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Abstract. The primary technological barrier in effectively transferring information automatically and adopting Auto
ID/EDI technologies in construction is the lack of a construction common product coding system (CCPCS) for encoding
and transferring information. To facilitate the information transfer between different components of the construction proc-
ess and using new Auto ID technologies in construction application, the paper proposes a construction common product
coding system (CCPCS). It is a set of agreed-upon standards that will facilitate communication among parties in the con-
struction process especially using automated data collection processes and possibly technologies to transfer information in
electronic form. The CCPCS the paper proposed can be classified as internal or external, permanent or temporary, primary
or secondary etc. The research use barcode technology and EDI as the primary technologies to explore the impact of the
CCPCS in construction application. However, the concepts of CCPCS still are advantageous for the applications of other
Auto ID technologies individually or integration in construction.
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1. Introduction

While field supervisors may spend 30-50% of their time
recording and analyzing actual performance data, thus,
the lack of project management information and control
system often limits the effectiveness of the project man-
agement (Kiziltas, Akinci 2005). During past years, in-
dustry has witnessed a dramatic transformation in elec-
tronic data generation and management. The transition
from single mainframe computers to multitudes of mini-
computers and microcomputers has significantly altered
the manner and means by which owners and contractors
might manage construction-related data. Automatic data
processing systems have been in use for over 15 years in
manufacturing and retail industries. Today there is a nu-
mber of distinct Auto ID Technologies in use. The prin-
cipal Auto ID approaches are bar codes, optical character
recognition (OCR), radio frequency identification
(RFID), magnetic stripe, voice recognition, and electronic
data interchange (EDI). Although these technologies have
found wide usage in some industrial sectors, they have
not been adopted to any large extent in the construction
industry. Because of the variance between different in-
dustries, it is not obvious that new technologies can be
directly adopted in the construction industry without con-
siderable study and research. The benefits of using these
new technologies, such as bar code, RFID and EDI, have
already been recognized in other industries, but have only
found some limited specialized usage in the construction
industry. Song (2005), Song et al. (2006) proposed an
automated tracking of materials approach by which mate-
rials tagged with radio frequency identification (RFID)

tags, which prove the approach can improve project per-
formance and enable effortless derivation of project per-
formance indicators. Ghanem, AbdelRazig (2006) pro-
posed a model based on Radio Frequency Identification
(RFID) system which can keep track of the material used
on site, based on the estimated quantity will permit mak-
ing a better estimate of the amount of work done on a
construction site. Jaselskis, El-Misalami (2003) proposed
applying the radio frequency identification (RFID) tech-
nology in construction operations, which can enhance the
efficiency of information management for construction
industry owners and contractors. Lauth, Papanicolaou
(2008) developed a tracing technique for sand particles
focusing on using artificial coarse sand particles and a
Radio Frequency Identification (RFID) system. Brilakis,
Soibelman (2005) proposed an approach which can
automatically identify shapes, objects and materials from
the image content, through direct and indirect method-
ologies has enabled the development of several civil en-
gineering-related applications that assist in the design,
construction and maintenance of construction projects.
Referring to other industries implemented experiences,
there is no reason that construction industry could not
benefit from applying those technologies in construction
process like other industries have done. Kong et al.
(2004) have developed e-union framework for unifying
B2B e-trading in marketplace to solve the problem of
tedious efforts to search in different e-trading portals.
Hadikusumot et al. (2005) proposed a decentralized data-
base system equipped with electronic agents for material
procurement. Sacks et al. (2005) have thoroughly investi-
gated the feasibility of automatically tracking the location
of construction resource (labourers and equipment) and
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identifying and determining the status of the basic activ-
ity that the resource is engaged in. Hadikusumot et al.
(2005) proposed a decentralized database system
equipped with electronic agents for material procurement.

Automotive, health care, textile, defense, and other
industries have begun industry-wide implementation of
some principal technologies for automatic data capture.
These industries have found that the full benefits of Auto
ID technologies are only achievable through development
of common product coding system (CPCS) for informa-
tion transfer. CPCS provides a common means of com-
munication between customers and suppliers. Without
CPCS, the Auto ID technologies’ capabilities would be
limited. Besides, the Auto ID (e.g. bar coding), standard
numbering also is integral to an EDI concept. To be most
effective, EDI requires the sender and receiver of EDI
transactions to use the same standard product numbers.
Unique customer numbers for common materials in the
construction also make implementation of EDI difficult.
Benefits of EDI include accuracy, cycle time reduction,
and elimination of clerical costs involved in transcribing
documents and key entering product catalogue, purchase
orders, invoices, and other transactions into computer
systems.

