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Foreword

ISO (International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 1SO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 1SO
collaborates closely with the International Electrotechnical Commission (IEC) on al matters of
electrotechnical standardization.

International Standards are drafted in accordance with therules givenin the ISO/IEC Directives, Part 3.

Draft International Standards adopted by technical committees are circulated to the member bodies for
voting. Publication asan International Standard requires approval by at least 75% of the member bodies
casting avote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the
subject of patent rights. 1SO shall not be held responsible for identifying any or all such patent rights.

International Standard 1S© 10303227 was preparechbyyTechnical Committee |SO/TC 184, Industrial
automation systems and integration, Subcommittee SC4, Industrial data.

ThisInternational Standard is organized as a series of parts, each published separately. The structure of
thisinternational standard isdescribed in [SO 10303-1./Thelnumbering of the parts of this International
Standard reflects its structure:

— Parts 11 to 14 specify the description methods;

— Parts 21 to 29 specify the implementation methods;

— Parts 31 to 35 specify the conformance testing methodol ogy and framework;
— Parts 41 to 50 specify the integrated generic resources;

— Parts 101 to 107 specify the integrated application resources;

— Parts 201 to 237 specify the application protocols;

— Parts 301 to 337 specify the abstract test suites;

— Parts 501 to 520 specify the application interpreted constructs.

A complete list of parts of 1ISO 10303 is available from the Internet:

http://www.nist.gov/sc4/editing/step/titles/

Should further parts of 1SO 10303 be published, they will follow the same humbering pattern.

Annexes A, B, C, D, and E form a normative part of this part of 1ISO 10303. AnnexesF, G, H, J, K, L,
M, and N are for information only.
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I ntroduction

ISO 10303 is an International Standard for the computer-interpretabl e representation and exchange of
product data. The objectiveisto provideaneutral mechanism capable of describing productsthroughout
their life cycle. This mechanism is suitable not only for neutral file exchange, but also as a basis for
implementing and sharing product databases, and as a basis for archiving.

Thispart of ISO 10303 isamember of the application protocol series. Thispart of ISO 10303 specifies
an application protocol (AP) for the exchange of the spatial configuration information of process plants.
Thisinformationincludesthe shapeand spatial arrangement characteristicsof piping system components
aswell asthe shape and spatial arrangement characteristicsof other related plant systems (i.e., electrical,
instrumentation and controls, heating, ventilation and air-conditioning, and structural systems) that
impact the design and layout of piping systems. In the design and fabrication of a piping system, the
piping layout must be evaluated with respect to the spatial characteristics and arrangement of these
related plant systems, and the requirementsfor clearances between systems. The complete specification
of these other systemsis not needed, but enough spatial information is needed to support the layout of
the piping system. Users of this standard should understand the basic principles and concepts of pant
and piping system design.

This AP specifies additional requirementsifor-the exehangeof informationyequired for the design and
installation of a piping system. Thisincludes information on the piping material, process stream fluid,
and the piping system functional ‘characteristics.| A, process:zand system design specifies process
requirements for a piping system that includes pipe size, design temperatures and pressures, and
insulation class. The physical design usesthese/processrequirementsfor the design of the piping system.

This AP aso identifies and provides a functional specification of the components of the plant piping
system. The design information for a piping system may specify a pump capable of maintaining a
pressureand flow rate. Thedesignwill also specify the shapelimitationsor requirementsand thelocation
of the pump in the system, but not sufficient information for the fabrication of the pump.

The principle focus of the AP is on piping systems and the shape and spatial arrangement of systems
including plant itemsrequired to ensurethe physical integrity of piping systems. Figure 1 containsadata
planning model that provides a high level description of the requirements for this application protocal,
aswell asthe relationships between the basic data components. The data planning model illustrates that
aplant consists of plant items and that plant items may be connected to one another using connectors on
the plant item. The data planning model aso illustrates significant concepts found on piping and
instrumentation diagrams (P& IDs): the functional view of the piping system (piping system functional
characterization) and one kind of plant item: piping components. The shape and spatial arrangement of
plant items are represented by the item shape. The shape representation may use constructive solid
geometry (CSG), solid boundary representation (B-rep) geometry, wireframe geometry, or combinations
of these. The plant item shape may berepresented at variouslevelsof abstraction, from an encompassing
envel opeto adetail ed design description. The data planning model further illustratesthat the concept of
changeisarequirement for thisapplication protocol. Changeisapplicableto each individual plantitem,
the rel ationshi ps between plant items, and to groupings of plant items. It appliesto all the concepts noted
on the data planning model.

