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Abstract:

Materials are important in every construction pecbjas they contribute to a significant
proportion of the total construction costs. Asault, planners and managers would strive
to plan and control the ordering, distribution astdrage of materials (i.e. the logistics
process) carefully in order to maximize the protitgt Despite that, there is a lack of
simple but powerful formalism to analyze and madtiel logistics process under a dynamic
environment. This research aims to resolve thélpmo and facilitate the decision-makers
to increase the productivity while minimizing thest through better logistics arrangement.
In this research, the common material logisticsciizas are revealed and a material
management tool by referring to the acquisitiont geddevised. Time and cost are both
considered by linking the schedule of material \a#ly to the construction program to
establish the determinant variables which coulcecffthe material acquisition costs.
Genetic algorithms are used to generate the bedtivgoand delivery schedules with the
lowest material acquisition cost. The resultshid tesearch can be used for re-engineering
and improving the logistics management at the sthgdanning changes and evaluating the
effects of those changes before such a decisimade.
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1. Practicein Construction Industry

The construction industry is highly fragmented whipuld lead to significant negative
impacts, not least low productivity, cost and tioverrun, conflicts and disputes resulting
in claims and time consuming litigation (Tucketral, 2001). An investigation into the
time consumption reveals that the site workforcensis considerable amount of time
waiting for the ordering and delivery of material$he non-value-adding activities were
found to be as high as 40 percent of the overaljept duration from the inception to
completion stages (Mohamed, 1996).

Evbuomwan and Anumba (1998) summarized that thblgms of construction industry
lied with its (i) difficulty in capturing, structumg, prioritizing and implementing client’s
needs; (ii) dispersed design, fabrication and cangbn data making it difficult to convey
the data to the downstream; (iii) reliance on pseoptimal design solutions; (iv) lack of
integration, co-ordination and collaboration betwe®rious disciplines during the life-
cycle of a project; and (v) poor communication egigin intention and rationale resulting
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in unwarranted design changes, inadequate desigafisptions, unnecessary liability
claims, and increase in project time and cost.

Construction Industry Institute of United Statesnadaded in their industry-wide
investigation that project performance measuredemrms of cost, schedule, technical,
quality, safety and profit objectives had rooms $obstantial improvement as a whole
(Anderson, 1990). Construction Industry Board, teleshi Kingdom suggested that the
construction industry should be more competitived ashall aim at reducing the
construction costs by 30 percent (Garnett, 200Mohamed (1996) reckoned that 25
percent of time saving can be achieved in a tymoaktruction work package without any
increase in the allocated resources (Yeo, 2002)gistics management is, therefore, an
important way to realize the objective of improvicmnstruction productivity.

2. Construction Material Logistics

Construction logistics comprises planning, orgatmra coordination, and control of the
materials flow from the extraction of raw materitdsthe incorporation into the finished
building (Clausen, 1995). Construction logistic ragement is the management of
material and information flow throughout the prajkfe cycle. Transport and distribution
are the cornerstones of logistics and it is thetmisble manifestations (Canadine, 1996).
Previous studies pointed out that the cost of mas$ein a typical construction project can
be as much as 70 percent of the total constructists (Sobotka and Czarnigowska, 2005).
Materials control 80 percent of the project schediwbm acquisition to use (Stewart,
2004). Apart from the direct cost, the costs ofarials also embrace the logistic cost. In
the absence of much room to significantly redu@diiect cost, managers would try to
minimize the costs pertinent to material logistreduding transportation and storage.

The importance of logistic cost was highlighted nrany studies. For instance, an
empirical study in Finland (Wegelius, 2001) fourtdatt the total logistic costs for the
supply of plasterboard accounted for 27 percenitofpurchase price. Sobotka and
Czarnigowska (2005) postulated that any actionsatdss the rationalization of size,
structure and organisation of material consumptibonng with proper planning of delivery
and storage can increase project efficiency. Adbal sourcing is becoming a trend in
today’'s competitive market, capturing and evaluatihe logistics costs involved in a
global supply chain appears to be an increasingfigal strategic benefit (Fagan, 1991).