For engineering contractors and facility owners,
who develop integrated materials management computer
systems, Auto ID technologies will provide an effective
enhancement that will improve data transmission time
and accuracy, and, perhaps, more important, drastically
reduce paper handling requirements. The construction
industry can benefit from studying the approaches used
by other industries in developing construction common
product coding system (CCPCS) for information transfer.

An approach for improving information flow or ac-
cess involves performing translations or format modifica-
tions on the data such as the data can be transferred to
different environments. These transfers typically occur
between contractor and material suppliers. However, the
information transfer raises many related questions pertai-
ning to establish a construction common product coding
system (CCPCS).

A typical construction project involves the transfer
of data between a wide scope of contracting entities such
as architect/engineer, owner, subcontractors and material
suppliers. It is more efficient to transfer data in an elect-
ronic format as opposed to a written format, especially,
when the data can be processed automatically upon re-
ceipt without human intervention.

During recent years, because of a growing unders-
tanding of the computer’s advantage for managing const-
ruction operations, there are more and more contractors
using microcomputers right at the jobsite. Combined with
Auto ID technologies’ capabilities, project data could be
transferred electronically among the different parties
(A/E, contractor, subcontractors, supplier) without being
remanufactured (rekeying, reformat, interpreting). Fur-
thermore, the data transferred among the trading parties
could be paperless without human intervention. It is im-
portant to realize that there can be significant benefits,
which can be derived from the use of a computer system
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with Auto ID technology implementation to perform
traditional materials management. In a construction
context, an integrated materials management computer
system is one that effectively links the design interface,
requisitioning, purchasing, expediting, receiving, pay-
ment and warehousing materials functions. Auto ID te-
chnologies can actually extend the capabilities of the
integrated materials management system by providing
external automation linkages between entities.

The CCPCS is a set of agreed-upon standards that
will facilitate communication among parties in the const-
ruction process especially using automated data collec-
tion processes and possibly technologies to transfer data
by using an electronic form. At the present time there is a
lack of comprehensive data standards in the construction
industry and such standards are not used substantially in
the overall construction industry. In recent years, some of
the larger construction companies have been willing to
use Auto ID technologies in the construction operation
but most of these activities are limited to internal applica-
tions. To facilitate the automated information transfer or
information collection which could be used for any const-
ruction operation and the encouragement of the use of
computerized data processing technology in the construc-
tion industry, it is necessary to develop the CCPCS care-
fully targeted.

For example, from a materials management stand-
point, purchasing and control of materials on a construc-
tion project is major undertaking. One of the components
of this problems dilemma is encountered when ordering
parts from different vendors. There are very few universal
part number standards available to order materials (Gib-
son 1990) in the construction industry.

Similarly, materials management transactions in this
area are also very difficult and usually require the use of
expert buying knowledge. There are literally millions of
different items which may need to be ordered for a const-
ruction job and there are many equivalent product items
that can be ordered. Most large engineering contractor
organizations support an internal material part number
database with as many as 20-30,000 different part nu-
mbers. Maintaining a cross-referencing database of part
numbers between contractor and supplier is difficult, but
must be undertaken by one of the two parties in order to
place orders. The results of this process are inefficiencies,
errors, and higher costs in purchasing.

At present, the industrial process pipe and fitting in-
dustry is working to establish standard product identifica-
tion numbers (SPINS) for items considered by the indust-
ry to be of a commodity nature. These efforts are being
conducted by the American Supply Association Industrial
Piping Distributors (IPD) SPIN Task Force and its In-
dustry Bar Code Alliance.

The need for established industry standard product
numbering schemes was first recognized in many indust-
ries when bar codes were being placed on their product
lines. For example, the electrical materials industry has
adopted a two-part, eleven digit numbers to identify a
product and its manufacturer. The first part is a six digit
manufacturer's identification number assigned by the
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Uniform Code Council (UCC) and the second part is a
five digit item or product number assigned by the manu-
facturer (National Electrical Manufacturers Association
1987). In the following chapters, the research will discuss
in more detail information transfer standard possibilities
for the construction industry,

In construction, MasterFormat (CSI 1995) is widely
used as an information classification system (ICS), but is
not applicable to construction product management. Kang
and Paulson (1997, 1998) suggested a construction in-
formation classification system (CICS) with five facets of
classification, including facility, space, element, opera-
tion, and resource. Rad (1999) showed three bases for the
work breakdown structure (WBS): deliverable oriented,
schedule oriented, and resource oriented. Hanlon and
Sanvido (1995) established a construction information
model to classify constructability information and facili-
tate improvement of processes and products. Chang, Tsai
(2003) establishes an engineering information classifica-
tion system (EICS) for engineering work to facilitate
information sharing throughout the planning, design,
construction, and maintenance phases of a construction
project. Until now there has been no ICS or coding sys-
tem for the purpose above, which perhaps is less tangible
and more difficult to categorize and standardize than
construction product.

