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1 METHODOLOGY 
The creation of standardized Infrastructure asset & project data throughout the lifecycle of a facility is 

a key factor for the effective and efficient planning, design, construction, operation & maintenance. A 

comprehensive neutral data exchange model capable of representing both the semantic and 

geometric aspects of a given project or asset and even a portfolio of projects or assets is a requirement 

for the open data exchange and effective utilization in the context of developing, operating & 

maintaining maritime infrastructure. This section describes the IPW project aims, methods used to 

reach the information detailed within this report and how this report will influence and inform the 

next stages of the project. 

 

1.1 PROJECT AIM 

Currently within the realm of transportation infrastructure 

BuildingSMART has primarily been engaged in the domains 

of land (Road and Rail) and air transportation. These 

engagements have developed into the IFC for Road project 

overseen by the infrastructure Room and the creation of the 

Rail Room and Airport Room within the BuildingSMART 

structure. These domains address 2 of the 3 major modes of 

transport for people, goods and services utilized in today’s 

economy. 

This project aims to draw on expert knowledge from the 

BuildingSMART international community and leading 

organizations in maritime Engineering and operation to 

develop a framework for open data standardization for 

ports & waterways. This framework will include domain specific IFC schema extension, Model View 

Definition (MVD) development, software & model demonstration, documentation for the extensions 

and MVDs plus guidelines on use of the information. 

 

1.2 METHODOLOGY 

The purpose of requirements analysis encompasses the tasks that go into determining the needs or 

conditions for a product or project. In this case, that product/project is the extension and use of IFC 

for the domain of ports & waterways engineering. The methodology for the IPW project’s 

requirements analysis utilizes standard methodologies within the BuildingSMART eco- system namely, 

the Information Delivery Manual (IDM) development process. Within the IPW project plan the major 

tasks identified were as follows: 

  

Transportation Triangle 

Modes of Transport 

Land
(Road & Rail)

AirWater

Figure 1 Transportation Triangle 
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T2.1 Identify and Obtain appropriated example project and facilities data 

T2.2 Development of dictionary and classification semantics 

T2.3 Identify use-cases & develop process maps & exchange requirements 

T2.4 Review of existing representations 

T2.5 Compilation and drafting of Requirements Analysis Report 

Figure 2 depicts the overall process employed on the IPW project requirements analysis. The initial 

starting point revolved around the review of existing standards & work within BuildingSMART and the 

wider industry. Major standards and reports reviewed for the requirements include: 

• BuildingSMART Overall Architecture Report 

• BuildingSMART IFC Bridge Project 

o Requirements Analysis Report  

o Ongoing Work Outputs 

• BuildingSMART Common Schema ongoing work 

• EU Inspire Standards (Hydrography, Water Transport Networks, etc.) 

• Uniclass 2015 (April 2018 Update) 

• GML Representations (InfraGML, LandXML/GML etc.) 

 

T2.3 Use cases, process maps & ERs

T2.2 Dictionary
& Classification

T2.4 
Review of existing 
standards & work

Identification of 
use cases

Development of 
process map(s)

Development of 
exchange 

requirements

Review of existing 
classificaitons

Development of 
common taxonomy

Identification of 
properties

 

Figure 2 Requirements analysis methodology flow chart 

 

The identification and selection of use cases was carried out by first, sourcing the use cases defined by 

the overall architecture project and the IFC Bridge project. These use cases were then reconciled 

against each other and documented. Next, project domain experts were asked to identify, and 

document other use cases encountered within the maritime engineering domain until an initial list was 
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developed. Next, a desk review of all use cases was conducted by the project team using a use case 

proforma and through a subsequent workshop session each use case was discussed and in/out scope 

decisions made. The scope decisions of the use cases were based on the following set of criteria: 

• Complexity Rating - the effort required in defining the necessary data structures in IFC 

• Priority Rating - the use cases importance considering its frequency of use and value adding 

effect on projects. 

• Existing Functionality 

To further validate the resulting use cases, a survey was conducted to confirm the prioritization of the 

use cases and capture any additional cases that may have been missed.  

To develop a typical Ports and waterways project process map the project domain experts were asked 

to provide/generate their own perspective on the maritime project process. From these 

organisational/national based perspectives a generic ports and waterways project process was 

authored and iteratively reviewed by the project team until a final draft was agreed.  

From the identified use cases and process map the in-scope exchange requirements were listed and 

linked to the relevant use cases. These exchange scenarios were then grouped into a provisional set of 

Model View Definitions (MVD), these MVDs were developed by evaluating the functional requirement 

of each use case (and associated Exchanges) and then grouped them in to homogenous sets to create 

a manageable list of MVDs. Details of these MVDs are described in section 5. 

Parallel to the IDM based development, a generic ports & waterways taxonomy was created employing 

a similar approach to the process map development. The generic taxonomy was formed from a 

reconciliation of organizational/national perspective taxonomies produced by the project team 

domain experts. This was further refined through discussion and collaborative review. 

