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IMPACT OF BUILDING INFORMATION MODELING ON JUST-IN-TIME MATERIAL
DELIVERY

ABSTRACT

The purpose of this research is to evaluate thadtnpf Building Information Modeling (BIM) on
Just-In-Time (JIT) material delivery, with a focos how the use of BIM can help improve efficient
implementation of JIT and reduce the cost of materianagement. Previous research and a number of
case studies have addressed the positive imp&itbbn construction at large but none focused anidl
construction. This paper presents a methodologgdtacting reliable material vendors. It also s&if the
integration of BIM and scheduling software to geerquantities of material and its required deinane
to improve the flow process and improve its religpto minimise related delays and productivitysses
arising from idle and non-productive time of equgrhand labour on jobsites. 4D visualization isizgd
to support coordination and timing of JIT matedaliveries in an effort to minimize congestion @ |
sites. Case studies on JIT material deliveriespaesented and the impact of BIM implementation on
reducing the cost of material management is evadudthe joint effect of BIM and JIT on quality cowit
elimination of waste, reduction of inventory bufferand on relationships with material vendors are
evaluated by analysing and comparing data from sasdies. The paper also presents a methodology
based on multi-attribute decision criteria for mitidg the selection criteria for material vendoiishe
model can assist in ranking vendors not only basedost and quality but also on their reliability i
delivering material on time.
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INTRODUCTION

Efficient material management is crucial to projgetcess. Materials stock outs, improper storage
of materials, double handling, inefficient methodsd out-of-sequence deliveries, have been observed
some of the most frequently occurring material ng@maent deficiencies on jobsites which disrupts
workflow and reduces productivity (Thomas, Riley Messner, 2005). Just-in-time material delivery
involves delivering the right quantities of matégigust in time for use or installation. Perishable
commodities such as ready mixed concrete must bbeeded in the right quantities just in time foreudJp
to 1.6% of total volume of ready mixed concrete vestimated by plant operators as wastes due to
incorrect timing of deliveries and inaccuracie®idered quantities (Tommelein & Li, 1999). JIT matke
deliveries are also inevitable in confined job siteost especially in busy downtown areas with ictstt
lay-down areas. The advantages of JIT in constmdticlude reduced inventories, improved qualitd an
increased productivity (Ansari & Modarress 1990;ll&d and Howell, 1995; Pheng & Chuan, 2001;
Pheng & Tan, 1998).

BIM has a positive impact on JIT material deliverizhich enhances the benefits of JIT
implementation. Visualization using BIM helps clisnand other project stakeholders to understand
complex projects. Reduced uncertainty and impropeddictability from the visualization of the
construction project over time helps to ensure @intarrupted workflow and increase productivity MBI
generates accurate material quantities and helpsdore a reliable delivery schedule which is irtgour
during JIT implementation.



Material vendors play a crucial role in the suctidssnplementation of JIT. Late delivery of
materials can lead to delays which may negativedgact the overall project schedule. With the use of
BIM on construction projects the technological dafies of vendors become increasingly important.
However, in selecting the best material vendordiacbeyond cost and quality still need to be atersid.
This paper presents a simple vendor selection idecisupport methodology based on multi-attribute
decision criteria for modelling the selection aréefor material vendors. The model will rank versloot
only based on cost and quality but also on thaihrielogical capabilities and reliability in delivieg
materials on time.

BACKGROUND ON TOOLSUTILIZED
Building infor mation modeling (BIM)

BIM is a modeling technology and associated s@rofessed to produce, communicate and
analyze building models which are composed of carepts represented by digital objects that carrg dat
and parametric rules (Teicholz, Sacks & Liston,P0BAzhar, Hein, and Sketo (2008) determined thst co
and time savings realized by using building infotiora modeling using data from Hilton Aquarium prctje
in Atlanta and several other construction projeSteermann (2009) through a survey showed thattgual
cost and on time completion were the top threetcoction Key Performance Indicators (KPIs) percdive
as most benefitted by BIM. The advantages of 3D-BiM 4D-BIM which were documented include:
early multidisciplinary collaboration, accurate geation of 2D drawings from BIM, clash detection,
reduced field coordination problems, increased petdity, fewer requests for information, and fewer
change orders.

Just-In-Time (JIT)
The Just-In-Time (JIT) philosophies aims to elindnenventory, eliminate waste, smooth the
flow of materials as well as improve productiviyst in Time material delivery aims to deliver thght

amount of material just in time for use or insttdia.