The overall objective of this research is to propose a
construction common product coding system (CCPCS)
for improving the electronic data transfer in the construc-
tion industry. Of particular interest is the use of electronic
data collection technologies to accomplish this transfer
and to identify current barriers to the adoption of impro-
ved transfer of information which is external to particular
firms and which needs to be standardized. Ideally, the
improved methods of data transfer should eliminate the
need for re-keying data, reduce data entry errors, and
result in the smooth transfer of data from one company to
another company. Therefore, the following sections will
analyze the information type in CCPCS.

2. Information in External/Internal System

The UPC experience shows us that this kind of informa-
tion in external systems must be Industry-Standardized.
Based on the scenario above, the information needed to
be collected in a Material Management System (Table 1)
is examined. The “Application” indicates the information
in the column of “Information to be collected” which is
used for “external” or “internal”.

For example, Product ID number, Manufacturer ID
number, Vendor ID number, Serial number, etc. belong to
the group of “External”.

Information in an internal system is used for the
company’s operation itself. This information is of limited
use for the other companies who may not have an identi-
cal data structure in their management system. This ap-
plication of information is defined as “Internal”. Using
Table 1 as an example, Job number, Project number,
BOM number, Labor information, and etc. belong to the
group of “Internal”. The company can “do its own thing”
for this kind of application information.

Table 1. Information type analysis of s CCPCS

Class Data type Aptli)(iifa- Information to be collected
Date/Time Temporary  External Site need date
Temporary  External Vendor ship date
Temporary  External Vendor drawing approval date
Temporary ~ External PO award date
Temporary  External MRP to purchasing date
Temporary  External Bid due date
Temporary  External RFQ date
Temporary ~ External MRQ to purchasing date
Temporary  External Lead time
Quantity  Temporary  Internal Required quantity
Temporary  Internal  Requisitioned quantity
Temporary  External Purchased quantity
Temporary  External Received quantity
Temporary  Internal Inventory on hand quantity
Temporary  Internal ~ Shortage quantity
Size Temporary  External Length
(dimension)
Temporary  External Width
Temporary  External Height, Depth, Thickness
Temporary ~ External Diameter, Radius
Temporary  External Areas
Temporary  External Volume
Weight/ Temporary  External Material Unit Cost
Cost
Permanent External Material/Building Component ID
Permanent External Package Indicator
Permanent External Unit of Measure
Permanent External Rare Material/Building Compo-
nent/Accessory 1D
Permanent External Specification ID(Color, Material
test standard, size, etc.)
Object Permanent External ~Architect ID
Permanent External Contractor ID
Permanent External Manufacturer ID/Vendor ID
Permanent External Owner
Temporary  Internal labor
Period External ~Serial Number
Period External Serial Shipping Pack Number
Temporary  Internal  Project Number
Temporary  Internal  Job Number
Document Temporary  External Drawing Number
Temporary ~ External PO number
Temporary ~ External RFQ number
Temporary  External Quotation number
Temporary  Internal BOM number
Location  Permanent External ~ Ship(Deliver) to location code
Permanent External Bill(Invoice) to location code
Permanent External ~ Ship(Deliver) to Postal Code
within the single Postal Authority
Permanent External ~ Ship(Deliver) to Postal Code
within 3-digit ISO Country Code
Prefix
Temporary  Internal  Location, Warehouse, Shelf for
Inventory

There is no need to “Industry-Standardize” this type
of information except to the extent that some type of
standard would be beneficial in establishing uniform
accounting and in fostering the development of “off-the-
shelf” software which might be developed by software
vendors for internal operations. The development of a
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broad-scale market for such software could reduce
software costs and improve reliability in much the way
that mass markets for spread sheets or word processing
has done.

3. Information type and standard making

When the construction industry considers standardizing
the information in the construction process, it is necessary
to analyze the characteristics of the information types.
Based on this objective, the information involved in the
construction process could be categorized into three data
types: Temporary, Periodical, and Permanent. They
will be explained detailed in the following by using the
table as an example.