To review and develop the geometry and placement requirements for ports & waterways a review of 

the three primary geometrical representations was conducted and the domain needs in general and 

in relation to the identified were discussed and conclusions reached. The same process was applied to 

the 2 primary placement methods required by that geometry. In addition, the possible geometry 

contexts were identified and discussed primarily in relation to their use in the kinematic structures & 

vehicles use case and coordination and collision detection case. The geometry requirements 

developed were utilised to inform decisions around model view definitions mentioned earlier. 

 

1.3 NEXT STEPS 

The Next steps of the project will focus on taking the outputs from this requirements analysis report, 

namely the identified use cases, taxonomy, exchange requirements and model view definitions. Figure 

3 depicts the flow of the future work through the next 3 major work packages, work package 2 

encompasses the primary technical development using a 3-stage process. Firstly, developing a 

conceptual schema model from the original taxonomy. Next, the full EXPRESS extension will be 

developed from the conceptual model. Lastly, the defined model view definitions will be generated 
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using the new extension as the base. Once an initial extension has been developed, work package 5 

will start concurrently to develop a software viewer capable of handling the new functionality of the 

IFC ports & waterways extension and accompanying example datasets and models. Additionally, WP5 

will develop a deployment plan in cooperation with domain partners and software vendors to 

implement the defined model view definitions in existing software. On the completion of the IFC 

schema development work package 4 will begin to concurrently develop the detailed documentation 

that will accompany the IFC extension, and a set of modelling guidelines to provide advice and best 

practice in relation to ports & waterways domain modelling. In addition, the developed extension and 

the outputs from the requirements analysis will be used to develop accompanying IDM Documentation. 

The primary development of the schema in WP3 is defined by the in/out scope for facility/complex 

types, project stages, asset management requirements detailed in section 2 and use cases detailed in 

section 3. The scope defines 3 primary purposes (types) of complexes; Port & Harbour Complexes, 

Manufacturing Complexes (shipyards & processing facilities), Navigational Complexes (navigational 

channels, locking complexes, etc.), and a selection of unique maritime facilities within those 

complexes/networks, such as breakwaters, ship-lifts, quays & Jetties, drydocks & slipways. 

 

Figure 3 Next steps flow chart 

The scope also highlights 19 use cases as in scope (full list in section 3), 9 of these are drawn from the 

overall architecture & IFC bridge projects. In addition, 6 use cases are considered existing functionality 

within the current IFC schema only requiring domain validation. Lastly 2 use cases are marked currently 

as generic and are being developed collaboratively through the common schema project. 

WP3 IFC Schema
Extension & Modelling

WP5 
Demonstration
& Deployment

WP2 Outputs

WP4 
Documentation

& Guidelines

Use Cases

Taxonomy

Exchange
Requirements

MVD Outlines

T3.1
Conceptual Schema 

Development

T3.2
Characteristics and 

Property Sets 
Development

T3.3
IFC Extension 
Development

T3.4
Ports & Waterways 

MVD(s) 
Development

T5.1 IFC Viewer 
Development

T5.2
Example Datasets

T5.3 Deployment 
Plan Development

T4.1
IFC Documentation 

Development

T4.2
Modelling 
Guidelines 

Development

T4.4 IDM 
Documentation
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1.4  REPORT STRUCTURE 

This document reports the outcomes and findings of the requirements analysis conducted by the IPW 

project team. Section 1 details the methodology used within the analysis process to define use cases 

and functional requirements of the schema extension. Section 2 is the scope statement for the project 

providing the boundaries of research and development based on the available resources. In addition, 

it summarises the process Map(s) developed for the ports & waterways domain and the highlighted 

exchange scenarios within that process. Section 3 addresses the defined use cases within the domain 

listing and detailing their major characteristics in addition to specifying the in/out scope status. Section 

4 addresses the geometry requirement of the use cases and domain functionality required in the 

extension. Section 5 discusses the provisional set of model view definitions that will be developed 

within the project. Lastly, Section 6 provides concluding remarks on the Requirements defined within 

this report.  
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2 SCOPE STATEMENT 
This section details the scope of the proposed extension work that will be conducted over the next 

stages of the project. The scope considers the asset management requirements, information 

structures requirements and spatial requirements of ports & waterways complexes. In addition, it 

details the scope decisions on maritime complex types, facility types, expected new products and 

physical entities. Lastly it details the generic process and highlighted exchange scenarios. 

 

2.1 ASSET MANAGEMENT REQUIREMENTS 

The ports and waterways project aim to support a fuller spectrum of asset management than 

previously documented in the BuildingSMART FM Handover MVD by addressing non-product assets, 

such as the complex, the discrete facilities within the complex and the functional systems. 

1. Asset Prioritisation: These non-product assets will be assigned properties that document their 

significance to the commercial and operational effectiveness. The prioritisation of assets may 

be provided by the client or by the design and engineering team, based on its overall criticality 

and its vulnerability to degradation. 

2. Monitoring policy: The prioritisation may affect the choice of monitoring policy. These may 

include using IoT (internet of things), day usage, hour’s usage, inspection or reactive reporting.  