Table 1: The fundamental principles of JIT

Elimination of waste Elimination of waste from opesduction, wastes from waiting
time, Transportation waste, processing waste, itorgmwaste,
waste of motion and waste from product defects (Qh088).

The “Kanban” or “pull The Kanban system pulls materials as needed ostdn}ime

system” basis. (Arbulu, Ballard & Harper, 2003)

Uninterrupted work flow Simplifying the workflowugdomation, reduction of process set-
up times, and machine/equipment preventive mainiemna
programmes.

Total quality Control Total quality control concept aims to eliminate wdefects and

Concept receive materials without defects.

Top management Top management commitment to training and preventiv

commitment and employee maintenance programmes as well employee involveiment

involvement identifying ways to improve operations and workimigh greater
flexibility.

Supplier and client relations A long term relatibipswith a single or fewer reliable suppliers
who deliver high quality materials in smaller litess more
frequently just in time for use. Responding to tlkeeds and
demands of clients who provide the money.

Continuous improvements  Top management and employees both seek ways timgounsly
(‘Kaizen'’ in Japanese) improving existing processes by reducing or elitinganon-
value adding activities.




Benefits of JIT

The implementation of JIT does not require largaitehexpenditure on plant and equipment but
rather investment in training of employees andganization of work processes. JIT has both quaiii
and unquantifiable benefits. In Denmark, Berteld95) reported a 7 - 10% increases in productivity
the construction of a social housing project thgtegimented with the use of the JIT philosophy in
building logistics. The benefits of JIT are: redddnventories, improved quality, increased fleliipi
increased productivity and reduced space requiresnen

Impact of BIM on Just In Time Material Deliveries

BIM has a positive impact of just in time materadliveries which are both quantifiable and
unquantifiable. The quantifiable benefits are tbduction of material inventory, improvements in lgya
and waste reduction. The unquantifiable benefittuite visualization and productivity improvemerds,
well as improved communication and collaboratiomg dield co-ordination problems during deliveries.
BIM has a positive impact on the fundamental Pgles of JIT. Quantity take-offs generated from BIM
models helps in the elimination of waste while 4DABcan be used for quality control, continuous
improvement and helps to ensure uninterrupted waskévhich improves productivity. Visualization gise
clients a better understanding of the project. Bjdherated prefabricated components and more aecurat
material delivery schedules improves relationshigth suppliers. JIT can be aided by RFID as an
electronic KANBAN in triggering a pull (Brintrup, &asinghe, & McFarlane, 2010), when the material
has been installed in the right place and is upbist¢he model.

Inventory Reduction

Reduction of inventory buffers would reduce wastsiag from double handling of materials or
inventory holding costs such as storage costsgespas& of theft or damage, obsolescence, insurarash
tied up in inventory, finance costs, etc. Invergsruffers are held to meet fluctuations in dentand
ensure that there are no stock outs which leattsstdabor time, idle machinery, productivity lcssd
project delays. 4D-BIMcan be used to generateialiel delivery schedule.

Quantity take-offs generated from 2D drawings usaesassumptions to arrive at material
guantities which can be overestimated and may @oetaors or omissions. Excess unused materials may
end up as waste or scrap. Inaccurate quantitydéfkeare one of the factors that lead to time awst ¢
overruns in high rise projects in Indonesia (Kami@gpmolaiye, Holt & Harris, 1997)

BIM can extract the areas and volumes of objeatispeiavide a more accurate and automated
quantification of the building model. It takes l¢gse to generated more reliable quantity take-affd
estimates from BIM models. BIM can respond to clesng design and can automatically generate
quantity take-offs at any time during design orstauction. More accurate quantities of materials loa
delivered when using Just-In-Material deliveriedilafana (2011) using a case study compared the
guantity take-off estimates from models which waegeloped after construction to the original estama
by the contractor and the actual material procwhith showed a 22% decrease from the original es&m

Improved Quality

JIT aims to improve quality by eliminating maternidfects. Prefabrication technology brings
improved quality with better quality controls, retion of wastes, less-labour intensive operatioms a
faster construction of buildings (Pheng & Chan, @9®refabricated components are required to be of
good quality and fit accurately. Pheng & ChuanQ@0isted rejected batch due to poor quality aes afn
the causes of work delays involving precast comptméVaste results from rejected components which d
not fit accurately and from time spent on rectifica works to make components fit in place.