Temporary. This type of data need to be collected
in the construction process is variable based on the parti-
cular application situation. For example, in Table 1, the
information such as “Site need date” is for the product
required date in the working site, “Quantity of Recei-
ving” for the quantity of product receiving in the site,
Project number, and Drawing number, etc. all are the
groups of temporary data type. When the cooperation
relationship of the trading partners is over, this kind of
information will no longer be of use, when the situation
changes (e.g. project or specific job is done). Therefore,
this kind of information could be defined as “Tempora-
ry”. This information is needed for temporary operation.
Most of them are used for recording keeping among the
trading partners. For the use of EDI, bar code system, it is
necessary to define the data format and application indi-
cator.

Periodical. This type of data involved in the const-
ruction process needs to be kept for a period and may
exceed the time length of a job, but does not need to be
permanently archived. For example, the time period may
be one month, one year, or ten years, etc. depending on
the applied objects. The difference between the periodi-
cal and temporary is that this type of data will not chan-
ge for different situations, for example, different projects,
jobs, location, trading parties, In Table 1 Serial Shipping
Pack Code, which could be used in material management
of the construction process to help a receiving clerk get
more detailed information about the content of a particu-
lar single object or pack containing several objects during
shipping, in addition to the basic product information.
Every specific single item or pack of items in a shipment
from a supplier will be assigned a unique number for the
use of tracking. This type of information is only necessa-
ry to be maintained until those identified items are recei-
ved on the job and the shipping make-up information will
be no longer needed. Examples may be the shelf life of a
particular object, the date a prefabricated component is
due, or expiration date of a particular product item. Com-
pared with the first type of data, this type of data will
necessarily have to be maintained for a longer time.
However, this information will not be needed at some
cut-off point. Therefore, this kind of information could be
defined as “Periodical”. Like a previous type, it is neces-
sary to define the data format and application indicator.
For example, serial number is a typical example of this
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type of information. With the standardization of this type
of information, the supplier could attach a unique number
to identify or tracking a specific object which is ready to
ship the receiver. Also, the user could use this serial nu-
mber in their internal operation.

Permanent. Compared the previous type of data,
the third type of information must be maintained indefini-
tely. In Table 1, Standard Commodity ID number, Manu-
facturer ID number, Vendor ID number, Package Indica-
tor, and Ship (Deliver) to Postal Codes, etc, belongs to
this data type. For example, Standard Commodity ID
number is used to indicate the construction item instead
of using an arbitrary description. This number indicates a
kind of construction material or item whose specification,
size will not change from one firm to another firm. This
number remains constant. Manufacturer ID number is
used to identify the specific manufacturer instead of en-
coding a whole manufacturer’s name, especially in Auto
ID/EDI applications. Every manufacturer supplying ma-
terials to the construction industry should be assigned a
unique number in addition to assigning unique numbers
to all other permanent participants in the construction
process. Like the Standard Product ID number, this nu-
mber remains constant. Therefore, this kind of informa-
tion could be defined as “Permanent”. For the use of EDI
and bar code applications, standardization of this type of
information not only defines its data format and applica-
tion indicator but also assigns and maintains a unique
number by the construction industry group. For example,
Supplier ID number is one of the typical examples.

Standardizing the information to be collected in
construction will enhance the communication among the
trading parities (suppliers, owner, designer, contractor)
whether using Auto ID technologies are used or not.
However, as previously indicated it is probably not po-
ssible to standardize all information in construction, at
least in any near term. For example, some information to
be collected in construction management is for temporary
use, like “project name”. Then, what information could
be the primary target to be standardized?

When the target application is defined, the user may
need to know all information rather than just the product
identification itself in order to get the whole story. This
information could be classified into “primary informa-
tion” and “secondary information”. For example, in the
material control application, when a field office receives
the material, they not only identify the material itself as
the “primary information” but also have to know the
quantity, purchase order number, serial number, and so
on as the “secondary information”.

This secondary information requirement will be dif-
ferent in different applications. This information also
needs to be defined with respect to consideration such as
the fixed length of codes and the code structure, much
like developing Standard construction product ID Code
numbers.

If the code number is too long or variable, it is po-
ssible for users to ignore a digit or to get the wrong digit
which will result in an incorrect product being requested
and shipped. Especially, when a computerized application
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is involved, the long, varying length and significant nu-
mber requires more complex system design. A resulting
difficulty in this type of use of bar codes will require a
very large space to print the long bar code symbol and
could result in more scanning and errors. Therefore, stan-
dardized coding should preferably be fixed, and an
adequate length of numbers should be used, which will be
much easier to handle in computer systems.