3. Research method

Numerous factors can drive up logistics costs suiistlly, which may offset the benefits
of having business with international suppliersneQvay to account for the logistics cost
was presented by van Damme and van der Zon (1989%y employed an Activity-Based
Costing (ABC) approach to analyze the financialoinfation so as to help top
management making logistics decision. Maltz arichl (1997) identified those logistics
activities that could affect the outsourcing demisi and they presented a ten-step
procedure to compare the make or buy alternatisggyuhe total cost relationships. Some
researchers, on the other hand, focused on domegistics systems where the optimal
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order / purchase quantity was derived based onmmiimg the system cost for a particular
transportation mode (Lee, 1986; Russell and Kragevi®91; Tersine and Barman, 1991,
Bertazziet al, 1995; Tyworth and Zeng, 1998).

Despite many research about logistics cost cambedfin the manufacturing industry,
similar studies in the construction discipline act as popular. Yet, cost management in
construction is not a new topic and has been dpedldor many years. But when
considering construction logistics in terms of epst is a new area with little attention.
Research in construction supply chain does showe tlsecertain relationship with the
costs. There is a need to identify ways to lover ¢ost and time consumed apart from
uplifting project quality.

The purpose of this paper is to assist managenoeahalyze construction logistics by
relating to the costs of those activities and tidluences. The paper focuses on the use
of the ABC approach in allocating the cost of dttg to the specific cost objects
involved when implementing the ABC concept withie tonstruction logistics process.

ABC is a method by which critical cost data is gaéu for analysis and utilized either in a
single work process or among the entire projetis tlefined as a system of “calculating
the costs of individual activities and assigningsth costs to cost objects such as a
products and services on the basis of the acsviti@ertaken to produce each product or
service” (Horgreret al, 2000).

4. Analysisof Construction Material L ogistics Cost

Before costs can be determined through ABC, a tigiraunderstanding of the logistics
activities and their relationship to ABC must beveleped. The major construction
logistics processes that facilitate the flow of enatls from the point of suppliers to the
where they are consumed for work include (i) deméor@casting; (i) bidding; (iii)
inventory management; (iv) material handling; (@nsportation; and (vi) warehousing.
Each of these general processes is a part of ilgigtocess and in order to thoroughly
evaluate the total cost of logistics activitied,ralated activities or sub-activities must be
taken into account. Based on the understandirtheotonstruction logistics process the
relationship between processes and the major icgisbsts becomes more evident (kin
al, 2001).

The major logistics costs can be categorized asinfientory carrying costs; (ii)
procurement costs; (iii) order processing costs;) (ransportation costs; and (v)
warehousing costs (Lambettal, 1998). These costs occur during the logisticEgsses.
Based on the ABC concept being adopted for anajytire logistics cost in previous
studies (e.g. Gooley, 1995; Henricks, 1999; Thorh8984), modifications are made to suit
the cost analysis method in the construction lagggbrocess and those distinctive steps.
The results allow the planners to determine theekiwotal logistics cost which can be
used for building a project logistics system.
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4.1 Building cost analysis team

During the cost analysis using the ABC approachaBle persons shall be selected from
all the parties in the logistics process. Those wimderstand and help manage the
activities that consume the resources and those halve experience in analyzing cost
information of each activity shall be involved. rRo construction project, the team may
include contractor's purchasing manager, projechagar on site, planner, quantity
surveyor, etc.

4.2 Analyzing construction logistics process

This step is to identify and classify the majorgasses within the logistics function. In

this paper, the analysis is based on an investigati a residential project in Hong Kong

with extensive use of precast concrete units. ldbistics processes are illustrated in the
left part of Fig. 1.