3. Capacity and Performance: Such monitoring may measure or assess the capacity and 

performance of the non-product assets. In particular, the systems specific to ports and 

waterways will be reviewed to identify the characteristic capacity or performance measure. 

Properties should document the briefed or specified capacity and performance, anticipating 

that actual or supplied capacity and performance will become known during construction and 

use. Operational policy decisions may then set the trigger levels for replacement, maintenance 

or inspection. 

4. Other impacts: To support the development of comparisons and benchmarks for non-product 

assets, served/serving measurers and other social, economic and environmental impacts will 

be documented. 

5. Process modelling: To support the assessment of the overall capacity of port and waterway 

complexes, systems of vehicles and transport will be related to zones in served/serving 

relationships. Basic capacity and time parameters for systems and zones will be documented, 

so that third party applications will be able to perform either mathematical or probabilistic 

analysis. The same information may be used to populate ‘Terminal Operating Systems’. 
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2.2 INFORMATION STRUCTURES REQUIREMENTS 

The structure of information is vital to the meaning of the developed data and allows the efficient 

transfer and understanding between parties. It is understood that there are several ways to structure 

information within the current IFC schema and the wider requirements of the ports & waterways 

domain. These structures exist concurrently and serve different purposes within the dataset. 

Within the ports & waterways domain (and often in other domains) we have highlighted 3 primary 

structures depicted within Figure 4. 

• Spatial for the breakdown of locations forming the functional areas and placement hierarchy 

• Physical forming the hierarchy of physically built components and functional facilities and 

networks. 

• Process forming the expression of construction, operational or environmental processes 

within a wider strategy. 

 

Figure 4 Primary breakdown structures for ports & waterways - © AEC3 UK 2018 
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Current functionality allows for the representation of the lower 3 layers of our structure requirement, 

allowing the representation of a site, facility (aka a building) and project. The requirements for ports 

& waterways need this to be extended to include further top-level strategic entities to represent 

spatial, physical & process aggregation of sites, facilities, & projects, for wider operational and portfolio 

management tasks. For example, the aggregation of sites into uniform catchment allows the 

management of multiple discrete sites within a wider system, such as that used by the Environment 

Agency in the United Kingdom, to manage river catchments with multiple flood protection and water 

management sites within. This could be achieved using existing mechanisms within the IFC but lack the 

correct semantic definition and associated attributes. In addition, there is a requirement to represent 

an entire port/waterway complex as a singular coherent entity for both asset management and design, 

hence the definition of a complex as a group of built/managed facilities is required (further description 

and an example can be found in section 2.3). 

Though the currently held view of the IFC dataset, is that a single instance of IfcProject provides context 

of data for an exchange. Such exchanges are typically limited in size and duration. Therefore, it is not 

expected that an entire complex or network structure will be exchanged, but to maintain consistency 

and relationships between the central model repository (or asset management environment) that 

holds multiple sites, facilities/complexes and projects a coherent representation is required within the 

IFC schema, if not mandated within the exchange definition. Also, in relation to asset management 

systems the physical hierarchy will form the primary representation for the asset breakdown structure 

when transferring to the central repository. 

2.2.1 BREAKDOWN STRUCTURES 

In addition to the 3 primary structures depicted in Figure 4, Table 1 highlights all the required 

breakdown structures for the ports & waterways domain and the functional purpose of those 

breakdowns. 

Table 1 IFC for Ports & Waterways requirements for breakdown structures 

Breakdown 
Structure Type 

Requirement & Remarks 

Spatial 
IPW requires the high-level spatial breakdown from catchment & complex to individual 
spaces/locations to divide areas up by purpose/usage. 

Containment 
IPW requires containment of physical elements within spatial elements, such as cranes 
or bollards within a quay facility. 

Assembly 
IPW requires the assembly of elements into larger physical elements such as a lock gate 
made up of steel gates, hydraulics, sides and sill. 

Placement 
IPW requires support for grid/cartesian placement for node structures such as buildings 
and areas, and alignment placement for linear structures such as breakwaters and 
generalized placement along managed or constructed waterways. 

Functional 
IPW requires physical elements to be typed (by intrinsic properties) and be grouped into 
systems (extrinsic functionality with performance & capacity) for asset & Operations 
management 

Work (Process) 
IPW requires tasks & projects to be typed (by intrinsic job-type or method statement) 
and grouped in functional/responsibility packages. This applies to design, construction & 
operational tasks/jobs. 