BIM can generate data of component details forgiméfation software for higher quality
components to be fabricated using Computer NunleCioatrol (CNC) machines. RFID combined with
BIM can be used for quality control. During the straction of the 84,000-seat stadium in New Jessey’
Meadowlands, RFID was used to track about 320G ast-structural elements, from casting to shipping,
delivery and placement to ensure that they werdymred and placed in the right sequence (Sawye8)200

Visualisation

Visualization of the project and jobsite and caharce communication between project
managers and constructors Owners will have a betigerstanding of the project at the design stade a
make an early input which reduces the possibilitgh@mnge orders. Visualisation can be used to gonfi
the location of components relative to other congods or objects to resolve any conflicts or intenfiee
early in design process.

A 4D-BIM model combines a 3D model with time. Oligeim the model are linked to a CPM
schedule to show the visualization of the projéeeaah instant in time. This helps all stakeholders
understand the construction process, the projeatyastage and how the completed project will look.
Visualisation of workspaces helps to resolve aaglués between sub-trades or site congestion whith ¢
disrupt workflow prior to construction. Continuomsprovements could be planned by visualizing the
construction process and having a better underisiguaw it will work. 4D-BIM Models can include
access routes and temporary equipment such as toavers which can be used to plan material deéigeri
and coordinate material handling equipment sudbwsr cranes and ensure their availability.
Uninterrupted material flow is critical during dediries most especially when there are other schddul
deliveries and there is a limited laydown area.iigg/could be realised through improved produgtjvit
fewer field coordination problems and clash detecti

Materials with RFID tags linked to objects in a Biwbdel can capture data and update the model.
The visibility of the real-time project status dagused to monitor progress and make possible
improvements. Staub-French and Khanzode (2007)gifrcase studies identified the benefits of 4D
modelling in assisting the coordination of schedwédifferent subcontractors, coordinating equiptne
placement, identifying constructability issuesim@hation of field interferences and decreasingjgut
duration.

PROPOSED METHOD

The selection of reliable material vendor is aicaitdecision which is faced by many owners. The
objective in selecting a vendor for JIT materidivdies is to select the best material vendor,thet
vendor that has the lowest price. The vendor selegroblem is a multi-criteria decision making plem
which considers several qualitative or quantitatikigeria and are in conflict with one another. SaV
authors have reviewed different vendor selectiothods used in Just-In-Time environments, (Aksoy &
Oztiirk, 2011; Weber, Current, & Benton, 1991). Pheposed method is based on a simple and
comprehensive decision support methodology, whichids time consuming analysis and accounts for risk
(Moselhi, 1994). It is based on multi-attributdlitgitheory “MAUT” (Ang & Tang, 1984).

Vendor Selection Criteria

The owners need to evaluate several criteria ecsetliable material vendors. Quality is a very
important criterion when implementing JIT. Delagmde caused by material rejects due to defeqisar
quality. JIT does not accept product defects tloeegproduct quality will be extremely importanteRious
studies on supplier evaluation criteria stated id\@iteria which can be used in the selectioretiible
material vendors. Freeland (1991) ranked qualitthasnost important criterion from the findingseof
survey of just-in-time purchasing practices in @fedent industries in the USA. Weber et al (198l50
mentioned quality as most important in the impletagon of JIT after a review of 74 research arsgaba
criteria and methods used for vendor selectione&gwther authors also ranked quality as the most



important criterion (Ansari & Modarress, 1990; by, & Dey, 2010; Kannan & Tan, 2002). Table 2
below lists the 5 most important criteria identifiey different authors.

Table 2 — JIT criteria for vendor selection

RANK ANSARI & WEBER et al (1991) KANNAN HO et al (2010)
MODARRESS (1990) &TAN (2002)
1. product quality Quality Quality level Quality
2. supplier relationship Delivery Service level ety
3. delivery performance Net price On-time delivery  Price/cost
4. price Geographical location Quick response Manufacturing
time capability
5. Production facilities & Flexibility Service
capacity

With the implementation of Building Information Melihg several other criteria such
information technology, GPS and RFID technologieschto be considered. These technologies help
facilitate the Just-In-Time delivery of materialeEtronic Data Interchange(EDI) can be used to memi
material vendors timing, exact quantities, types amy rescheduling of delivery to site if used for
communication with them (Akintoye, 1995). A comkina of Global Positioning System (GPS) and
Geographic Information System (GIS) can be usezfftoiently track locations of materials (Lu, Chen,
Shen, Lam & Liu, 2007). Jaselskis and El-Misala2i(3) showed that RFID can help save time in the
material receiving process and in recording infdromainto the material tracking system.

