilitating the movement
means warnings and alerts.

2. Dimensions-departure stamps transmission tow-
ers must fit into the existing dimensions of the
available vehicles, both on direct and on the cur-
vilinear road sections; must provide the highest
possible degree of loading of the vehicle.

3. Departure stamps and items carried structures
must be adapted to ensure breakout in transit, as
well as for loading and unloading.

4. PTSDM should include a feasibility study for
the shipping method; choose the type of vehicle
based on actual road conditions and terrain
(availability) of roads; availability of cargo han-
dling equipment at necessary points of the route.

The main task during transportation PTSDM trans-
mission towers should be considered to minimize
the shipping cost (the cost of the prevailing loading
operations, proper transportation, unloading and, if
necessary, storage).
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Hal[lOHAIbHOI akajgeMii OyniBHUIUTBA i apxiTekTypu. [IpesugeHT YKpaiHChKOI acoliaiii 3 MeTaJeBUX KOHCTPYKIIiiA,
3aKOpIIOHHUIT wieH Pociiicbkoi akanemii OyaiBHUITBA, akageMik Axamemii Buioi ocsitu Ta Axanemii OyaiBHUIITBA
Ykpaian. YneH MixHapogHOTO KOMITeTy [0 BHBYEHHIO BILIMBY BiTpYy Ha Oyaiii Ta cropyau. Haykosi intepecu:
eKcIulyarailifia HaaiiiHicTh Oy/IiBeIbHUX METAJIEBUX KOHCTPYKILii, KIMMAaTUUHI BIUIMBY Ha Gy/IiBesbHI KOHCTPYKIIIL.

IOroB Anaroniii Muxaiiiouy — z. T. H., npodecop, 3asixysau kKadeapu TexHoJIOrII i opraxisailii OyaisauuTEa JoH-
GachbKoi HaIiOHATLHOI akajgemii OyAiBHUITBA i apxiTekTypu. HayKkoBi iHTepecH: MPOeKTyBaHHS, MOHTAXK, €KCILTyaTa-
11isT, TEXHIYHA [IaTHOCTIKA, OTliHKA TEXHIYHOTO CTaHy, PEKOHCTPYKITisl, TIOCUJIEHHS Ta IEMOHTaK OY/iBeTbHIX MeTaste-
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Irnarenko Poman IBanoBuY — acucTeHT, acnipadt kadeapu TexHoorii i oprauizanii 6yaisHunTBa JJoH6aChKOI HAIiO-
HaJIbHOI akazeMii Oy aiBHUIITBA i apxiTekTypu. HayKoBi iHTepecu: TeXHOJIOrIs 1 opraHizailiss MOHTaKa MeTaJeBUX KOH-
CTPYKIIIH.
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Beicrireit nrkosrel 1 AkazieMun CTPOUTENbCTBA YKpawHbl. YseH MeXIyHapogiHOTO KOMUTETA 110 U3yYeHWI0 BO3/eli-
CTBUSI BeTPa Ha 37IaHNs U coopyskeHus. Hay4yHble MHTEPeCh: 9KCITyaTallMOHHAST HAJIEXKHOCTh CTPOUTETBHBIX METAJI-
JINYECKUX KOHCTPYKITUH, KIUMATHYECKNEe HATPY3KU HA CTPOUTEIbHBIE KOHCTPYKITHH.

IOroB Anarommii MuxaitioBuy — 1. T. H., ipodeccop, 3aBeylonuii kadeapoil TEXHOJIOTUN U OPTaHU3AINH CTPOU-
TesbeTBa JJoHGACCKON HAIIMOHAIBHON aKaeMUK CTPOMTENBCTBA U apXUTEKTYpbl. HaydHble HHTEPEChE: MPOEKTHPOBa-
HUe, MOHTaX, 9KCILTyaTallVsl, TEXHUYEeCKasl TUAaTHOCTHKA, OIleHKA TEXHIYECKOTO COCTOSTHUS, PEKOHCTPYKITHS, yCHJTe-
HUE W JIEMOHTaK CTPOUTEIbHBIX METAINYECKUX KOHCTPYKIMA, TEXHOJOTUST M OPTaHU3aIis paboT MPU CTPOUTEb-
CTBE U PEKOHCTPYKIIUH 3MAHUH ¥ COOPY KEeHUIA.
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Urnatenko Poman VIBaHOBHY — acCUCTEHT, acUpaHT Kadeaphl TEXHOJIOTUN W OPTaHW3aIluu cTpoutesnbcTBa /loH-
6acCKOM HAIMOHATHLHOM aKa[IeMUU CTPOUTEIbCTBA U APXUTEKTYPHI. HaydHble HHTEPECHT: TEXHOTOTUST M OPTaHU3AIIT
MOHTaXa META/NINYECKUX KOHCTPYKIINM.

Gorokhov Yevgen — DSc (Eng), Professor; Head of the Metal Structures Department, Rector of the Donbas
National Academy of Civil Engineering and Architecture. President of the Ukrainian Association of Metal Struc-
tures, a foreign member of the Russian Academy of Civil Engineering, an academician of the Higher School Academy
and the Academy of Civil Engineering of Ukraine. A member of the International Committee on studying wind
influence on buildings and structures. Scientific interests: operational reliability of building metal structures, climat-
ic loads on building structures.

Yugov Anatoliy — D.Sc in Engineering, professor, Head of Construction Engineering and Management Depart-
ment, Donbas National Academy of Civil Engineering and Architecture. Scientific interests: designing, assembling,
exploitation, technical diagnostics, estimation of technical stare, reconstruction, reinforcement and dismantled of
building metal constructions, technology and organization of works, white construction and reconstruction of
buildings and structures.

Ignatenko Roman — assistant, graduate student; Construction Technology and Management Department, Donbas
National Academy of Civil Engineering and Architecture. Research interests: technology and management of metal
structures erection.
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