Classification 
Association and representation of local & national classification is required by IPW for 
additional breakdown views and property definition. 
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2.3 SPATIAL REQUIREMENTS 

In construction, engineering and operation facilities are often spatially decomposed to provide a logical 

organization hierarchy for placement, property association and early design definition. For example, it 

is common to decompose buildings into storeys and spaces from the initial design phase. Within IFC, 

only building decomposition is explicitly defined, and utilises a basic structure of:  

Site →  Building →  Storey →  Space 

This aligns with the structure in Figure 4 where the facility is of sub type ‘Building’. This section details 

the spatial requirements for the ports & waterways domain, developed by the IPW project and 

delivered to the Common schema project as part of the spatial structure questionnaire and ongoing 

collaboration. The initial generic spatial breakdown structure put forward by common schema 

resembles a generalized breakdown using a ‘Facility’ with a ‘Facility Part’ (Figure 5). The structure is 

split between the spatial object (blue) and the physical objects (orange), the connection between these 

represent containment within the upper spatial entity usually for organizational and local placement 

purposes. The requirements of ports & waterways (Figure 6) call for the addition of a Complex entity 

within the spatial hierarchy to allow the grouping of multiple facilities under one coherent ‘Complex’, 

this theoretically will exist as a specialization of the facility object. Also, it is suggested that ‘Region’ be 

utilised instead of part as part implies a physical block. To reconcile between the figures below and 

Figure 4 presented earlier it is understood that ‘Facility’ & ‘Complex’ are physical elements but can 

also act as spatial elements within their respective decompositions allowing duality between the 

placement and asset structures. It expected (but not required) that spatial elements delimit a physical 

or notional boundary and can adapt a local placement mechanism to allow modular design 

development. Similar to the need to aggregate multiple facilities into a complex or network, IPW 

requires the ability to breakdown projects and/or catchments into multiple sites to allow for both work 

division and management. 

 

 
Figure 5 Common schema generic spatial breakdown 
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Region/Storey

Assembly
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Figure 6 Ports & waterways spatial breakdown 

requirement 
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To illustrate this breakdown Figure 7 shows an example of a Container Terminal Complex, the complex 

is made up of multiple facilities such as the container stacks, quay, internal & external roads, 

administrative buildings etc. These facilities break up the functional areas of the complex, and also 

form a process system with serving /served connections and performance/capacity ratings. 

It is expected that the minimum spatial requirement for ports & waterways match that of the building 

structure to enable compatibility with existing applications. This implies a simplest structure of: 

One site →  one facility → one facility region →  one space/location 

 

2.3.1 SPACES, LOCATIONS, STOREYS, REGIONS & ZONES 

The lower level spatial structure elements (built asset primitive layer & complimentary grouping layer) 

have 3 distinct objects used for further dividing up a facility into managed regions or groups. These 

objects are space/location representing the lowest and smallest element, storeys/regions for spatial 

grouping and local placement & zones for functional grouping. Currently the IFC utilises only storeys, 

spaces & zones and these are heavily biased towards Buildings. Therefore, IPW requires that space be 

adjusted to represent enclosed areas such as rooms, and an equivalent element such as location to 

represent open air areas such as a ship berth or block of container stacks. These low-level spatial 

elements if necessary, can be spatially grouped using storeys to delimit vertical areas such as multilevel 

platforms or building floors or Regions to delimit horizontal areas such as working areas or parking 

lots. In addition, it is required that these spaces and location be functionally grouped in zones which 

are classified according to the activity intended, to allow better operational management of the 

complex. 
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Container Terminal Complex Facilities 

1 Main Quay 

2 Container Stacks 

3 Empties Area 

4 Customs & Police Facility 

5 Administration Building 

6 Power Station 

7 Workshop 

8 Tractor Trailer Service/Storage 

9 Staff Parking 

10 Truck Parking & Waiting 

11 Entrance Gate 

 

 

 

Figure 7 Ports & Waterways Container Terminal Spatial Breakdown
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2.4 SCOPE DECISIONS 

This section focuses on the in/out scope decisions for the project. These decisions have been reached 

through the activities and development of the requirements analysis to date and are detailed under 

the following topics: 

• Ports & waterways complex types 

• Ports & waterways facilities 

• Ports & waterways products & physical entities 

• Common Schema elements 

Scope decisions relating to use cases are considered within the primary use cases section 3. 

 

2.4.1 IPW COMPLEX TYPES 

A complex is defined as: “a group or system of different things that are linked in a close or complicated 

way; such as a network”. Within the domain of ports and waterways, projects are made up of multiple 

facilities that are combined to form a singular complex that are then managed as a whole. In response 

to this distinction the concept of a maritime complex is introduced as the top level of the asset 

breakdown structure. Through work within the project team a set of complex types were identified 

and divided into 6 groups as shown in Table 2. The project will address the implementation within IFC 

of the following complex types marked as IN scope and will defer all other types to future projects 

addressing this domain. 

Table 2 Ports & waterways complex types 

Complex Types Scope 

Transportation (Terminals)  

 Goods Terminals 
(Container, dry bulk, liquid bulk, roll-on roll-off) 

IN 

Passenger Terminals (cruise, ferry & foot traffic) IN 

Marinas & Leisure Terminals IN1 

Manufacturing, Support & Industrial  

 Ship & boat building yards IN 

Marine & water maintenance IN 

Offshore support/construction base IN 

Waterway & Navigational  

 Canal Complexes IN 

Channel Regulation & Water Control IN 

Ship Lock Complexes IN 

Protection & Environmental  

 Coastal Protection OUT 

Erosion Protection OUT 

Flood Protection OUT 
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Power Generation  

 Hydroelectric power OUT 

Tidal power generation OUT 

Wave power generation OUT 

Offshore wind generation OUT 

Incident Support & Defence  

 Air & sea rescue complexes OUT 

Life boat stations IN1 

Coast guard stations IN1 

Military Complexes IN1 

 

 

2.4.2 IPW FACILITY TYPES 

A facility is defined as “a place, amenity, or piece of equipment provided for a particular purpose”. 

