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Automation in construction material handling system is a method of utilising
material handling equipment. It could be the basis of cost reduction or wasteful
expenses if not efficiently planned. However, there is limited understanding of
construction material handling process utilised by the manufacturing industry in
Nigeria. Thus, the aim of this study is to evaluate the efficiency of automation in
material handling by the manufacturing industry in North Central Nigeria. A
quantitative method and case study research approach was adopted, six
construction material manufactured and distributed within the North-central
region of Nigeria were selected for this study. A purposive sampling method was
used for the selection of the ten construction material manufacturing companies
used in the research. The study employed non -participant structured observation
and measurement template for the data collection. The material handling processes
observed includes, order picking method, material handling equipment, storage
equipment, loading and offloading equipment. The descriptive method of data
analysis was employed using percentage and results presented in a form of bar
charts and interpreted directly. The study concluded low utilisation of automation
in the combined processes of order picking, handling, storage, loading and
offloading. But used more manual labour that involved multiple handling. This low
adoption of automation in material handling by the manufacturing industry leads
to inefficiency. This in turn have a negative influence such as poor management,
low throughput, prone to error, long lead time and high labour cost. These have
the implication of increasing construction cost and cause project delay. This study
was conducted using observations which is one of the limitations of this study.
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INTRODUCTION

Construction material is a basic constituent in construction projects and can make
an important contribution to the cost effectiveness of projects (Abhilin and Vishak,
2017). Research has revealed that the cost of construction material is usually about
50%-60% of the total cost of a project (Duiyong, Shidong and Mingshan, 2014).
Apart from the direct cost, the costing of material also includes handling cost. It is
often said that material handling only adds to the cost of a product, it does not
add to the value of a product (Kay, 2012). Poor manual handling practices may be
evident in warehouses where high levels of productivity are expected of
pickers(Webster, Dalby, Fox, and Pinder, 2014). The on-site materials tracking and
locating are made difficult due to manual tracking process which is labour
intensive, mistake inclined, resulting in the delay in timely execution and increase
in cost of construction project ( Kasim, Liwan, Shamsuddin, Zainal and Kamaruddin,
2012).

Automated material handling could be a basis of cost savings or excessive cost if
it is not efficiently planned (Bouh and Riopel, 2015). Jang and Skibniewski (2009)
opined that the advancement in technology and innovation in the construction
industry should make it, in fact, reasonable to execute an automated monitoring
and tracing system for material. Even though the construction industry in Nigeria
has advanced to the point of executing big and complex projects, they still largely
operate manually(Jang and Skibniewski, 2009). Time and effort cannot be wasted
through the labour-intensive processes of reporting and documentation, and
communication from site through the present manual handling systems, especially
as the construction projects increase in size and scope (Equere and Tang, 2010). It
becomes imperative, therefore, that material handling and tracking be automated
to efficiently manage further anticipated growth.

However, industries that manufacture construction materials are external to the
organisation of the project and are thus observed to be of lesser significance in the
project approach. Consequently, the material handling function of manufacturing
industries, even though critical, has been largely ignored. Hence, there is limited
knowledge and understanding of the automation in construction material
handling in Nigeria. The research question was, how efficient is the construction
material handling utilised in the selected manufacturing industries situated in
North Central Nigeria? The aim of this study was to evaluate the efficiency of
automation in material handling by the manufacturing industry in North Central
Nigeria.

LITERATURE REVIEW

Automation Principle of Material Handling

Automation principle of material handling is that the operations should be
“mechanised and/or automated where feasible to improve operational efficiency,
increase responsiveness, improve consistency and predictability, reduce operating
costs, and to eliminate repetitive or potentially unsafe manual labor”(Material
Handling Institute (MHI), 2000). At the point when a warehouse or distribution
centre is automated, it activates the systems upon dispatch at the same time as
bring up-to-date the records automatically, consequently orders are placed on
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time (Kim, 2006). So, there is a necessity for efficient materials handling with the
purpose of control, productivity and cost in construction projects (Patel, Pitroda
and Bhavsar, 2015). However, there are monetary trade-offs between high capital
costs of mechanised systems, and increased labour costs in manual systems and
types of manual handling that occur in such places (Webster etal,, 2014). The next
section focused on the sub-themes, automation and manual order picking,
material handling equipment and storage equipment

