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Abstract: The aim of the paper is to emphasize the neelbdistics planning in prefabricated constructiorSiovakia.
A construction contractor can achieve profit anficiefinicy of a construction project through well-raged resource
logistics. Moreover, it helps to ensure the coritipeness of prefabricated construction comparetiaditional on-site
construction.  In the case study of a wood-baetly house, the construction cost and the trarisyst are analysed
in relation to available logistics chains. Thregiants of wood-based construction systems aretadap the study: the
column-beam construction system, the constructymtemn based on Structural Insulated Panels (Skirb)te panel
construction system. The results of the study dotlmat the transport cost does not represent a higre of the total
construction cost of the wood-based family houdgs &pplies to all three variants of the constarcgystem. A well-
planned logistics of resources — people, matetiadgshines — can help to achieve an efficient atidn@ construction
cost and construction time of a project. Thudiemtof a wood-based prefabricated building dogtshave to worry that
the transport cost related to the transport ofdapgefabricated components will make the constmatf the building
markedly more expensive.

1 Introduction The off-site construction ranges manufacture aedrably

Currently, a continuous improvement of productiorf prefabricated components on various materiaedas
efficiency is emphasized in construction. A protyge of such as wood, concrete, steel and their combirstfom
construction material logistics and prefabricatedPgistics point of view, the planning of a nice viloof
components logistics in off-site construction cariésources needs to be carried out for both framewor
significantly contribute to enhance constructioficiincy ~ construction products and finishing constructiondorcts
[1]. On the contrary, an inaccurately managed tagis (€.9., for prefabricated building facade systens)all
may significantly increase construction cost. Tmain construction segments [9]. In order to be effectitie
competitve in the construction market, soméonstruction logistics could largely follow the exale of
manufacturers of prefabricated components for it#-s Other industries. The production of building compots
construction, provide services only to a delimidistance for direct assembly into a building is a charasteri
from their factories. Otherwise, the logistics cedtl feature of prefabrication. This develops the paksitof
increase to such an extent that the cost of a mmigln  JuUst-in-time  construction without need to store
project will be significantly increased. Such astonction Prefabricated construction products at the manufact
project accounts for a certain point of inefficignand and it also eliminates the storage of productsarious
inefficient cost spending. In the long term, thiancbe intermediate warehouses within the supply chairer@he
reversed only if other monitored parameters of th@st half century, many manufacturers in off-site
construction project can guarantee economy andeffty ~construction have sought to achieve the “Zero Itomgn
[2,3]. These parameters are such as for exampleofuse(Z!)” production. The logistics processes are aiffected
prefabricated building components with a reducetham Py the Fourth industrial revolution. In particulait,
footprint in production, components with a reduabdity ~ concerns the automation of storage in order tditatei
to emit pollutants into environment, componentshvat Storing and dispatching operations. The Zero-Warsing
reduced overall environmental impact of productietr, ~Smart Manufacturing (ZWSM) production platform was
[4,5]. To ensure sustainability in constructionesa developed in Hong Kong. This concerns the princadle
parameters should be followed [6,7]. The life cycl@voiding traditional storage operations and redycin
environmental impact of prefabricated wood-basegtorage spaces to a minimum. The platform is basetie
constructions can be assessed by the software a\wn use of Synchronization, unitization and the Interné
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Things (loT) enabled infrastructures. The autrafrthe demonstrated, the 4D BIMs are not yet widely uged i
ZWSM applied the platform to a case study of @ractice to plan and monitor supply chains during
prefabricated construction project in Hong Kongwinich  construction.
they pointed out the success of zero storage of The flow of material to a construction site is
prefabricated elements [10,11]. characterized by two types of construction supplisis a
Loss of productivity through delays and interrupto supply of common piece materials and a supply of
of works on site is one from significant problemsthe prefabricated components. The cost of deliveryuilfiing
construction.  This can be caused by collisions imaterial in both on-site and off-site constructioathods
workforce, material and machinery. Improvement ofan be optimized with the help of appropriate loggs
construction logistics efficiency, concerning thewf of  planning. In both types of construction, the plén o
material and products from factories to the plade o a logistics system for efficient construction preses
installation on a construction site, is one frora tdentral seems to be a problem. It is necessary to solks taih
needs of the construction industry. To examine thimely delivery and storage of material. The aimtas
efficiency of integrated construction supply chiaigistics, optimize the efficient use of resources and to cedtaffic
a research study has been conducted in the Uniteglated to construction tasks to a minimum. Thepédo
Kingdom [11]. The 4D Building Information Models of CCC — Construction Consolidation Centre (Figlyés
(BIMs) were applied in the research. As the redesgsults one of ways to achieve this goal [12].
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Figure 1 Principles of a construction consolidaticenter (CCC), adapted from Lundesjo (20[15)]