Within a maritime complex there are many discrete facilities that combine to satisfy the ultimate 

functional objective(s) of the complex. The project team has identified a set of facilities that are either 

vital or unique to the maritime domain and divided these facilities into 6 groups as shown in Table 3. 

The project will address the facility types marked as IN scope to support the in scope complex types 

and defer all other types to future work. It is noted that this list does not cover all possible maritime 

facility types but seeks to identify those types vital and present within the in scope complex types. 

Table 3 Ports & waterways identified facility types 

Facility Types Remarks Scope 

Water Control & Retaining Structures  

 Breakwaters 
Protective structure to absorb/block waves, currents & weather effects types 
include Caisson, rubble and wave attenuator 

IN 

Seawalls Coastal protection structure for flood and erosion OUT 

Revetments Coastal protection forming slanted or upright blockades IN 

Groynes Coastal protection structure built perpendicular to shore OUT 

Retaining walls Earth retaining structures, IN2 

Dams/Levees Permanent/Flood water retaining structures  OUT 

Weirs Water level control structures usually employed on rivers OUT 

Sluices, Spillways & 
Control gates 

Facilities for the controlled release of water from water retaining or impounding 
structures 

IN 

Launch & Recovery  

 Ship-lifts Winched lifting platform to transfer vessels to dry berths IN 

Hydro-Lift Ships lifted vertically by water impounding and floated to drying berths IN 

Slipways Inclined launch and recovery ramp with associated hauling systems IN 

Dry Dock Impounded docking facility that can be drained and flooded as required IN 

Floating Dock Floating structure that can be raised and lowered to capture and transport vessel IN 

Water Side Structures  

 Wharfs/Quays 
Fixed platform parallel to shore for berthing vessels against for the unloading of 
cargo or passengers. 

IN 

Piers/Jetties 
Fixed platform for the unloading of cargo or passengers perpendicular to the 
shore usually built on piles 

IN 
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Transport structures  

 Roads 
Forms the port internal roads for the movement of cargo and passengers and a 
modal exit from complex 

IN3 

Railways 
Used extensively for crane movement, vessel transfer systems and a modal exit 
from the complex 

IN3 

Bridges 
Used to traverse gaps carrying facilities such as roads, railways, piping and bulk 
conveyance systems 

IN3 

Tunnels Equivalent to bridges but underground IN3 

Entrance Gates Entry and control facility and vital to the capacity of the complex IN4 

Water Areas  

 Ship Locks 
Water impounding facilities for transfer of vessels between variable water 
height zones 

IN 

Anchorages 
Area designated for the anchor of vessels (usually prior to berthing at a 
waterside structure) 

IN 

Navigational 
Channels/Areas 

Managed lanes and areas for the movement and control of marine traffic IN 

Land Areas  

 Transfer Areas Areas for the movement of vessels around shipyard via transfer systems IN 

Storage/Working Areas Container stacks, stock piles, Dry berths etc. areas for storage or manufacturing IN 

Intermodal Yards 
Areas or facilities for the transfer of cargo from storage to out/Inbound transport 
systems (usually road or railways) 

IN 

Buildings 
Offices, warehouses, manufacturing buildings, boathouses, pump houses, 
power stations, workshops, customs & police buildings 

IN4 

 

 

2.4.3 IPW PRODUCTS & PHYSICAL ENTITIES 

These entities are the physical built components (grouped as products and systems) that make up the 

discrete facilities of a ports & waterways project/complex. The project team has identified a set of new 

or vital entities divided into 5 groups as shown in Table 4. The project will address the use and addition 

of entities marked as IN scope to support the in-scope facility and complex types. This is not a 

comprehensive list it only identifies the new or vital entities related to maritime infrastructure and the 

in-scope elements. 

Table 4 Ports & Waterways identified new products and physical entities 

Products & Physical Entities Remarks Scope 

Dynamics Entities  

 Cargo & Vehicles Vessels and transport systems IN 

Cranes Fixed location, rail mounted or rubber tyred lifting equipment IN 

Transfer Cradles Rail mounted or rubber tyred vehicles for the movement of vessels in 
shipyards 

IN 

Hauling/Conveyance Systems Cable, track or belt systems for the movement of vessels or cargo IN 

Floating Docks/Structures Floating structures that move in relation to tide and water level. IN 

Ship lift Platforms Moveable platforms that transport vessels vertically IN 

Dry Dock/Lock Gates Moveable structures for closing dry docks or ship locks IN 

Aides to Navigation  

 Lights & Markers Marine onshore lighting systems and marker boards. IN 

Navigational Buoys Floating navigational buoys for traffic management and safety. IN 

Sound Signals -- IN 
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Maritime Ancillaries  

 Fenders Energy absorbing entities between quays and vessels (attached to quay 
wall) 