X © 1SO 2001 — All rights reserved
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PLANT

PIPING SYSTEM
FUNCTIONAL
CHARACTERIZATION

| |

| PIPING COMPONENT

ITEM SHAPE

| |

WIREFRAME CSG AND BREP
GEOMETRY GEOMETRY

CONNECTOR

CONNECTION

Figure'l- Dataplanning'model

NOTE This part of 1SO'10303 may be used:in ¢onjunction with 1SO'13584 [13] to identify catalogue
items and classifications.

This application protocol defines the context, scope, and information requirements for the exchange of
design and layout information for a plant piping system between different agents over the life cycle of
a plant and specifies the integrated resources necessary to satisfy these requirements. The reasons for
exchanging this information include:

— exchange of requirements from a plant owner to an engineering firm;

— exchange of piping and equipment designs from a design engineer to a plant system engineer;

— exchangeof piping and equi pment designsfrom adesign engineer to apiping or equipment fabricator;

— exchange of changes to piping and equipment designs from a design engineer to a plant system
engineer or afabricator;

— exchange of piping fabrication and installation information between engineering and construction
firms;

— integration of designs created by different engineers;

© 1SO 2001 — All rights reserved Xi
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— detection of physical interferencesof plant piping system componentswith componentsof other plant
systems,

— exchange of construction specifications between engineering and construction firms;

— exchange of as-built plant and system configurations among plant owners, engineering firms and
construction firms.

Application protocols provide the basis for devel oping implementations of 1SO 10303 and abstract test
suites for the conformance testing of AP implementations.

Clause 1 definesthe scope of the application protocol and summarizesthe functionality and datacovered
by the AP. Clause 3liststhe words defined in this part of 1SO 10303 and gives pointersto words defined
elsewhere. An application activity model that is the basis for the definition of the scopeis provided in
annex F. The information requirements of the application are specified in clause 4 using terminology
appropriate to the application. A graphical representation of the information requirements, referred to
as the application reference model, is given in annex G. A tiled "wallpaper" version of the application
reference model (ARM) isgivenin annex M.

Resource constructs areinterpretedto meet the information requirements; This interpretation produces
the application interpreted model (AIM). This interpretation, given in 5.1, shows the correspondence
between the information requirements and the AIM | Thé short listing of the AIM specifiesthe interface
to the integrated resources and is given in 5.2. Note that the definitions and EXPRESS provided in the
integrated resourcesfor constructs used inithie AIM-“may include select list items and subtypeswhich are
not imported into the ATM: The'expanded fi sting given in'anfiex A contains the compl ete EX PRESS for
the AIM without annotation. A graphical representation of the AIM is given in annex H. Additional
requirements for specific implementation methods are given in annex C.

Xii © 1SO 2001 — All rights reserved
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Industrial automation systems and integration — Product
data representation and exchange —

Part 227:
Application protocol: Plant spatial configuration

1 Scope

This part of 1SO 10303 specifies the use of the integrated resources necessary for the scope and
information requirements for the exchange of spatial configuration information of process plants. The
spatial configuration information focuses on the shape and spatial arrangement of the components of the
plant piping systems. Components of the plant piping system include pipes, fittings, pipe supports,
valves, in-lineequipment, andin-lineinstruments. However, shapeand spatial configurationinformation
for equipment and non-piping plant systems are also included in this part of 1ISO 10303. The spatial
configuration information principally supports the plant engineering design life-cycle phases, but may
beuseful inthe downstream life-cycle phases of construction and maintenance. Thispart accommodates
the disciplines of plant design and piping design.

NOTE1 The application activity model in annex F provides a graphical representation of the
processes and information (flowssthat/are\the basis for the definition of /the scope of this part of
SO 10303.

