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ABSTRACT

The purpose of this paper is to advance the benefitan efficient reverse logistics
system in construction. The paper argues that ingilchaterial and waste removal
operations could be optimized by the applicatiomeskerse logistics in a construction
context.

Though the larger research entails extensive usea oumber of qualitative
approaches, this particular paper reports on ai gage study investigation conducted
in the City of Cape Town.

Present knowledge of logistics in general and partation in particular, within
South African construction is relatively limitedmphasis is more frequently placed
on supply chain management (SCM) without referetocéhe fundamental need to
understand its pre-eminent subsets, such as trdaBpo. For instance, building
materials and waste removal transport operatorgomstruction still operate as
independent businesses. As a result, these vendiorsiot synchronize their
operations.

The utilization of reverse logistics in a constrortcontext could improve vehicle
utilization and reduce vehicular movements whilenidtaneously improving the
service being provided to customers. In other wothsre appears to be a major
scope for reducing wastes related to unnecessaryemment, conveyance and
unnecessary motion in the process.
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BACKGROUND

A well functioning logistics system is a set ofdrdacting elements, variables, and
parts or objects that are functionally related ie another and form a coherent group
(Bowersox et al. 2M2; Coyle ¢ al. 2003). Past research studies that addressed
logistics from the lean construction perspectivggast that the industry can benefit
from the role of logistics centres by employing er&l aggregation on different
projects (Hamzelet al 2007); and the use of standardized processesa@untons
(Elfving et al 2010). Transportation as one of the most visg@dsnents of logistics
operations forms the basis of this discourse (Beweet al. 2002). This came about
since the transportation system is arguably thesiphy/link that connects customers,
raw material suppliers’ plants, warehouses and mélamembers in the logistics
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system. Typically, transportation represents a megst component of the logistics
supply chain. Transportation costs represent appetely 39 to 58% of total

logistics costs and up to 4 to 10% of the prodediirg) price for many companies
(Coyleet al.2003).

To improve vehicle transits, logistics managers us& supply chain optimization
tools such as reverse or back-haul logistics manage(Bowersoxt al 2002; Coyle
et al. 2003). Reverse logistics uses various methodsveosgope for back-loading of
finished products, components, waste and reusaid&aging from consumers to
manufacturers or suppliers (Vaidyanathan 2005)kBaads or logistics against the
forward flow, allow manufacturers to reduce cosysusing distribution vehicles’
return journeys to create income or value. In timepkest sense, reverse logistics
happens by a distribution vehicle picking up pall@treviously deposited at the
warehouse where it makes its deliveries. This goinee now being developed to
create novel solutions to the reduction of pollaticosts and vehicular movements,
while maintaining high customer service levels.essence it would introduce the
concept of ‘lean’ in the system (Coweittal 2005; Isatto and Formoso 2006). This
paper begins with an explanation of logistics anaw hthe coordination of
transportation can be improved in constructionthién proposed the use of the
concept of reverse logistics in construction. Fritta conceptualisation of reverse
logistics in construction, a case study that exaochithe phenomenon is presented.
Based on the findings of the case study, a modelsinpport the argument for the use
of reverse logistics is thereafter discussed.

CONSTRUCTION LOGISTICS

Understanding the dynamics of transportation rexpénts is a key competency
required for cost control and reduction. Howevenrent knowledge of logistics in
general and transportation in particular within stounction is relatively limited.
Emphasis is more frequently placed on supply ch@nagement (SCM) without real
reference to the fundamental need to understangrédseminent subsets, such as
transportation. The main reason for this emphasssiieen cited as the organisational
structure of the construction industry that is dednto be prohibitive to the
development of efficient logistical systems (Varrket al. 2M6).