IN 

Bollards Mooring points for vessel lines IN 

Mooring Systems 
Advanced mechanical mooring devices to reduce movement and aid in 
securing vessels 

IN 

Armour Units Concrete/ stone units to deflect waves and protect from erosion IN 

Flora & Fauna OUT 

Geology & hydrology  

 Geo-strengthening systems Textile and anchoring systems for ground strengthening IN5 

Geology & Strata Representation of geological ground conditions IN5 

Hydrology/Water Elements Representation of dynamic water conditions IN5 

 

2.4.4 COMMON SCHEMA ELEMENTS 

The Common Schema project provides a conduit to the development of generic use cases and 

applications between all infrastructure domains. In response to this the following use cases/subject 

areas will be validated for domain application, but managed externally by the common schema group: 

• Geology & geotechnical analysis and design (undertaken by IPW project team) 

• Earthworks 

• Base spatial structures 

• Drainage systems 

• Kinematic structures & vehicles (undertaken by IPW project team) 

This is not intended to be a comprehensive list of generic subject areas, it is anticipated that other in 

scope subjects will be identified and possibly developed in cooperation with the Common Schema 

project. 

 

NOTES 

1. Is considered in scope due to similarities with other complex types being addressed but will 

not be explicitly validated. 

2. Retaining walls are being explored in relation to geotechnics and earthworks by the common 

schema project. This project will review them in relation to submerged and water sided 

occurrences. 

3. Roads, Railways, Bridges & Tunnels are considered vital facilities within ports & waterways but 

are included as referenced facilities where their content will be developed by other existing 

projects. 

4. Entrance gates and buildings form the use of existing functionality for buildings within the IFC, 

with an extension of the possible typing mechanism to provide identification and classification 

of maritime specific buildings. 

5. Geology & Hydrology features are key to the maritime domain but have been handed off to 

the common schema project for common development. 
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2.5 PROCESS MAP AND EXCHANGE SCENARIOS 

The following process maps have been defined according to the IDM standard to depict an overall 

general reference process for the development of Ports & waterways projects, taking in to account the 

specialist roles such as master planning, maritime engineering and expanded Initial state modelling. 

Deviations in national or regional processes are possible, but it is assumed that the general structure 

and meaning will remain consistent throughout. 

2.5.1 PROCESS MAPS, ACTORS & PHASES 

Figure 8 depicts an overview of the project process (A larger version located as Figure 9 in Annex 1); 

this map is meant as a generic precursor to the detailed ports & waterways process map (Figure 10 in 

Annex 1). The overview process utilises the CIC project stages (listed for reference in Table 5) to provide 

a skeleton for the detailed process, identify the major contributing actor groups and provide placement 

and context for the defined use cases. The figure includes the more abstract analysis-based use cases. 

These are not easily placed into the detailed process map without vastly increasing complexity as they 

are integrated into the iterative design process providing context and decision points to major design 

areas. In addition, each use case has its own associated atomic process map documented within the 

use case proformas in Annex 2. 

Figure 8: Overview Process Map 
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Table 5 CIC Project Stages 

Stage Name 

CIC 0 Strategic Definition 

CIC 1 Preparation and Brief 

CIC 2 Concept Design 

CIC 3 Developed Design (or Definition) 

CIC 4 Technical Design 

CIC 5 Construction & Fabrication 

CIC 6 Handover & Commissioning 

CIC 7 In-Use 

 

The 6 identified actor groups and detailed actor roles identified during the development are listed in 

Table 6. In addition to these service groups the customer/user is highlighted as an exchange and 

interaction actor with the operator during the CIC 7 In-use stage. 

Table 6 Port & Waterways identified Actor List 

Actor group & actors 

Geo-Environmental Services 

 Surveyor (Topographic, Bathymetric, Meteorological 
and Oceanographic, Utility, Geotechnical) 

Environmental Engineer 

National/Regional Regulator 

Client & Operator Services 

 Owner/Sponsor 

Project Manager 

Operator 

Inspector 

Design & Engineering Services 

 Master Planner 

Cost Engineer 

Schedule Planner 

Geotechnical Engineer 

M&E and Control Engineer 

Maritime Engineer 

Construction Services 

 Construction Contractor 

Fabricator 

Design Capture Team 

Analysis Services 

 

The detailed process map takes the 4 primary actor groups identified in Figure 8 namely, Geo-

Environmental Services; Design & Engineering Services; Client & Operations Services and Construction 

Services; and details the entire process of a typical ports & waterways project from stage 1 preparation 

and brief to entry into the stage 7 operations and use cycle. 
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It is emphasized that this process definition does not account for every eventuality, it attempts to 

define a common and generic map with deviations possible in extenuating or unique circumstances. 

For reasons of complexity and readability certain process blocks and constructs have been omitted 

from the detailed process map. Notable omissions are: 

• Document/model approval 

• Iterative design development & Feedback, inspection & asset review 

Document/model approval is a key process block within the project development for purposes of 

quality assurance, validation and safety. It is implied that within the detailed process when tasks 

produce exchange models, these outputs (or deliverables) go through the proper checking, approval 

and issue process according to national standards and industry best practices, which could involve the 

subsequent revision of outputs and the repeating of work. Due to issues of size and readability of 

expressing feedback and revision loops for each model producing task this process is assumed to form 

part of the model producing task. 