4.3 Breaking processes into activities

This step of the implementation procedure is totimsish any specific, resource-
consuming activities within each logistics proce®reaking down the logistics process
into as many as possible well-defined activitideved a better analysis of the cost of each
process. As shown in the right hand side of Figyrihe logistics process of procurement
composes of activities performed by the contraatat suppliers. Contractor’s purchasing
department has to prepare the bidding documentgliwdecides the total quantities of
materials, delivery schedule and quality requireinexdminister the bidding process and
negotiate with suppliers on the supply details. t@nsuppliers’ side, they need to prepare
the tender documents, negotiate the price, andlip@lbheir team for production. During
the transportation stage, inspection is first earout to ensure the right products are being
uploaded. Materials are uploaded by a truck eaqdppith a jib and this truck will also be
used to lift materials onto other trucks. Aftee timaterials have arrived on site, same
procedure is carried out. Materials are unloadetisiored on the designated storage area
where they are inspected by the contractor again.

4.4 Identifying the resources that the activities camsed

ABC system is used to uncover the costs of relegatitities that have been identified in
the previous step. In order to discover the aaisii actual cost, the resources consumed
by each activity must be pinpointed. Dependingruii activity and the method used in
the logistics process, different types of resouraes consumed. Most resources in
company can be divided into five major categoriasluding the labor, materials,
equipment, facilities, property, and capital (Brons 1991; Kaplan and Cooper, 1998).
This paper considers the labor, equipment, capitdlproperty. The activities consume in
every logistics process are shown in Table 1.
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Fig. 1. Logistics Process and Activities of Constien Material Logistics Process
4.5 Determining the activities’ costs

When the resources for each logistics activityideatified, the cost of activities can then
be determined. In ABC, meaningful cost data shalbbtained to show the relationship
between the activity and the way in which resouraes consumed (Brimson, 1991;
Kaplan and Cooper, 1998; Develin, 1999). Tablédws the unit cost of resource that is
consumed during the construction logistics proeggkactivity cost when multiplying the

unit cost with the quantity consumed by the adfivit

4.6. Analyzing the cost of logistics process

Based on the investigation at construction sitethadanalysis in Table 1, the logistics cost
(K) during the material acquisition can be classifiedo six categoriesyviz. (i)
procurementost (ii) storage cost at supplier's warehouse; @ignsportation cost; (iv)
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unloading cost; (v) storage cost on site; and papalty for any changes in delivery

schedule.
KLogistics = KProcuremem + KSorage(S) + KTransportaIion + KUnloading + KSorage(C) + KPenaIty
Table 1: ABC for construction material logistics
Logistics Category Resource Cost of Resource Cost of Activity
Process
Procurement Labor Staff in bidding Pay rate « Pay ratex Working time
Equipment | Printer, papers,Depreciation rate | « Depreciation rate x Order
fax, telephone guantity x Unit cost
Capital Traffic cost Traffic cost rate | « Traffic cost rate x Order
quantity x Unit cost
Storage (S) Labor Administrator Pay rate « Pay ratex Working time
Equipment Shelf Depreciation ratee Depreciation ratex Store time
Property Warehouse Rentrate |« Rentrate x Storage quantity x
Store time
Capital Capital cost | Opportunity cost » Opportunity cost rate xStorage
frozen in rate quantity xUnit cost x Store time
inventory,
insurance, loss| Insurance rate * Insurance rate x Storage
quantity xUnit cost
Loss rate
» Loss rate x Storage quantity x
Unit cost
Transportation Labor Truck driver Pay rate » Pay ratex Working time
Inspector Pay rate » Pay ratex Working timex
(Supplier) Delivery times
Equipment Trucks Rent rate » Rent ratex Working time or
Rent ratex Distance
Material 0]] Oil consumed ratejs  Oil consumed ratex oil cost X
oil cost Distance
Unloading Labor Truck driver Pay rate » Pay ratex Working time
Inspector Pay rate » Pay ratex Working timex
(Contractor) Delivery times
Equipment | Trucks, Crane Rent rate « Rent ratex Working time
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Material 0]] Oil consumed rateje  Oil consumed ratex oil cost X
oil cost Distance
Storage Labor Administrator Pay rate » Pay rate x Working time
(On site)
Equipment Shelf Depreciation ratee Depreciation ratex Store time