An additional problem is that the movement of corston materials from the
point of production to the point of consumption kcbbbe uncoordinated and inflexible
(Vogt et al 2002). The majority of construction materials [sligrs have their own
dedicated vehicles and delivery schedules, detigéaid hoc’ to various locations. As
a result, the method most commonly used to delvaterials to construction sites is
that of dedicated, single use vehicles such as mear®d concrete-carrying trucks
from manufacturers to points of consumption onssitélaterials such as wooden
frames, plasterboard and bricks are also deliveredhe same way. Concerns
regarding gridlock and pollution on public roads/éded to increasing analysis of
approaches to controlling the flow of traffic irrde cities. The reduction of waste
materials and increased recycling has also receineme attention recently
(Bowersoxet al 2002; Coyleet al 2003). The benefits of this concept are stilyédy
not being felt in the construction industmhis paper develops the concept of reverse
logistics in a construction context in order to noy®e materials availability while
simultaneously improving the management of consitncand demolition (C&D)
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wastes. Reducing vehicle movements could elimimage-value adding activities
related to conveyance, movement and motion (FahdsAhmed 2011).

SCOPE FOR REVERSE LOGISTICSIN CONSTRUCTION

Construction materials delivery and C&D waste reail@re usually considered to be
separate businesses and activities. A consequéentigisoseparation is that each
vehicle type, when moving to or leaving a consiarctsite, moves full in one
direction and empty in the opposite direction.

There is, therefore, a significant opportunity tilise the concept of reverse
logistics to achieve process optimisation or ‘lezsg) (Bowersoxt al 2002; Coylest
al. 2003, Roper 2006; Kalsaas and Sacks 2011; AzanangaFormoso 2003). The
concept of reverse logistics, operationalised thhoutilization of spare capacity of
either delivery vehicles departing from constructisites or waste management
vehicles arriving at sites is elegant in its simipyi The use of the spare capacity
would immediately increase the utility of assetstsas vehicles and roads to reduce
unit costs, the total number of vehicular movemeysirocarbon fuel usage and the
social costs associated with vehicular transpoevefRse logistics can therefore be
seen as a means to improve vehicle utilisationraddce vehicular movements while
simultaneously improving the service being provittedustomers.

CONCEPTUALISATION OF REVERSE LOGISTICSIN CONSTRUCTION

There are four approaches for analysing logisticstesns: materials management
versus physical distribution; cost centres; logstthannels and nodes versus links
(Coyleet al. 2003). Given that the nature of construction uinversus output from
sites, the node versus links approach is by fantbst appropriate concept by which
to view the logistics system in a construction eant This approach was therefore
adopted as the methodological framework for thdyarsof the dynamics between
construction materials supply and C&D waste remoVak nodes are spatial points
where goods stop for storage or processing. THes lrepresent the transportation
network connecting the nodes in the logistics sgsteigure 1 illustrates the concept.
A node versus link approach allows analysis of giskics system’s two basic
elements, transportation and the processing of makte This approach also
represents a convenient basis for assessing angsiagathe logistics of building
materials and building waste transportation to fameh sites respectively.

/ Node being analysed

Landfills
Re-use
Recycling

Suppliers
Contractors
3rd Party Logistics
Providers

Figure 1: The node versus link in a logistical egst
(Adapted from Coylet al. 2003)
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It also represents a convenient basis for seeknsgiple system improvements as it
allows analysis of the supplier-site and site—disppdinks. The complexity of the
logistics system relates directly to the time arstashce relationship between nodes
and links, as well as to the flow of goods enterilegving and moving within the
system (Kay and Jain 2002; Cogeal 2003). In this case, only two links needed to
be thoroughly investigated because they gave ailetbtaicture of construction
materials delivery to, and C&D waste removal frosites or within the unit of
analysis. By using the node versus link, volume$®ath delivery vehicles entering
and departing construction sites or waste remoedaicles arriving at or departing
sites could be measured. To illustrate the utdityeverse logistics in a construction
context, the following case study was conductecsewven (7) sites in Cape Town,
South Africa.