NOTE 2 Figure 2 illustrates the basic life-cycle stages of a process plant. Plant design life-cycle
phases are enclosed in abox labeled AP 227 - Plant Design (solid line). Downstream life-cycle phases
for which AP 227 may be useful are enclosediiniabox: labeled AR 227 (dashed line).

Management Activities

Produce and Maintain Control Obtain Agreement with - _ :3“' atory

Financial Case Project Regulatory Bodies o Ies
Produce Conceptual ProduceDetailed Commission Operate Decommission

. - |- —>
ProcessDesign ProcessDesign Plant =1 Plant Plant
A
\ Y AP 227 : Y
Produce Conceptual > ProduceDetailed Construct Plant Maintain Plant | Demolish Plant
EngineeringDesign ) . . N ) - .
EngineeringDesign Pre-commission and Equipment | and Restore Site

(Front End) i .

AP 227 - Plant Design

Suppliersand A \i
Fabricators » | Procure and Control Equipment, Material and Services |

Figure 2 - Process plant life cycle activity coverage
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NOTE 3 Design of piping systems includes the determination of the requirements of piping
components, such as block valves, bypass valves, vents and drains, in-line instrumentation, and
instrument taps, and their topological sequences. These piping component requirements and sequences
are the starting point of the activities covered by this part of 1SO 10303.

The following are within the scope of this part of 1SO 10303:

— the shape and spatial arrangement of plant items in plant systems within the process plant;

— explicit representation of the 3D shape of plant piping systems;

— explicit representation of the 3D external shape of plant piping system components and equipment.
The representation may include envelope, outline and detail ed representations as well as a parametric

representation of the external shape.

— the functional configuration of the plant piping system and the relationship of the functional
configuration to the planned physical piping system design;

AP 221 Data Sheet
P&ID
Schematic
Standard Classes
Audit Trail
AP 231 :
ards et : AP 227
1 Plant,System
!+ Assembly
. ! Stream
Process | Equipment
Unit Operation ! Plant Item Catalogue
Control Scheme | Connection
Process Material | 1 Specification
Chemical Reaction + 1 Construction Material
Process Simulation |1 Approval Status
PFD . ' Change
X . Shape
! gczgatlon Reserved Volume

| Interference Result
Piping System

Figure 3 - Process plant AP coverage and over laps

NOTE4  Thefunctiona configuration overlapsthe regquirements specifiedin ISO 10303-221. Figure
3illustrates areas of overlap between this part of 1SO 10303 and 1SO 10303-221 and 1SO 10303-231.
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NOTE5  Thefunctional configuration entails connectivity, sequencing, pipe size, pipe schedule, and
flange class, and may include other information, such as equipment tag numbers and requirements to
perform consistency checks between the functional and physical representations of the design.

— basic engineering data as needed for spatial layout and configuration of the plant piping system;

— referencesto functional requirements of the plant piping system, such as stream data and operational
characterigtics;

— references to or designation of functional characteristics of piping components and connected
equipment as required for piping design;

— the identification, shape, location, and orientation of reserved areas, volumes, and space-occupying
elements of a plant;

NOTE Theconnectivity and enumeration of non-pipingsystems(e.g., HVAC, electrical and structural),
while provided for by the structure of this part of 1SO 10303, is not the primary focus of this part.

— references to specifications, standards, guidelines, or regulations for the plant piping systems,
components, or connected equipment,that ymay specify yphysical; characteristics of the system or
component;

EXAMPLE 1 Physical characteristics include material and welding requirements.

EXAMPLE 2 Reférencesto standardsinciide1S0 10303:221 3] and 1SO 13584 [13].

— the identification of catalogue information associated with a piping component;

— the identification of catalogues that contain piping component definitions;

— status of piping components and connected equipment and of their spatial arrangement;

NOTE Statuslabelsareused by project management to monitor and control the execution of the project.
Labels such as"preliminary”, "in-work", and "released for design" are used to designate the degree of
completeness or suitability for further action of the design or layout that the label is applied to.

— connections and connection requirements for piping components and equipment;

— definition of piping componentsin sufficient detail to support the acquisition of the components;

— change request approval, naotification, and verification, tracking of differences between versions of
piping system information, and tracking of changes to plant items and attributes of plant items;

NOTE Only the specific changeinformation described in thispart of SO 10303 isin scope. Thechange
process itself is not in scope.
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