Automation and Manual order picking

The factors that impact the measure of manual handling inside warehouses and
distribution centres are multifaceted and inter-locking. The main element is the
strategy of the order picking system, especially how much automation is utilised
and whether pickers move between pick spaces or whether items are automatically
delivered to them (Webster et al, 2014). Order picking typically account for 50-
75% of the total operational expenses for a warehouse (De Koster, Le-Duc, and
Roodbergen, 2007). Any inefficiency in order picking can lead to unsatisfactory
service and high operational expenses for the warehouse, and the entire supply
chain (De Koster, Le-Duc and Roodbergen, 2007).

Manual order picking methods are slower as the picker must handle and read the
paper, while if picking orders are given by a pick by voice method, this operation
is removed. Systems, for example, pick to light, that show automatically where the
picker can expect to locate the next item to pick, are likewise faster since they
remove the operation of searching for the correct pick slot (Webster et al,, 2014).
Where order pickers need to move from the storage area, the movement time is
an increasing dimension of the travel distance (De Koster, Le-Duc and
Roodbergen, 2007). In addition; the conventional manual method utilised
occasionally gives unreliable information with respect to the materials. Problems
concerning the monitoring and locating of materials on-site have become an
incredible concern in construction industry as materials always come in bulk
without proper identification (Kasim et al., 2012).

On the other hand, bar coding alludes to the fixing of computer decipherable
codes on items, cartons, containers and trucks. These bar codes increase
efficiency in three ways: speed, accuracy and reliability (Sople, 2010). In addition,
automated methods are beneficial, as the processes of both order pickers and
operatives moving new stock to storage locations are documented by the
Warehouse Management System (WMS). Most importantly, Aberdeen Group (
2009) observed that 70 % of best-in-class organisations are more probable than
other organisations to accept products without utilising paper documents. All have
moved to the utilisation of barcodes, RFID or voice technology. In a similar study
by Gwynne (2014) it was shown that various producers have presented a joined
voice and automated guided vehicle (AGV) or laser guided forklift truck system. By
implementing both systems simultaneously, productivity improved by up to 70%.
A related investigation by Tambovcevs (2012) establishes that Enterprise Resource
Planning (ERP) system merchants need to work with manufacturing and
construction industry professionals to improve more customised results for
manufacturing and construction companies. In addition, the recommended that
the application of ERP can give considerable benefits (Tambovcevs, 2012).
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Material-Handling Equipment (MHE)

Many researchers have discussed warehouse automation from different
perspectives. These include warehouse technology, workshop equipment,
warehouse systems and factory equipment (Kay, 2012). For the maximum benefits
of specialisation to be achieved, handling equipment at the nodes ought to offer
fast loading and offloading of material to make best use of the quantity of full
vehicle load kilometre per unit of time (Pienaar ,2016). Furthermore, economies of
density require the optimal use of big, strong equipment over as long period as
possible. These include automatic loaders, high level cranes, forklifts, manual,
loader shovels, excavators, overhead gantries and utilisation of saddle carriers
(Hannan, 2011). These vehicle equipment permits additional grades of movement
for handling unit loads. It should be noted that efficiency of offloading processes
could be enhanced by 61% with information system automated ( Andreji¢ and
Milorad , 2016).

An investigation by Baker and Perotti (2008) into the kind of equipment used in UK
warehouses established a substantial adoption of the picker-to-goods system,
with the use of pallet trucks, lift trucks and shelving and racking as storage options.
In addition, organisations used a combination of equipment to handle different
types of materials and order profiles. The significance of appropriate utilisation of
MHE cannot be overemphasised. As indicated by Rajes and Subbaiah (2015), the
utilisation of MHE helps in reducing the labour of workers by reducing forces in
lifting, handling, pushing and pulling material. Furthermore, it increases efficiency,
control costs, and optimise productivity (Bouh and Riopel, 2015). In addition, there
is reduction in damage to material through human error and negligence, and a
reduction in fatigue and injury when the environment is insecure or inaccessible
(Kay, 2012). But the more times material is handled, the more the overall logistics
costs add up as the process still comprises both equipment and human effort
(Michael, 2015). Despite the benefit of picking equipment, Peerless Research Group
(2012) study revealed that 70 % of the respondents in the United States planned
to spend less than 250,000 dollars on warehouse equipment in 2013 with only 11%
contemplating the purchase or evaluation of automated systems.