Capital Capital Opportunity . Opportunity cost

cost cost rate rate xStorage quantity
frozen in xUnit cost x Store time
inventory,
insurance, . Insurance rate x
loss Storage quantity xUnit
cost

A1

. Loss rate x Storagge
guantity x Unit cost

The procurement cost can be decided and will natHaengeable when the pay rate and
work hours of staff in bidding, depreciation ratedamachine hours, cost for negotiation
are known. As for the storage cost at the suppli@arehouse, the administration fee,
capital cost, issuance and loss can be decided thiose rates and total material quantities
are known and will not be changeable. However,ddgital cost, allocated warehouse
rental cost and equipment depreciation cost maghbeged according to the storage time
and quantities of every batch. Transportation ¥&# increase when the delivery
frequency delivery times) increases as it could lead to more inspection @egaration
times. For the contractor, inspection occurs evieng materials arrive on site. The cost
of this mainly relates to the inspection and shdwddincluded in the materials logistics
cost. More frequent delivery schedule will alsarease the unloading cost with more
inspection required before the materials can bepsed.

Storage at supplier's warehouse, transportatiosuppliers, unloading work can be seen

as the services offered by suppliers (lféﬁ”icem = Kaoragss * Kriansoraion * Kunioaing ).

The sale cost and service cost constitute the mktecost for the contractor
(KMateriaI = KSaIe+KService)_

Regarding the storage cost, except for the capibst and the allocated equipment
depreciation, the other costs can be decided whesetrates and the total material
guantities are known and not changeable. Captstland allocated depreciation cost will
change according to the storage time and quantfiesery batch. The cost of changing
the delivery schedule is not described in Tableslitds not an activity nor would it
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consume any resources. It may just appear in ah&ract and has to be decided at the
procurement stage. Here, it is assumed that thaltyecost is decided as a certain number
in the contract. When penalty occurs, this partast will not change along with other
factors. Some studies refer this cost as thederarost and include such cost in the cost
of carrying stock (i.e. inventory cost) (Waters030 This paper tries to differentiate it
from the stock carry cost as any change in thevelglischedule will lead to a change of
the entire logistics method rather than the invgntost alone.

Furthermore, the logistics cost being paid by tingptier and contractor shall be analyzed
as whoever paying the cost it will be includedha material acquisition cost and allocated
to the end customers. The purpose of this resaarth lower the logistics cost of the

entire supply chain rather than a particular paity.o The profit generated by any

reduction in logistics cost will be shared by tlaties involved in the whole supply chains
in a long run.

4.6 Finding main affecting factors to logistics cost

According to above cost analysis we can identigy¢bnstruction logistics cost that will be
changed with different delivery times, storage tiamel quantities when other parameters
are determined. Storage and transportation betoenmain determining processes. They
are the two pairwise factors changing in oppositections. Lowering storage on site will
lead to a higher transportation cost as any iner@agelivery frequency will raise the cost
of inspection and preparation before uploadinghat warehouse and unloading at site.
However, the material storage time and quantity eecrease in every batch leading to a
decrease in storage cost.

Currently, planners estimate the delivery frequesicg size according to their experience
and the work schedule, while cost is seldom coms@tland quantified when making such
decision. The work schedule is a determining fafdo delivery planning and may affect
the logistics cost. During construction some warkghe schedule are flexible. Different
time schedule will lead to different material reganent and ultimately have effects on the
logistics cost. In the following section, the tedaship between the time factors such as
the delivery schedule and the work schedule witistraction material logistics cost will
be analyzed, and simulation will be carried ouhians of the Genetic Algorithms (GA)
approach. As there are many simulation method tvel¢he optimal results, this paper
select GA just as a tools to achieve the objects.

5. Mode Simulation

Simulation method is used here to help generateiesit work schedule and delivery
schedule by minimizing the logistics cost and iasreg the chance of on time completion.
The start time of the activity, storage time, gitgntelivery frequency and quantity are
the variables in this model. As an initial atteroptthe GAs simulation, this paper only
focuses on the work start time, delivery frequeang quantity while the other affecting
variables will be considered in the next stage.
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GAs is a self-adaptation optimization technologysdsh on the genetic and evolution
concepts (Holland, 1975; Goldberg, 1989). To Histalgorithm into model simulation,
two assumptions have been made as the preconditibis research:

* The penalty cost is not being considered so asnplify the model formulation, and
hence the project manager can change the delivkigdsle according to construction
progress without considering any shortage in matstipply.