After analyzing the information type of the CCPCS,
the paper examined the information elements in the pro-
cess of material receiving and verifying to develop a su-
ggested approach for industry-standardization.

4. The CCPCS’s structure

In materials and component management application, the
objective of the study is to build the CCPCS for construc-
tion material and engineering component identification
standard numbering system.

In order to develop such a system, firstly, there is a
need to identify the object identification (primary infor-
mation) in this particular application. In material and
components identification numbering system, the sugges-
ted primary information will be shown in the following
Table 2.

Table 2. The suggested primary information attribute

Primary identification ; dl?l?}ger (I;fe glg;i
Basic material identification P 12
Intermediate pack identification P 14
Organization identification number O 8

Basic material identification. As an initial propo-
sition, the material and component identification numbe-
ring system is proposed to use 12 digits to identify the
“basic material identification number”. A “basic material
identification number”, or commodity code, is the lowest
level of identification for a given material or component.
This “basic” identification will uniquely identify any item
related to construction. A basic material identification
number can be divided into three parts structured in
Fig. 1.

The first part consists of two digits, which are data
identifiers. Data identifiers are simple prefixes in codes
that indicate the contents of the code to follow. In bar
code applications, data identifiers are usually the first
piece of code in a bar code and they are used to tell what
the rest of the code is supposed to identify. For instance,
in the following example, “P” is the data identifiers
which indicate that the following code is a commodity
material identification number for the construction in-
dustry.

The second part consists of three digits, which is a
material group identification number. A material group
ID number may be the first part of the code and prefixes
other information in the codes that classify the items of
the code to follow. For example, “032” might indicate the
item which belongs to the field “Concrete Reinforcement
-Related” and “151” indicate the item belonging to the

field “Pipe fitting “Related” using the Masterformat cate-
gorization. This is primarily of value to humans
examining the code as a computer database can be ran-
domly queried.

The third part consists of seven digits which is ma-
terial identification number. A material ID number is
used building on the concept of common commodity
codes to differentiate the material or component item of
same group. For example, in material group ID number
“032” which represents “Concrete Reinforcement”,
“1070250” indicate “Reinforced Steel #8 ASTM A615
Grade 607, and “1070200” indicate “Reinforcing Steel #5
ASTM A615 Grade 60”.

BASIC
MATERIAL
IDENTIFICATION

‘ Ll\l:\len‘al Identification Number

Material Group Number

001- ...

032 - Concrere Reinforcement

033 - Cast-In-Place Concrete

Data Identifier of “P* identifies this as

Intermediate Pack Identification

Fig. 1. BASIC MATERIAL IDENTIFICATION coding
structure

The product ID number is extremely useful for the
communication among the trading parties of the construc-
tion process in the Auto ID/EDI based MMS. That means
it is for external use. Also, this standard product code will
be unique and constant (or at least for a long period).
Like SPIN for the piping and fitting industry, the const-
ruction material/component identification code needs to
be defined and maintained by an organization represen-
ting the construction industry in the same way that the
IBCA does. This number is used “permanent” in external
systems. It is necessary to industry-standardize.

Intermediate pack identification. When identical
material units are packaged into a standard quantities or
intermediate packs or shipping containers, the material
standard identification numbering system should speci-
fies that they should be assigned a new, 14 digit number.
For example, cases containing 12 pieces of reinforced
bars would be assigned a different 14 digit number than
cases containing 24 pieces of the same reinforced bars.
The example will be shown in Fig. 2. First, using two
digits in the front of intermediate packs, identification
number indicates data identifier. Second, adding two
additional digits which is “package level indicators” to
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the left of the basic material identification number creates
a new 14 digit code identifies intermediate packs and
shipping containers holding standard configurement of
material or component unit.

INTER MEDIATE
PACK
IDENTIFICATION

,_A
5]
w
I
wn
=)
-
)
]

Material Group Number

001- .