Storage Equipment

Storage equipment is utilised for stockpiling or keeping materials over a period.
Some storage equipment may include those used for transporting material such
as Automated Storage and Retrieval Systems (AS/RS) or storage carousels.
Roodbergen and Vis (2009) recognised that insignificant consideration has been
given to the relationship between AS/RS and other material handling systems in
production or distribution centres. When no storage equipment is required, then
material is block stacked directly on the floor. Storage racks are utilised to give
support to a load as well as to make the load accessible (Kay, 2012). But
interestingly, even in modern warehouses, the most popular forms of storage
noted for the group of companies surveyed was floor storage and standard aisle
racking (Baker and Perotti, 2008). The advantages associated with block stacking,
include access, damage, stock rotation and space utilisation (Gwynne, 2014). The
warehouse height of 15m creates double volume to allow for optimal aisle width
for fork lift truck and cube method space utilisation (Gwynne, 2014).
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RESEARCH METHODOLOGY

This study is an objective problem in need of observation and measurement; hence
a quantitative research method was adopted. A case study research approach was
employed, where six construction material (cement, reinforcement bar, ceramic
tiles, gravels, hollow sandcrete block and sand) manufactured and distributed
within five states capital and Abuja in the North-Central Nigeria were selected for
this study. The study used purposive sampling method because the study obtained
information from specific group of manufacturing industries. Multistage sampling
was used, which comprised of 10 manufacturer's warehouses/plants, 42
distribution centre/ warehouses and retailer stores and 30 construction sites. This
is supported by Yin (2009) that a flawless case study should use a research plan
including multi-sites to be examined, and different strategies to examine the data
collected.

The node versus links method is by far the most suitable way to observe the
logistics system in a construction context (Shakantu and Emuze, 2012). Thus, the
unit of analysis was the current material handling operations at the manufacturers’
warehouse (node) and their transport delivery (link) to the distribution centres/
warehouses, retailers store and sites provided the starting point to understanding
the context of the problem. The data was collected using primary records through
non-participant observations and measurement of material handling operations in
a form of template. This is in consonant with the recommendation by Kamali, (2018)
that a different method like the observation could help more to understand how
the on time delivery performance is implemented by firms. A modified pallet
equipment used in the study by Baker and Perotti (2008) was adopted for material
handling equipment and storage equipment.

To conduct a valid field study, the variables used in the research instrument
includes; order picking methods, material handling equipment, storage
equipment/methods, type of vehicle, actual volume/capacity of vehicle, quantity of
material driven per vehicle, vehicle loading and offloading time, loading
equipment, the number of staff used for material loading/ offloading, the cost of
loading/offloading each vehicle, cost of transport per each delivery and location
of delivery. These were for72 orders processed and delivered by transport
providers to the various locations within the study area. The descriptive method of
data analysis was employed using percentage and results presented in a form
of bar charts and interpreted directly.This kind of descriptive study can be
informative when there is little knowledge and understanding of a phenomenon
(Loeb, Dynarski, McFarland, Morris, Reardon, and Reber, 2017).

ANALYSIS AND RESULTS

The analysis was done using percentage. A percentage is calculated by dividing
the number of times a value for a variable observed, by the total number of
observations in the population, then multiplying this number by 100. The result is
then presented in a form of bar chart which represents the proportional value of
the variable. The result of analysis of automation in construction material handling
utilised by the material manufacturing companies is presented in this under the
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sub heading of orders piking method, material handling equipment, storage
equipment and method loading and offloading material.