THE CAPE TOWN CASE STUDY

A sample of sites that would provide sufficient metiar movements for analysis
within a reasonable time period was identified. S&quently, the selected sites were
logistically, rather than statistically significanthe primary selection criterion was
physical size of the development. The secondarysidemation was that of
construction technology. A total of 7 sites werkestd for observation, all of which
were high rise, mixed use though predominantly dessial developments. The
contract sum of the projects were above R130m B¥i)f.the contract period ranged
from 18 months to 30 months; and the number of ingu@lat) units of the projects
ranged from 200 to 450 units. Reinforced concrétellsvas used mostly on the
projects. This represented about 80% of all sucreldpments in the Cape Town
metropolitan area at the time of the study. Tha diadm the 7 sites were collected in
random order for a period of 5 months. The obs@wmatwere made until there was
enough density of data from each site (up to amumn of 100 observations). The
data were then captured through Microsoft Excettierpurpose of analysis.

A two phase pilot study was conducted during theeolation period. The first
phase was an exploratory study conducted on a lawgstruction site in the Cape
Town Central Business District (CBD). The main meg of this phase was to
identify the types and classifications of vehiclasd their cubic and tonnage
capacities, as well as the patterns of their movesnét involved both observation of
vehicle movements and talking to some drivers dted ersonnel about vehicular
movements to and from the sites that were visited.

The results obtained were used in the design efmplate used for data collection
during the field study. In the second phase ofpihet study, the template was pre-
tested on another large construction project inNhieerton area of Cape Town to
determine the practicality of using the instrumentsite and the ease with which data
could be captured. Specifically, the aim of theosecphase of the pilot study was to
test the instrument on a trial run before full asel to examine how it would work in
practice. At this stage data capture problems sashhe actual loading levels of
vehicles were resolved by utilising visual idewmtifiion of vehicle fill. Depending on
the body type, fill was measured by deducting ttea af the body length and height
that was not taken up by the materials being trameg@. The observation protocol
adopted was full, % full, %2 full, ¥ full and empiyhe quarter scale system was more
appropriate as it was easy for the researchersbtaimoa higher and consistent
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accuracy. The parameters that came out of the gtiloly for establishing the logistics
of building materials and C&D waste and for ideyitij potential improvements
were summarised as follows:

» classification of vehicle (material delivery/waséenoval);

* number of vehicle movements delivering building tenials:

* number of vehicle movements for C&D waste removal;

» state of vehicle on arrival by volume (Full/ % I%/ empty), and

» state of vehicle on departure (Full/ 3%/ %2 Y4 | hp

RESEARCH FINDINGSAND MODEL

Of the 911 vehicular movements to and from the fistraction sites, 570 were for
materials delivery while 240 involved waste removahere were also vehicle
movements related to employees, equipment and r‘othensport, such as for
consultants, inspectors and visitors. Figure 2 ides a classification of vehicles that
transited the construction sites during the stughjogl.

Not Specific 7.89

Plant and Main
Transport 0.3%

Staff Transpol \

3.0%

Material Delivery
62.6%

Waste Remov:
26.3%

Figure 2: Classification of vehicles arriving otesi

The ratio of 570:240, which was 62.6% to 26.3%, kedr out to be 2.4:1.
Establishing the ratio was essential as it formfeel basic tenet in the modelling
process. Figure 3 depicts the volumes of vehicleaments related to the delivery of
materials to and removal of waste from sites. Tihe of the arrows represented the
volume of vehicular movements. There was a heavyement of fully loaded
vehicles to and a heavy flow of empty vehicles dpa sites. The figure also shows
light flows of ¥ full and lighter flows of % and ¥all loaded vehicles. Figure 3
models the state of the logistics of constructioatarials focusing on vehicle
movements related to the delivery of constructiatarals to and removal of waste
from sites. The Figure 3 models the combined sthtgte logistics results from the
field study and highlights the fact that there \wasibstantial amount of empty runs in
the logistical system.
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Construction Material Construction Waste
Delivery Vehicles Removal Vehicles