032 - Concrete Reinforcement

033 - Cast-In-Place Concrete

Packaging Level Identification

- Unit

- 10 Units

- 120 Units
- 5760 Units

B R =]

Data Identifier of “P” identifies this as

Intermediate Pack Identification

Fig. 2. INTERMEDIATE PACK IDENTIFICATION
coding structure

Organizational ID number. The organizations di-
rectly involved in the construction material procurement
could be basically grouped into architects/engineer, gene-
ral contractors, subcontractors, owner, supplier, and ma-
nufacturers. Based on the concept of industry-wide in-
formation transfer standard, each organization should be
assigned by a unique number for identification. This nu-
mber should be unique among the different firms, just
like a social security number is unique among persons.
Like standard product ID number as primary information,
the identification should be fixed with an adequate length
of numbers to encompass all organizations involved in
construction. Through a quantitative analysis, an
adequate number of digits could be determined. For
example, there are probably at least 2 million designers, 2
million contractors, 10 million vendors, 10 million manu-
facturers, and about 1 million companies who are interes-
ted in the standard assignment in construction(data above
could got from the each representation organization in the
construction standard committee). Therefore, there is
totally about 25 millions organization needed to be assig-
ned a unique number. An 8 digit number could provide
100 million capacity which is enough to encompass the
range of organizations involved in the construction in-
dustry. The example will be shown in Fig. 3. Like UPC
from the retail industry, the specific organization identifi-
cation code needs to be assigned and maintained by a
“standard” committee representing the construction in-
dustry in the same way that the Uniform Code Council
(UCC) represents the retail industry. Every organization
involved in the construction should be assigned a unique
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number by construction “standard” committee. Attaching
two digits of data identifiers in the front indicate the con-
tent of the following code. In the following example,
application identifier of “O” identifies the following code
as Organizational Identification Code. The following 8
digit unique number is assigned and maintained by the
“construction industry standard committee” to represent a
particular organization for the construction industry. In a
few cases an organization may already have an UPC
identifier or other identifier and these numbers could be
cross-referenced to the construction identifier.

ORGANIZATION
IDENTIFICATION
NUMBER

[

Data Identifier of “O" identifies this as

Organization Identification Number

Organization Identification

Fig. 3. ORGANIZATION IDENTIFICATION NUMBER
coding structure

Identify the application identification (secondary in-
formation) in the material receiving and verifying process
application. The secondary information requirement will
be different for different applications but must have a
mechanism for accessing such information within the
standardized fixed length universal code structures. The
problem is much like developing a Standard Product 1D
Code number. The standardization for the secondary
information could be defined as” Application Standard”.
In material and components identification numbering
system, the suggested application standard in this applica-
tion will be shown in Table 3.

Table 3. The suggested secondary information attribute

Secondary Information  |Data Identifier| Length of Digit
Serial Shipping Pack Code 1S 15
Purchase Order Number K 8
Quantity(Actual Weight) 2Q 5
Quantity(Actual Length) 1Q 5
Quantity(Pieces) Q 5
Carrier ID Number CI 5

Serial Shipping Pack Code. The serial shipping
pack code is a shipment-related code. It is primarily in-
tended for situations where multiple products are put into
single pack or containers for shipment (mixed merchandi-
se containers). The serial shipping pack code is the
equivalent of a license plate identifying each individual
pack (or shrink wrapped pallet). Like a license plate, each
pack must have a unique number. Uniqueness could be
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created by using the manufacturer number plus a
sequential unique number assigned by the manufacturer
and adding data identifier in the front. For example, the
serial shipping pack number “1S413242111003121” in
the following example, the first 2 digits “1S” indicates
data identifiers which represent “Serial Shipping Pack
Code”, the next 8 digits identify the specific manufacturer
(organization) and the rest of 7 digits are assigned by this
specific manufacturer itself for internal application. The
example will be shown in Fig. 4. This number is periodi-
cal for external use.

SERIAL
SHIPPING PACK
CODE

10 11 12 13 14 15 16 17
1 s 4 1 3 2 4 2 1 1 1 0 0 3 1 2 1

7 digit Shipping Pack

Serial Number

Material Manufacturer

Identification Number

Data Identifier of “15” identifies this as

Serial Shipping Pack Code

Fig. 4. SERIAL SHIPPING PACK CODE coding structure

Purchase Order (PO) number. This number helps
the MMS, the accounting department and supplier tracks
the requisition material from the PO document. Some
companies would like to automate their receiving func-
tion as much as possible, but either they or their suppliers
may not be ready to implement EDI. In this situation, one
of the alternatives is for suppliers to bar code customer
purchase order numbers on shipping labels. This enables
the receiving clerks to scan the bar code to retrieve a
record of the purchase order from the computer. Then, the
shipment contents can be matched to the original purcha-
se order to automate the receiving process. This number
is temporary for external use. The purchase order number
is assigned by the customer and added a data identifier in
the front. In the following example, the length of the
purchase order number is 8 digits, plus the data identifiers
(K) in the front. The example will be shown in Fig. 5.