Order Picking Method used in Manufacturers Warehouses

The study sought to find out the method of order picking utilised the in the
manufacturer’s warehouses. Figure 1 presents the current automation utilised for
order picking processes in the manufacturer warehouses. This established that 88%
of the companies used the paper picking method, while 12% use an automated
method. The paper-based order picking methods are slower as the picker must
handle and read the paper, while if automated methods of pick by voice or
barcodes would have been faster. The major finding was that most of the
companies used the paper picking method, which suggests low adoption of
automation.
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Figure 1. Order Picking Method’s adopted in the Manufacturer’s Warehouses

Material Handling Equipment used in Manufacturer’'s Warehouses

In addition, the study evaluates the type of material handling equipment utilised
in the manufacturer warehouses as indicated in Figure 2. It established that 13%
of the companies used a pay loader, while 6% of the companies used mini
automated loaders, high level order picking cranes and forklift trucks. In addition,
69% of the companies did not use any of the order picking equipment. This
indicates less automation in material handling to reduce human effort, elimination
of offloading charges and improving the counting time at the warehouse. The
major finding was that most of the companies did not use any of the material
handling equipment.
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Figure 2 Materials Handling Equipment used in Manufacturer’s Warehouses
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Storage Equipment used in Manufacturer’'s Warehouses

Another, impetus for the study was an evaluation of the automation of warehouse,
such as types of storage equipment and efficient utilisation of storage space.
Pallet storage equipment used in UK warehouse by Baker and Perotti (2008) was
adopted for storage equipment. Figure 3 established 88%, 6% and 6% of the
companies used floor/ block, double deep and pallet floor racking storage
equipment respectively. The major finding was majority of the companies used
floor/block storage method which suggest low take up of pallet storage equipment
in the warehouses. With the low adoption of storage equipment and racks give less
support to loads as well as make the load accessibility and handling problematic.

More than two deep AS/RS
Single deep AS/RS
Powered mobile racking 0 695
Drive in through racking 8 ’
Double deep racking f== 6.25
Floor/block storage 875
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Storage Equipment

% of Storage Equipment utilised by MFC Sites 1-10
Figure 3 Storage Equipment used in Manufacturer’s Warehouse

Method of Loading and Offloading Vehicle

The study sought to understand the type and level of automation adopted to
increase efficiency in loading and offloading vehicle. Therefore, data on the
method of loading vehicle at the manufacturers warehouses and offloading of
vehicles at the Distribution Centres /Warehouses (DC/WH), retailers stores, and
construction sites were analysed and presented in figure 4.

The analysis results indicated that 40% of the companies used manual methods of
loading at the manufacturer's warehouses and sites. The other companies used
pay loaders (16.67%), forklift trucks (14.29%), high level cranes (14.29%) and
automatic loaders (14.29%) to load material. The major finding was that more than
half (60%) of the company warehouses were automated. This signify operational
efficiency, in terms of increase in speed, accuracy and productivity while reducing
repetitive or potentially unsafe manual labour.

In addition, the findings established that 75% of DC/WHs, retailer stores and sites
used manual methods of offloading material. But, 25% used the tipping method,
which was basically for sand and parts of granite. It was also observed that trailers
were used to transport granite. Since they cannot tip off, the material was manually
offloaded. This signify high operating time, cost, multiple handling and low
productivity.
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Figure 4 Method of loading and Offloading of Vehicle

Loading and Offloading Time

The economies of density are enhanced by using high capacity technology to
handle large bulk loads and minimising loading and offloading time and cost.
Therefore, the time of loading and offloading individual materials at the terminals
was evaluated.

The analysis of the average time taken to load and offload material per ton is
presented in Figure 5. It was established that, for cement, the loading time was
0.02 hours/ton and offloading time was 0.11hours/ton. Records confirmed the
average loading and offloading time for reinforcement bars (0.04 and 0.18
hours/ton), ceramic tiles (0.07 and 0.17hours/ton) and granite (0.01 and
0.07hours/ton). It is interesting to note that granite offloading time is higher than
its loading time. This is because trailer trucks were also used in the delivery of
granite. Since they do not tip off, the material had to be manually offloaded, which
led to increased offloading time and cost. The implication is that time and costs
are non-value-added costs, this cannot be recovered when one does an invoice for
the offloading of material.
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Figure 5 Average Time Taken to Load and Offload Materials Per Ton
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Cost of Loading and Offloading material

The relationship of average cost to load and offload individual material per ton is
shown in Figure 6. The results confirmed that the average cost of loading per ton
at the manufacturer's warehouses were as follows: cement (#&56.62/ton),
reinforcement bars (W425.63/ton), ceramic tiles (N507.99/ton), granite
(N78.16/ton), blocks (H179.73/ton) and sand (R151.66/ton).