* As this model emphasizes on minimizing matermajidtics cost, it is assumed that a
change in the work schedule will have no impacttiom critical path and hence the
overall construction period.

Except the above basic assumptions, the followorglitions are derived for simulation at
the current stage. These conditions are usedhirconvenience of fitting the model
variables into the simulation process.

e The quantity of distribution is the same each timbile the frequency of delivery is

D
>R
= =1

determined byg, =q, =...=q, =...+q,

; in which R is the daily resource

consumption an®@ is the total working period.
» The delivery interval is separated by the delivanes equally.

The start time of an activityTis) affects the material consumption and must satiséy
following:

Tes =T =Tis

ma){T js+tj } STis

Where Tigs is the activity’s earliest start timdj.s is the activity’'s latest start timd;s
represents the start time of all preceding acésjtiandt; is the activity duration. The
equation requires the activity to begin beforelttest start time but after the earliest start
time, and an activity cannot begin until all thegeding activities are accomplished. A
suitable activity start time will give perfect resoe consumption curve which will result
in the lowest cost.

Distribution variable concerns the number of dmition () from suppliers’ warehouse to
the site, i.,e0<n<D. This variable decides the time to supply theemals to site in
order to avoid any over-stocking or otherwise matgershortage from occurring. The
optimal material acquisition cost and delivery shiie of a project schedule based on the
eight construction activities in Sun (2004) arerfdu
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Table 2: Working Schedule

6| 7( 8 9 o 1 2 3 4 65 [ B |9 [0 [1 |2 |3 (4 |5 | |8 9| 0| 1| 2| 3| 4 5 6 7 § L

Table 2 shows the work schedule of the projectcotding to the analysis, the resources
consumed by Activities A-H per day are 600, 3000,5000, 300, 700, 600, and 400
respectively. The total quantity of resources ocomsd during the construction

n 42
is)' g =) R=42500. The variables in this model include the activitart time Ti)

i=1 d=1
and the delivery frequency)( The start time of Activitie8, D, E andG are considered
as variables as they have flexible time. HefBs is an integer matrix,
whereT . <T_ <T,;and T, 0(0,8], Tos 1(8.23, Ts (8,17, Tos 1(1934]. Besidesn
is an integer, wher®@<n<D; n{J (0,43]. In this study, 40 individuals and 30 generations

were set for the simulation. The individuals gétser to an optimal result as the
generations evolve. The minimal logistics cos$24,730 and the variables for this result
IS (Tes, Tos, Tes, Tes, N) = (1, 9, 13, 32, 41) implying that when ActiviiB, D, E and G
are beginning at the®19" 13" and 32° days respectively with the material distribution
according to the daily delivery until the%day, the material acquisition cost would be the
least. The material to be delivered on site i87 fflems per day.

6. Conclusion

A large amount of literature exists discusgimg strategic role of logistics in creating value
and its relationship to a company’s financial perfance. As reported by Richardson
(1995), logistics controls a significant amount&stets and has direct impact on cash flow
and that could add value through continuous pradtictand service improvements, and
possesses a strong relationship with a firm’s eustoservice level and revenues. This
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research is an initial step towards an integratedsttuction logistics modeling and
simulation. Based on the ABC theory, the constoaclogistics cost can be analyzed in
detail and the relationship between the schedussmgement and logistics cost can also be
established. The material logistics model in thpgy is based on the just-in-time concept
where no off-site warehouse exists. The outconfgki® initial study lay an important
foundation for further research. Further reseanth focus on the study of delivery
schedule along with different quantities and indsypenalty or extra cost for any changes
in delivery schedule, and the effect on criticathpeaused by the changes in work start
time. The actual data of every item in the logstiost function will be collected through a
comprehensive case study on site.
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