PURCHASE
ORDER
NUMBER

L

Purchase Order Number

Data Identifier of “P* identifies this as

Intermediate Pack Identification

Fig. 5. PURCHASE ORDER NUMBER coding structure
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Quantity (actual weight). This number provides
this shipping information of quantity related to the actual
weight. This number is assigned by the supplier and ad-
ded a data identifier. In the following example, the length
of the number is 5 digits, plus the data identifier (2Q).
This number is temporary for external use. The example
will be shown in Fig. 6.

QUANTITY
(ACTUAL WEIGHT)
1 2 3 4
2 Q 1 2

W
e o
o~

[

Quantity (Actual Weight)

Data Identifier of “P* identifies this as

Intermediate Pack Identification

Fig. 6. QUANTITY (ACTUAL WEIGHT) coding
structure

Quantity (actual length). This number provides
this shipping information of quantity related to the actual
length. This number is assigned by the supplier and added
a data identifier. In the following example, the length of
the number is 5 digits, plus the data identifier (1Q). This
number is temporary for external use. The example will
be shown in Fig. 7.

QUANTITY
(ACTUAL LENGTH)

L

Data Identifier of “P” identifies this as

Quantity (Actual Length)

Intermediate Pack Identification

Fig. 7. QUANTITY (ACTUAL LENGTH) coding struc-
ture

Quantity (pieces). This number provides this ship-
ping information of quantity related to the actual pieces.
It is assigned by the supplier and added a data identifier.
In the following example, the length of the number is 5
digits, plus the data identifier (Q). This number is tempo-
rary for external use. The example will be shown in
Fig. 8.
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QUANTITY
(PIECES)

[

Data Identifier of “Q" identifies this as

Quantity(Pieces)

Quantity (Pieces)

Fig. 8. QUANTITY (PIECES) coding structure

Carrier Identification. This number provides the
information that is responsible for transporting this ship-
ping. This number is assigned by supplier or Transporta-
tion company and added by a data identifier. In the
following example, the length of the number is 5 digit,
plus 2 digit data identifier (CI). This number is temporary
for external use. The example will be shown in Fig. 9.

CARRIER
IDENTIFICATION

L

Data Identifier of “P" identifies this as

CARRIER IDENTIFICATION NUMBER

Intermediate Pack Identification

Fig. 9. CARRIER IDENTIFICATION coding structure

5. The suggested CCPCS development procedure for
construction application

Some industries traditionally use customer assigned part
number. For example, automobile manufacturers typi-
cally engineer components and require suppliers to use
the buyer’s part numbers. The same has been true for
Department of Defense suppliers, who are required to use
the National Stock Number. However, for common mate-
rials sold to many different customers, this practice re-
sults in higher costs due to unique labeling for each cus-
tomer and complex systems to maintain cross-references
to each customer’s numbers. These costs must be passed
on to the customer. As the result of growing recognition
of the costs and complexity, the construction industries
should consider acceptance of Industry-wide Standard
Product ID code number for the common suppliers.
Therefore, the Industry Standard Coding scheme should
be standardized to maximize the benefits of bar coding.
Auto ID/EDI has been implemented successfully in
industries rather than in the construction industry. The

N.-H. Pan. The construction common product coding system

construction industry could also benefits from Auto
ID/EDI by referring to the successfully implementation
experience from other industries. Although there are a
few firms in the construction industry which have imple-
mented Auto ID/EDI in localized level, the construction
industry still lags behind the automotive, retail grocery,
and other industries in the widespread use of Auto
ID/EDI technology. One of the major barriers is lack of
the CCPCS. Based on the Auto ID/EDI based computeri-
zed MMS, described above, the role of the CCPCS in the
construction application can be identified. The areas in
materials management which could benefit from the
CCPCS include:

— Information Transfer;

— Material Receiving;

— Inventory Control;

— Material Tracking;

— Project Control;

— Finance Control;

— Auto ID/EDI support.

The need for the concept of the CCPCS in various
segments of construction industry disciplines has been
recognized. A number of industry associations are working
to develop common commodity codes. SPIN for the pi-
ping, fitting, and valve industry developed by IBCA could
be a good example. In the construction industry, directly
using the classification system of MASTERFORMAT to
identify construction material products would not be
adequate. The approach of using MATERFORMAT by
CSI to provide a systematic method to categorize the
groups of construction materials and building components
in the construction industry could be a starting point.