In addition, the chart reveals that the average cost of offloading at the distribution
centres, warehouses, retailers stores and construction sites were as follows: for
cement (R274.70/ton), reinforcement bars (&861.24/ton), tiles (537.31/ton),
granite (H150.07/ton), blocks (W179.37/ton) and sand (W25.53/ton). The average
cost of offloading reinforcement bars per ton was the highest, probably because
this involves offloading, bending and stacking them. However, it should be noted
that ceramic tile companies used both forklift trucks and manual labour when
loading at the manufacturer warehouses.

The major finding was that the average cost of offloading materials/ton was higher
than the average cost of loading, except for blocks and sand. This may be explained
by the fact that blocks are both loaded and offloaded manually. The cost of loading
sand is higher because most companies did this manually, but they offloaded
mechanically by tipping off.
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Figure 6 Average Loading and Offloading Cost Per Ton

DISCUSSION OF RESULTS

Order Picking Method Use in Warehouses

The study established that most of the companies used the paper-based picking
method. This confirmed submission by Webster et al,, ( 2014) that manual order
picking methods are slower as the picker must handle and read the paper. This
could lead to error if the writing is illegible or if there is confusion over the way it
is written. This all adds time to the operation (Gwynne, 2014). This slow manual
operations lead to low throughput, long lead time and high labour costs in the
warehouse operations. In addition; it creates problems of monitoring and locating
of materials on construction site because materials always come in bulk without
proper identification (Kasim et al.,, 2012). Which is contrary to the use of bar codes
that will lead to a reduction in human mistakes, and an increase in the speed,
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accuracy and dependability (Sople, 2010). While De Koster, Le-Duc and
Roodbergen (2007) noted that inefficiency in order picking can lead to
unsatisfactory service and high operational expenses for the warehouse and the
entire supply chain. Therefore, the inference is that the order picking processes
adopted by companies are sub-optimal and inefficient.

Material Handling Equipment Used in Warehouses

The study results revealed that a few companies did use material handling
equipment such as pay loaders, mint automated loaders, high level order picking
cranes and forklift trucks. Most of the manufacturing companies did not use any
handling equipment in their warehouses. The implication is that multiple handling
of material causes low productivity in the warehouse. The findings contradict the
Baker and Perotti (2008) results on a survey of the type of equipment used in UK
warehouses. They found that most companies use a combination of equipment to
handle different types of materials. Furthermore, the findings is contrary to the use
of MHE to increase efficiency, control costs, and optimise productivity (Bouh and
Riopel, 2015). In addition, reducing worker efforts and boost worker's morale
(Rajesh and Subbaiah 2015). It also reduces damage to materials, possible
through human error or negligence, and reduces fatigue (Kay, 2012). Therefore, it
can be deduced that automation of the material handling processes in warehouses
was minimal and inefficient.

Storage Equipment Use in Warehouses

The study results established that most of the manufacturing companies used
floor/block storage methods in their warehouses. This finding was supported by
Baker and Perotti (2008), whose study of the modern warehouses of a group of
companies revealed that the most popular form of storage was floor storage and
standard wide aisle racking. This finding also confirmed the study by Roodbergen
and Vis (2009), which established that insignificant consideration has been given
to the utilisation of AS/RS and other material handling systems in warehouses and
distribution centres. But the finding is in contrast with Gwynne (2014) submission
that most of the mechanical handling and storage equipment manufacturers do
have sophisticated systems, including simulation software that can assist
companies with planning as to what type of racking and MHE will efficiently suit
their operations. The study revealed that the use of storage equipment was
minimal and inefficient.