Iterative design development & feedback is an important construct within modern engineering 

practices, with reduced review cycle length and improved efficiency being some of the central 

advantages of modern information modelling practices and software platforms. Therefore, it is implied 

that an iterative development cycle is used within the bounds of each design stage before culminating 

in an approval and issue of deliverables and a stage gate review by the client. The sequencing of the 

process map is intended to depict the dependencies of tasks conducted by different actors. For 

example, sequencing places the master plan development before design tasks by the geotechnical 

engineer & maritime engineer (which can be done concurrently), with the M&E development following 

the maritime engineers work. In reality, elements discovered in the geotechnical and maritime design 

development will feed back into the master plan to further improve the solution, in the same way that 

the M&E design after the initial lag will develop alongside the maritime design elements and provide 

feedback to improve both parts of the solution. The same principle can also be applied to the 

development of the cost estimate and schedule, which provide feedback to each other as well as back 

into the technical design. In addition, an iterative process is present within the inspection and review 

of assets during the operational phase, which in turn leads to the activation of future major and minor 

projects. Due to the complexity and resulting poor readability of depicting this iterative process, a 

dependency-based sequencing and 2 stage model federation is used to convey the process and 

exchange scenarios. 
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2.5.2 EXCHANGE SCENARIOS 

The scenarios listed in Table 7 detail the exchange of information between actors within the ports & 

waterways process. Exchanges represent the input or output information required to conduct the tasks 

of a use case. In addition, a defined view definition is needed to provide the technical base for the 

exchange. To represent this, each exchange scenario has been linked to its respective input or output 

use case (in some instances an exchange scenario can serve more than one use case) from the set of 

identified use cases in section 3, and model view definition (detailed further in section 5) that will fulfil 

the functional requirement. The decisions regarding the scope of the project for the development of 

the exchange requirements are highlighted via the Exchange Identifier column using the following 

colour coding: 

• Green – IN scope 

• Orange – expect the extension will cover this use case, but will not be tested/validated within 

this project due to restricted resources 

• Red – OUT of scope for this development 

Most of the exchange scenarios are depicted on the detailed process map (Figure 10 in Annex 1) and 

are referenced by the exchange identifier. The additional scenarios listed relate to the analytical use 

cases depicted in Figure 8, to provide an exchange definition for their input and/or output data 

requirement. 
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Table 7 Example table Exchange scenarios 

Exchange 
Identifier. 

Exchange Name  Participants Contents Use Case(s) MVD1 

IE01 Info. Requirements & Brief 
Exchange from Client/Owner to Design Team 
(Firstly Master Planning) 

The brief and requirement for the project and 
works. 

input: 
PH19 Master Planning 
PH10 nD Design M. 

-- 

IE02 Conceptual Master Plan 
Exchange from master planner (MP) to: 

➔ cost estimator for quantity take-off 
➔ MP (input to further developments)  

The conceptual level layout and designed 
performance characteristics 

Output: PH19 Master Planning 

RV/DTV 
Input: 

PH06 Cost Modelling 
PH19 Master Planning 

IE03 Conceptual Cost Estimate 
Exchange from cost estimator to: 

➔ Master planner for iterative review 
➔ Client for decision making  

The conceptual level cost breakdown  
Output: PH06 Cost Modelling 

RV/DTV 
Input: PH10 nD Design M. 

IE04 Preliminary Master Plan 
Exchange from master planner (MP) to: 

➔ Design team for design developments 
➔ MP (input to further developments) 

The preliminary level layout and designed 
performance characteristics of the project and 
works. 

Output: PH19 Master Planning 

RV/DTV 
Input: 

PH10 nD Design M. 
PH18 Geotechnical D&A 

IE05 Utility Demand Estimate 
Exchange from M&E Engineer(M&EE) to: 

➔ Client for decision making 

Estimate of demand for electrical power, 
potable water, gasses etc based on the Master 
Plan. 

Output: 
PH10 nD Design M. RV/DTV 

Input: 

IE06 Initial State Model 

Exchange from Surveyor to: 
➔ Design Team for baseline model 

A federation of the 3 sub- models below 
Output: 
 
Input: 
 

PH01 Initial State M. 
 
PH10 nD Design M. 
PH18 Geotechnical D&A 

RV/DTV 
+ GDAV 

IE06a Survey Model 
Topographic, bathymetric and met ocean 
model for current conditions 

IE06b Geotechnical/Ground Model Geotechnical and ground data 

IE06c Environmental Model Environmental parameters geospatial zones 

IE07 ESHI Assessment 
Exchange from Surveyor to: 

➔ Design Team for design decision making 

Compilation of baseline data relating to 
environmental, social and health issues. An 
assessment of the impact of the project is made 
based on the master plan. 

Output: PH01 Initial State M. 

RV/DTV 

Input: PH10 nD Design M. 