Full Full

Contractors

Contractors / Suppliers
Suppliers 1/2 N » 3rd Party
¥ ) " Logistics

Construction N
i’:g::;z:: Site Providers
Providers 1/4 1/4 Landfills
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Recycling

570
Construction Material
Delivery Vehicles

:> Heavy Flow
|:> Light Flow

C—————> Lighter Flow
————> Very Light Flow

Negligible Flow

240

Construction Waste
Removal Vehicles

Figure 3: Integrated materials delivery and wasteaval logistics

In particular, there was a heavy flow of fully l@mbconstruction material delivery
and empty waste removal vehicles on the inboundaled) a heavy flow of fully
loaded waste removal and empty materials delivextyioles on the outbound leg.
Using the ratio of 2.4:1 and assuming that theesgsstarted with 2.4 fully loaded
material delivery vehicle movements delivering miate to sites, there would be 2.4
empty material vehicle movements after offloaditfgone of the empty material
vehicle movements was fully loaded with waste sroiitbound journey then only 1.4
(2.4 - 1=1.4) vehicle movements would travel bacipty. If the one waste removal
vehicle movement was made to carry material onvéyg to site then the volume of
material being delivered would increase withoutréasing the total number of
vehicles travelling to sites, hence introducingilesss in the process. This scenario is
illustrated in Figure 4. In Figure 4, the resdliraprovement or the utilisation of lean
principles shows that the empty vehicles travelliogites to collect waste could be
eliminated because material delivery vehicles cdwddused to carry waste out to
points of re-use, disposal or reclamation. By reimgwhe forward movement of
waste removal vehicles, 26.3% of vehicle movemerisid be eliminated.

To be succinct, the case study in this researcivestighat in terms of transport
distribution, of all vehicle movements observed,682 were classified as materials
delivery and 26.3% as C&D waste removal. Thesegmdages translate into a ratio of
approximately 2.4 materials delivery journeys t@ ¢h) waste removal journeyhe
significance of this finding is that it generatew the first time in literature a
relationship between materials delivery and wasmaval vehicle movements
expressed in terms of a ratio. In effect, adopéingan construction approach in terms
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of the reduction of unnecessary conveyance andniavement provides a platform
for performance improvement.

Construction Material Construction Waste
Delivery Vehicles Removal Vehicles

Full Full
[
570 240
n . ~ Contractors
Contractors \ Suppliers
. 1/2 N 172
Suppliers i > 3rd Party
Construction Logistics
3rd Party Sites Providers
Logistics 174 1/4
providers n L Landfills
Recycling

Empty

v

330

Construction Material
Delivery Vehicles

Heavy Flow

:> Light Flow
I::>
_
_—

Lighter Flow

Very Light Flow
Negligible Flow

Figure 4:lmproved site logistics with the empty waste remdieset

DISCUSSION

Another issue that emerged from the field study &g the logistics of building
materials delivery and C&D waste removal were mb¢grated and that the vehicle
movements for both activities were sub-optimal.sTas the case because the field
study found that 570 of materials delivery vehiolevements were empty runs on
their return journey and 240 C&D waste vehicle nmoeats were empty runs on their
forward journey. This was largely due to a failimg the construction industry to
back-haul and / or operates in a lean manner. Mdgessitates the need to implement
concepts related to supply chain management (SGbip fthe lean construction
perspective. Granted that SCM in the lean constmictontext has being examined to
some extent by describing how actors in a spesffipply chain interact, how the
supply chain operates and what its main problemsagportunities for improvement,
and good practices that can be replicated to stingply chains in construction (Alves
and Tsao 2007), however the use of reverse logistimcepts was observed to be
limited.