Loading and Offloading Equipment

The study revealed that two-thirds of the manufacturer warehouses used
equipment such as automatic loaders for loading cement, high level cranes for
loading reinforcement bars, payloaders for loading granite/sand, and forklift trucks
for loading ceramic tiles. These findings is supported by the automation principle
of material handling that the operations should be mechanised and/or automated
where feasible to improve operational efficiency, reduce operating costs, and to
eliminate repetitive manual handling of material (Material Handling Institute
(MHI), 2000). However, the remaining companies used manual labour in the
loading of ceramic tiles (semi-mechanised), blocks, granite and sand. .

Furthermore, the results revealed that offloading was done manually at the
distribution centres/warehouses, retailer stores and sites. These findings contradict
Pienaar's (2016) assertions that to reap the optimum rewards of specialisation,
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handling equipment at terminals should be provided for rapid loading and
offloading to save time and cost. More so, it also contradicted the view that block
manufacturers normally use self-loading vehicles with cranes mounted on the edge
or on a removable mounting (Vidalakis and Sommerville, 2013). This truck
equipment allows for extra grades of movement for handling unit loads (Hannan,
2011).

It can now be deduced that the use of loading equipment at the manufacturer
warehouses was minimal, while there was no offloading equipment at the
distribution centres/ warehouses, retailer stores and sites. Hence, loading
processes at the manufacturer plant/warehouses, and offloading of vehicle
processes at the distribution centres/ warehouses, retailer stores and sites were
inefficient.

Load and Offloading Time

The study sought to confirm the average time taken per ton for loading and
offloading each material. The results revealed much disparity in the average time
taken per ton for loading and offloading each material. It took much lesser time
per ton to load at the manufacturer plants where the loading was done
mechanically. On the contrarily, it took more time per ton to offload at the
distribution centres/ warehouses, retailer stores and sites where most offloading
was done manually. These processes combined used fewer machines, but more
manual labour that involved multiple handling.

These findings contradict the assertion by Pienaar (2016) that using high capacity
technology to carry and handle large bulk loads can help in minimising loading
and offloading times. However, the offloading process can be more efficient and
enhanced by 61% if it improves its information systems (Andreji¢ and Kilibarda,
2016). Therefore, the efficiency of loading and offloading processes time per ton is
sub-optimal.

Loading and Offloading Costs

The study also revealed much disparity in average cost per ton for loading and
offloading individual materials. It costs less per ton to load than to offload in
companies where most of the loading was done mechanically at manufacturers
warehouse, as against most offloading being done manually at the distribution
centres/ warehouses, retailer stores and sites. This findings supports the fact that
the use of automation in material handling can increase efficiency, control costs,
and optimise productivity (Bouh and Riopel, 2015)

The findings corroborate Michaels' (2015) submission that the more multiple
handling of material, the more the overall logistics expense. The implication is that
the touch time costs are non-value-added costs that will never be recovered when
an invoice is calculated for the load (Niggi, 2017). Thus, for construction material
handling, the efficiency of loading and offloading cost per ton were sub-optimal.

CONCLUSION AND RECOMMENDATION

Automation of construction material handling is usually considered as a method
of reducing cost. However, the study concluded that the combined processes of
order picking, handling equipment, storage, loading and offloading used less
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automation, but more manual labour that involved multiple handling. This low
adoption of automation in material handling by the manufacturing industry leads
to inefficiency. This in turn have a negative influence such as prone to error, long
lead time and high labour cost. The implication of these findings is increase in
construction material price and delay of delivery to prospective customers. These
have the impact on increasing construction cost and cause delay in project
execution.

It can also be concluded that the average time per ton to load material was much
lesser at the manufacturer warehouses where loading was done mechanically.
However, it took more time per ton to offload at the distribution centres, retailer
stores and construction sites where offloading were done manually. Furthermore,
it cost less per ton to load mechanically at manufacturer warehouse as against the
cost of offloading manually at the distribution centres, retailer stores and
construction site. A recommendation is made for further study to explore why
automation is not adopted by these companies, despite its purported advantage.
This study was conducted using observations which is one of the limitations of this
study. Another limitation of this study is geographical in nature; since this study
covered only one out of the six geopolitical zones of the country, other zones
should be study and compare the results.
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