For this research the top 5 criteria consideredt mnggortant for JIT material delivery will be
further considered. These criteria which were deiteed from literature are Quality, Delivery, Netqar,
Geographical location/proximity and Technology.

Step 1: Establish the decision criteria

The criteria and their relative weights are estdidd preferably in a hierarchical order. This is
done using pairwise comparisons and assigning & @oiteria equal to or greater than the other tvisc
assigned 0 as shown in table 3 below.

Table 3: Selection Criteria and their relative vingg

Quality Delivery Price  Proximity Technology Weight Normalized

Value weight value

Quality 0 1 1 1 1 4 0.4
Delivery 0 0 1 1 1 3 0.3
Price 0 0 0 1 1 2 0.2
Proximity 0 0 0 0 0 0 0
Technology 0 0 0 1 0 1 0.1
10 1.0

Step 2: Quantify the risk associated with eacteddtand the expected value

The mean and standard deviation are calculatetthéomarginal distribution associated with each
criteria.

Step 3: Represent subjective criteria




This is done using a 10 point scale where 10 igasd the most desirable value and 0 the least
desirable value.

Step 4: Develop the decision maker’s utility funati

The utility function U(x) is developed for eachrddtite by using the value of 1.0 as equal to the
most desirable and U(x) as 0.0 for the least satiigin of the decision maker.

Step 5: Calculate the expected utility e (U)

For a single objective Equation [1] becomes:
E[U]=[U].[V].]W] (1)

Where [W] is the weight vector established in steflJ] and [V] are the utility and objective
matrices and are expressed as follows:

(W a0 () W2)0; () W)U () ...
W a0 (1) 20U, (2a) W3, (s4) ...

[U]=
WA () W2)05(0) (9005 ) .. )
in which
Lt
X dx
H M, Hy oo Hy
V] = ol o ol.. o’

kK, Kk, Ky ...k

m m m ... m,
mxn 3)

For a single objective Equation [1] becomes:

E[U]=U (1) + 05070 () @)

In cases where uncertainty does not need to bedsyed, Equation [1] can still be used but the
utility matrix will be a column matrix ( populatdry elements of the first column) and the objectivagrix
will be a row matrix(populated by elements of thietfrow ). The mean (u) for each attribute willimed
with its standard deviatiors) and higher order statistical moments equal to.zer

CONCLUSIONS

The research evaluated the impact of Building Imi@tion Modeling (BIM) on Just-In-Time (JIT)
material delivery and focused on how the use of Bidh help improve the implementation of JIT and



reduce the cost of material management. BIM hassétipe impact on the implementation of JIT delier
of material in construction. BIM helps to identifgnstructability issues, reduce field coordinatiwablem,
resolve potential clashes between sub-trades, aitédcongestions plan material deliveries, coatdin
material handling equipment and generate more ateumaterial quantities and delivery schedules.
Uninterrupted workflow and continuous improvemelatads to saving from improved productivity, less
holding costs of inventory, and elimination of weadue to product defect.

Recent advancements in spatial and remote senstfdlogies are expected improve supply
chain management and the integrated use GPS aridl teétnologies linked to BIM models will ensure
efficient implementation of JIT. And the use of Buechnologies by material suppliers should, tlorssf
be included in the selection criteria of these $iepp BIM implementation helps to reduce costs &nd
improve quality. Considering the impact of BIM ofT Jnore investigation is needed to quantify the
overall effects of implementing BIM in a JIT envinment. There is also a need to further investipate
the technological capabilities of material vendsuippliers affect the selection decision when BINdéing
implemented in a JIT environment. Material vendassppliers should be selected based on their
technological capabilities and with long term riglaships may be made to acquire new technology.
However, only large construction firms are liketyihfluence material vendors. This happened irréail
industry where Walmart mandated its top supplierscemply with its RFID/electronic product code
program (Kinsella, 2003). Small firms may lack theources to acquire new technology.
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