Although, handling of operations in constructionténms of logistics have being
addressed from the lean construction perspectitieepast (Jacobs 2011), this study
highlighted the potential for integration of logest of building materials delivery and
C&D waste removal. Integration would in the endpiove the logistics of the
construction industry. As the research demonstrdtexte is scope for utilization of
reverse logistics through utilisation of the aviaidaspare capacity. The utilisation of
spare capacity would increase the effectiveneslbicles; reduce unit costs and the
number of empty vehicular movements. While intagratvould improve the process,
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the study conducted by Briscoe and Dainty (2005jgsests that supply chain
integration in construction as espoused within Bgan report has proved rather
elusive in practice. Despite the identificatioraaiumber of impediments to improved
integration, the study provides some evidence @rmal, but closer co-operative
working between clients, main contractors and sotvectors in several aspects of the
construction supply chain. Where collaborative treteships appear to have evolved,
the various teams in the construction project haften developed effective systems
of communication and information exchange and thaye succeeded in aligning
their management systems to the benefit of theeptdBriscoe and Dainty 2005).
This indicates that despite the perception thateeshrial culture seems to be
ingrained within the industry’s operating practi@s evident in the mistrust within
small and medium enterprise (SME) organisationsnfyaBriscoe and Millet 2001),
innovate ways of improving performance (such agmsw logistics) could be enacted
when collaborative relationships exist in the syplain.

MANAGERIAL IMPLICATION

Although several methods that could improve bugdamd C&D waste logistics were
identified in the literature, the use of a consaiétl centre and reverse logistics
demonstrated the greatest potential for integratimg logistics of transportation
related to site construction activities. The firginthus show how the logistics of
building material and C&D waste in Cape Town coudd improved and the
techniques that could be identified to achieve. this

In this context, site managers or agents shoultt woavards reducing wastes
related to transportation and motion or rather eeasary material and people
movement related non-value adding activities (Adarcl997) through the use of
reverse logistics. Moreso, given the importancthefdetrimental effects of wastes in
terms of project performance, the supply chain memmbhave to take measurable
steps to reduce, and if possible, eliminate thethenconstruction process (Emuze
and Smallwood 2011).

CONCLUSIONS

SCM in construction is a way of working in a sturetd, organised and collaborative
manner shared by all participants in a supply ch&@M from the lean construction
perspective emphasises delivering customer valtieowi compromising the ability
of each member of the supply chain to maintainadlei business. Given construction
clients’ propensity to demand reduction in condtarc costs, facilitating effective
and improved SCM and logistical performance wouddan increasingly attractive
position for the construction industry. Improved Nb@nd logistical performance
would invariably result in reduced cost, reducesk nd economic sustainability of
the construction process.

Primary points of interest to logistics should be interfaces between parties,
exchange of data and development across orgamahtmoundaries. The primary
focus of the logistics function in construction,osld therefore, be to improve
coordination and communication between projectigpents during the design and
construction phases. It should provide accuratedding of materials, coordination
of supplies and organizational planning and cordgfahe supply chain. It should seek
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to minimize non-value adding activities related nmtion / movement and drive
operating and investment costs and time in thelgugb@in down.

In brief, there appears to be a significant needafoenhanced understanding of
logistics in a construction context in order toidel the full benefits of SCM. This
calls for advancing the role of reverse logistitgiconstruction context and therefore
being lean. For example, building materials andtevasmoval transport operators in
construction still operate as independent busiseasendicated in the case study. As
a result, these vendors do not synchronize thesraijmns so the concept of reverse
logistics was explored and applied in a constractontext by modelling the key
findings of the field study. The graphical flow nechighlighted the potential for
reduction in the total number of vehicle movemeartd reduction in the number of
empty runs.

The utilization of reverse logistics in a constrogtcontext could improve vehicle
utilization and reduce vehicular movements whilenidtaneously improving the
service being provided to customers. In other wothsre appears to be a major
scope for reducing wastes related to unnecessaryemmnt, conveyance and
unnecessary motion in the process. However, theplsagnstrategy, which was
purposive in nature, reduces the generalizabilitthe findings since the sample is
non-random and did not obtain the minimum dataesgtired for statistical analysis.
Therefore, the inability to generalise the findingglely could be construed as a
limitation of the study.
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