The Construction Consolidation Centre (CCC) is delivered to assembly site, a lifting equipment! vaé
distribution facility that can be used in the prsgeof needed to install the prefabricated componentscitire
managing project logistics, channelling materidivdeies from the vehicle, i.e., cantilevered construction.
to a large, single construction site or to seveifierent Prefabricated panels represent the material,indiftrane
construction sites (Figure). It facilitates thei@ént flow is the equipment and there is also a crew of warlwéro
of materials through the supply chain, reducesevastd will assemble the panels. The logistics allowsigetall
other problems such as goods flow congestion. Bugld three components of resources to the same platiee at
materials are delivered from suppliers to CCC whbkey same time. Moreover, the logistics has a significapact
are stored until the delivery to the constructidte $s on profitability. If the crane is not in the plasken it is to
required [12]. be, the crews cannot start assembly works. Thesivec

To understand the importance of logistics iitheir hourly wage despite the fact the crane iseady for
construction projects, the concept of the logistins assembly and assembly cannot begin [1B].addition, as
construction should be accordingly defined. Thadiigs  far as construction process, the delay of oneiactivakes
is defined as planning, execution and control af trit impossible to start the next one. Thus, the tranton
procurement, transport and placement of matenahan readiness for the following crews will not be mained.
and other resources to achieve the objectives of If execution of some critical path activity (CPMGritical
construction project. The transfer of prefabedat Path Method) is delayed along of poor logistics wnohg
components from the manufacturing plant to thorganization (Figure 2), the construction timehaf tvhole
construction site is a simple illustration of lagis for project will be extended [14].
construction sites supply. When prefabricated maned
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Figure 2 CPM [14] and Histogram of human resoureesl S-curve [15]

If prefabricated panels are installed late, théiofmhg Components are by goods vehicles shifted from torfiac
professions can also be delayed, for example,tipadi to storage area on construction site or to somengdy
assembly, electrical installations, air conditiapin equipment (in case of cantilevered constructionprif,
installation of floors and other trades. In thelipninary the railway transport is applied in the construttsector,
phase of a construction project, the general cottranust  the transport of components for wood-based prefatail
make a construction schedule for each stage gfrtlject. construction projects is mostly realized by meafis o
The time plan must contain an overall list of maisr vehicles. The transport of components within aséa
equipment and tools needed for each stage of tjegbr construction site can be horizontal or vertical stwort
This involves planning the flow of resources witle help distances; several types of vehicles and cranespailed.
of histograms of workers, equipment, and mate¢idtpure  Prefabricated components are stacked on a vehitte w
2). Advance planning helps ensure the right mdtesee respect to a construction schedule. The instafiatio
in place every day so that construction teams cark w sequence should be taken into account. The planldsho
without any interruption. Logistic planning alsceams ensure a right layout of the components on thecleffior
that materials are stored in adequate quantitiesasy to the purpose of well-organized successive takingattrial

locate and easy to handle. during assembly without placing it in the storadace.
Both types of transport can be used to transpéfetrdit
2 Methodology types of prefabricated components. The prefabicate