To facilitate Auto ID/EDI implementation in the
construction industry, there is undoubtedly a necessity to
develop a CCPCS. To formulate a construction industry
standard, a project group which represents the construc-
tion industry needs to be established. The major objective
of this project group is not only formulating a industry-
wide standard but also facilitating Auto ID/EDI technolo-
gies in the construction industry. Therefore, the members
of the project group should come from different fields
which could provide the related technology and informa-
tion in the construction industry standard making and
Auto ID/EDI technologies. For example, AIM could pro-
vide the Auto ID/EDI technology support and standard
(e.g. bar code standard). ASTM could provide the speci-
fication standard for construction material which could
help identify what information needed to be specified in
the material identification. AGC which represent the
contractors in the construction industry could help identi-
fy what external information needed to be collected and
standardized in the construction process.

The next step is to study the approach of standard
development from the other industries instead of “rein-
vent the wheel”. For example, the UPC system developed
by UCC which represents the grocery industry identifies
the common product with national “manufacturer-
specific” standard number. SPIN developed by IBCA
provide a concept of common commodity code identify-
ing the common product with the standard number.
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An application in the field of the material manage-
ment could be a trial project. Materials are introduced in
the early stages of the construction cycle, are highly vi-
sible to many users, and are common to the fabrication,
distributor, shipper, and user. Because the acquisition and
installation of construction materials involves suppliers,
contractors, and owners, a target application in materials
management allows existing “intra-company” standards
to be integrated in the development of industry-wide
“inter-company” standards.

Then, it is necessary to analyze the information ty-
pe. The information for “External” application also with
“Permanent” data type should be the first priority to
industry standardizes, for example, material/component
identification, organization (manufacturer, supplier, de-
signer/engineer, and contractor) identification.

The research use barcode technology and EDI as the
primary technologies to explore the impact of the CCPCS
in the construction process. However, the concepts of
industry standard still are advantageous for the applica-
tions of other Auto ID technologies individually or integ-
ration in construction.

The highly fragmented nature of the construction
industry makes it extremely difficult to achieve uniform
action. This exaggerated because there was no single
focus in the federal government for construction. One
result has been a tendency to micro-optimize problems or
to develop progress in a particular sector for which there
is a champion group or agency. In view of the fact that as
much as 25% of construction may involve public funds. It
would seem that government could play an important role
in improving efficiency through information definition
and transfer.

6. Conclusion

1. The primary technological barrier in effectively
adopting Auto ID/EDI technologies in construction is the
lack of the CCPCS for encoding and transferring infor-
mation.

2. The complex nature of construction and the vast
number of items which go into construction creates seve-
re difficulties in developing an all-encompassing infor-
mation identification system.

3. It is concluded that the use of a data identifier
along with permanent identification numbers for all parti-
cipate would provide the most effective solution.

4. Information for construction work can be classi-
fied as internal or external, permanent or temporary, pri-
mary or secondary etc. It is only mandatory that external
information could be industry standardized although stan-
dardization of other information could encourage the
development of a supporting software industry which
could increase accuracy and reduce costs.
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BENDROJO STATYBOS PRODUKTO KODAVIMO SISTEMA
N.-H. Pan
Santrauka

Viena i$§ pirmujy klit¢iy perkeliant informacija ir taikant Auto ID/EDI technologijas statyboje yra bendrojo statybos pro-
dukto kodavimo sistemos (CCPCS) trikumas. Ja galima uzkoduoti ir perkelti informacija. Norint palengvinti skirtingy
statybos proceso elementy informacijos perdavimg ir pritaikyti statybai naujas Auto ID technologijas, straipsnyje buvo
pasitilyta bendrojo statybos produkto kodavimo sistema (CCPCS). CCPCS yra rinkinys nustatyty standarty, kurie paleng-
vins statybos proceso dalyviy bendravima, ypa¢ naudojant automatinius duomeny rinkimo procesus ir technologijas, ku-
rios paversty informacija elektronine forma. Sitloma CCPCS gali buti skirstoma | iSoring, viding, laikinajg ir pastoviaja,
pirming, antring ir t. t. Tyrime naudojama brtksninio kodo technologija ir EDI, kaip pirminés technologijos, kuriomis
nustatomas CCPCS taikymo statyboje poveikis. CCPCS koncepcija vis dar yra naudinga taikant Auto ID technologijas
tiek individualiai, tiek integruojant i statyba.

Reik$miniai ZodZiai: bendrojo produkto kodas, statybos pramon¢, Auto ID.
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