A carefully planned logistics of production resasc Products involve beams, flat walls and modular
can ensure the efficiency and economy of constmcti COmponents. It is important to plan a reasonalgestical
process. The presented study deals with the catistniof ~ flow of all the resources — material, equipment| haman
wood-based family house. The impact of transpast oo — for a whole off-site construction project. _
the total construction cost is examined. The partscost The case study involves three different constractio
is one of the factors that must never be negldatéssues Systems of wood-based buildings: i.) the paneliroogon
of optimization of construction from prefabricatedSystem i) the column-beam construction system,iand
components. Many off-site construction companiestdo the system of "Structural Insulated Panels (SIPSjie
provide their services to long distances from tfagitories. ~construction cost (involving cost of labour and enétl),
The reason usually lies in the failure to managddpistics the equipment rental cost and the transport cdbtregard
of the project. On account the lack of right loigist to the specific available logistics chains werénested for
excessively high transport cost in relation to $port of the three mentioned variants of construction systéra

prefabricated components from factory to constancsite - Wood-based family house. . _
are calculated. The model building of the wood-based family house i

Pezinok, which is located about 17 km from Bratiala

2.1 The transport of wood-based prefabricated Was applied in the case study.

components _

In off-site construction, the transport of prefaated 2-2_ Thetypesof analysed construction systems ,
components is an important loop between the compsne  The panel construction system of the family howse i
manufacturing in factory and assembly on constucti Characterized by large-scale panels, manufactured i
site. The transport involves i) off-site transpershifting  factory and assembled on a building site. The Iszane
from factory to site and ii) on-site transport —iftihg delivered to construction site in the third stagé o
within construction site area. The off-site transpis Prefabrication —with windows installed (Figure 3).

represented by horizontal transport to longer dista.
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The column-beam construction system is charactérizeystem was taken from America and Canada, and
by framed light-weight construction from structutisdber nowadays, it is the most widespread constructistesy of
elements (Figure 4). The principle of the cortiam  wood-based family houses in Canada.

x

Figure 4 The column-beam construction system

The construction system based on Structural Instilaiboards (OSB). Unlike classic wood-based buildinks
Panels (SIPs) is characterized by modern sandwicross-section of the construction doesn’t contaiaden
construction (Figure 5), the core of which consisfs frame.
hardened polystyrene and is clad with orientednstra

Figure 5 The construction system of Structural lated Panels (SIPs)

2.3 Thetransport distancesin the case study .
To estimate the transport cost of the wood-based
construction in the three mentioned variants of the

supplier of the structural timber: Sawmill Holz
transport BA — the transport distance 22 km,
construction material: Building materials Woodcote

construction system, the model case of the fanglyske in
Pezinok was seen about. The town of Pezinokcistéal
about 17 km from Bratislava (BA), the capital ob&ikia.

To determine the transport cost, the transport hef t

components from the city of Bratislava to the towih
Pezinok was considered. The following list of signsl of

construction material for the studied constructgatems
introduces the distances from factories or fromelauses
to construction site in Pezinok:

BA — the transport distance 17 km,

trussed tie-beams: Dachteam BA — the transport
distance 17 km,

gypsum fibre boards: Baustoffmetal — the transport
distance 19 km,

windows: Incon BA — the transport distance 22 km,
Structural insulated panels: Europanel BA — the
transport distance 22 km.
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2.4 The estimation of construction costs of the construction site can be done by hands, as theidstav
model wood-based building panel weight is about 80 kg. When shifting by haiitds

The construction costs were estimated with the belp important not to pull the top OSB of the SIPs. @éih
software Cenkros4. It is the most used construatimst Storing, it is necessary to place the panels oeetfthin
estimating software in Slovakia. It enables effitie Plates (it the beginning, in the centre and aetid), so that
processing of price offers with current prices ofiting  the panel is in a horizontal position. The panels be
materials and construction works. The software uses Stacked on the top of each other and the maximauh do
database of building materials, which is processgd the bottom panel is 1500 kg. The panels and other
Cenekon as the largest supplier of price list detab in components of the building based on SIPs must be
Slovakia. The construction costs were calculatehen Protected from the weather.
basis of design documents of the three construction One of deficiencies in transport, storage and alslsem

systems of wood-based buildings. of the family house lies in the fact that in allel variants
of the construction system, the prefabricated comapts
3 Result and discussion are not provided with Radio Frequency Identificatio

(RFID) tags. From logistics point of view, the tagsuld
simplify the identification of the components irtbverall
construction. Several research studies suggest that
construction is one from the least digitized indest
[16,17]. Recently published academic research and
industry reports in the fields of Industry 4.0 ashart

the construction process, it is possible to repiaaeth facturi £ vari ¢ I X
another source, without increasing cost and wasting. manutacturing of various components are also
Jovide detailed information on the current

In other places of the country, such an alternati ! . ¢ Ind 40 princiles i :
replacement of resources could be considered asméoemer;tzﬁon of In uigyl ' prmmpesd in vam;fou
logistical problem which can result in a signifitarcrease sectors of the economy [18]. In the presented sasly o

in cost and in extension of construction time. Eggly, e family house, the costs related to transporthef

when it is concerned the construction operatioosfthe prefabncate(_j components to the. construction st a
critical path in the CPM plan. calculated individually in the different construmti

The transport of the wooden panels in the variattio systems of wood-ba}sed building. Based on the
panel construction system is carried out by meétracks. _calculanons,_ the resultmg. values of the costpaesented
The layout of different pieces of perimeter andtipan " the following graphs (Figure 6). .
panels on the truck is in suit with the assembtieoof the In. available —price-list Sja_tabases . of construction
family house. The perimeter and partition panels arfnaterials, the transport cost Is involved in t.he price of
trussed tie-beams are transported in a verticaliposi.e each construction material if transport distanaamfra
in the position in which they are to be installedtie house, Warehouse to a construction site is no more than 50

If horizontal components, such as floors and fiedshoof ‘l‘qlomef[re”s. Thus, the transport cost is .'”C'“"’ﬂ“?*e ftem
parts, should also be used, the same logic wouptlyap Material” provided that the transport distancausto 50

Thus, the components should be lying in a horidont ilometres (Figure 6). In case of prefabricated porents

position and in the order of assembly. In the aafsthis that a[)e notl colvergd. 'g.t.r:je dlie\tqbases, tge transpet
construction system, the storage of componentshén tMust be calculated individually in accordance witie

construction site is not necessary, as all the compts are fjlzta_rcljcelfrom a factory to a COﬂStrUCtI(;)anIteH eTh
unloaded by crane directly from the truck and arffdividual transport costs are presented by then ite

assembled into the building aterial Transport”. Following the carrying compes,
' ﬁge calculation of individual transport costs inas a flat

column-beam construction system is carried out hzy grate and the tariff rate depending on th_e nu_mber of
flatbed vehicles with a mechanical arm. The timb ilometres from a warehouse to a construction itell

elements should lie on three base prisms, in @bl three variants of the construction system, the tcocison
position. The timber elements and other elemehthep COSt Of the family house is comparable. The contitm

column-beam construction system must be protected f C0St Of the wood-based family house is as folloiys:

: : ; 33568.92 EUR in the panel construction system, ii)
the weather by covering with a tarpaulin.  Thenkaell . :
gypsum fibre boards and Isover insulation boardsilsh 31 505.54 EUR in the column-beam construction syste

be placed under the roof inside the building, ideorto and iii) 34 379'87 EUR in the construction systeasdul
protpect them against possible moisture. g on SIPs. The highest transport cost — 1.30% oftated

There are a few simple rules for transporting th onstruction cost - was found in the variant of¢bhkimn-

components for the building based on the SIPs.rililes eam consfruction system. In the study, the Sll%ed)a
are important to follow. The panels must always pgonstruction system is characterized by the medarge

. . — 0, 1
transported and stored horizontally. Unloading oe t fransport cost — 1.04% of the fcotal constructiost.cn the
variant of the panel construction system, the prartscost

We can say that siting of the presented family bons
Pezinok is strategically advantageous in termegiktics
of construction resources. In the vicinity of ttapital, it is
possible to provide a logistics network of resoareg
much good level. If delivery of some source falging
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is only 0.13% of the total construction cost. Sacltow

small distance from the production plant of preifzdied

value of the transport cost was achieved mainly due wooden panels to the construction site in Pezinok.

Material Transport

Equipment Rent
0,13%

Equipment Rent

0.67% 1,51%
Assembly
30,39%
Assembly 44,68%

Panel system

Material Transport

Column-beam system

Equipment Rent
1,22%

Material Transport
1,04%

1,30%

Assembly
18,10%

SIPs system

Figure 6 The cost of the material transport witkoital construction cost in three variants of theswuction system (from the left):
the panel construction system, the column-beantremtion system, the SIPs system
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