IE08 Flood Risk Assessment 
Exchange from Surveyor to: 

➔ Design Team design decision making 

Compilation of data on past flooding and an 
assessment of the impact of the project on the 
future risk of flooding. 

Output: PH01 Initial State M. 
RV/DTV 

Input: PH10 nD Design M. 
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Exchange 
Identifier. 

Exchange Name  Participants Contents Use Case(s) MVD1 

IE09 Preliminary Maritime Design 
Exchange from Maritime Engineer to: 

➔ Design team for iterative review 
➔ Project Manager for model federation 

Preliminary level design specification for 
maritime facilities such as breakwaters, locks, 
navigational elements & dredging. 

Output: PH10 nD Design M. 
RV/DTV 

Input: PH04 C&CD 

IE10 
Preliminary Geotechnical 
Design 

Exchange from Geotechnical Engineer to: 
➔ Design team for iterative review 
➔ Project Manager for model federation 

Preliminary level design specification for 
geotechnical facilities such as foundations, 
earthworks & retaining structures. 

Output: PH18 Geotechnical D&A RV/DTV 
+ GDAV Input: PH04 C&CD 

IE11 Preliminary M&E Design 
Exchange from M&E Engineer to: 

➔ Design team for iterative review 
➔ Project Manager for model federation 

Preliminary level design specification for M&E 
facilities such as HV/LV systems, water systems, 
lifting systems & HVAC. 

Output: PH10 nD Design M. 
RV/DTV 

Input: PH04 C&CD 

IE12 
Engineering Preliminary 
Design 

Exchange from Project Manager to: 
➔ Cost Engineer for quantity take-off 
➔ Planner for construction planning 

Preliminary federated design model from IE09, 
IE10 & IE11 

Output: PH04 C&CD 

RV/DTV 
Input: 

PH05 4D Modelling 
PH06 Cost Modelling 

IE13 Preliminary Schedule 
Exchange from Cost Engineer to: 

➔ Project Manager for model federation 
Preliminary construction plan with estimated 
task parameters for tender 

Output: PH05 4D Modelling 
RV/DTV 

Input: PH04 C&CD 

IE14 Preliminary Cost Estimate 
Exchange from Schedule Planner to: 

➔ Project Manager for model federation 
Preliminary cost breakdown with estimated 
materials, labour & plant values for tender 

Output: PH06 Cost Modelling 
RV/DTV 

Input: PH04 C&CD 

IE15 nD Preliminary Design 
Exchange from Project Manager to: 

➔ Client for decision making 
➔ Design team for further development 

Preliminary fully federated model including 
reconciled data from IE12, IE13 & IE14 

Output: PH04 C&CD 

RV/DTV 
Input: 

PH03 Visualization 
PH10 nD Design M. 

IE16 Tender Package 
Exchange from Project Manager to: 

➔ Prospective contractors for Bids 
Includes relevant information requirements 
and the construction contract model 

 N/A Out of Scope -- 

IE17 Bid Package 
Exchange from Prospective contractors to: 

➔ Project Manager for decision making 
Includes the proposed execution plan, 
Construction plan & cost model. 

 N/A Out of Scope -- 

IE18 Final Master Plan 
Exchange from master planner (MP) to: 

➔ Design team for design developments 
The final layout and designed performance 
characteristics of the project and works. 

Output: PH19 Master Planning 

RV/DTV 
Input: 

PH10 nD Design M. 
PH18 Geotechnical D&A 

IE19 
Further Geotechnical 
Investigation 

Exchange from Surveyor to: 
➔ Design Team for decision making 

Additional geotechnical and ground data as 
required by the design team 

Output: PH01 Initial State M. 
GDAV 

Input: PH18 Geotechnical D&A 
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Ex Id. Exchange Name  Participants Contents Use Case(s) MVD1 

IE20 Final Maritime Design 
Exchange from Maritime Engineer to: 

➔ Design team for iterative review 
➔ Project Manager for model federation 

Final design specification for maritime facilities 
such as breakwaters, locks, navigational 
elements & dredging 

Output: PH10 nD Design M. 
RV/DTV 

Input: PH04 C&CD 

IE21 Final Geotechnical Design 
Exchange from Geotechnical Engineer to: 

➔ Design team for iterative review 
➔ Project Manager for model federation 

Final design specification for geotechnical 
facilities such as foundations, earthworks & 
retaining structures 

Output: PH18 Geotechnical D&A RV/DTV 
+ GDAV Input: PH04 C&CD 

IE22 Final M&E Design 
Exchange from M&E Engineer to: 

➔ Design team for iterative review 
➔ Project Manager for model federation 

Final design specification for M&E facilities such 
as HV/LV systems, water systems, lifting 
systems & HVAC 

Output: PH10 nD Design M. 
RV/DTV 

Input: PH04 C&CD 

IE23 Engineering Final Design 
Exchange from Project Manager to: 

➔ Cost Engineer for quantity take-off 
➔ Planner for construction planning 

Final federated design model from IE20, IE21 & 
IE22. 

Output: PH04 C&CD 

RV/DTV 
Input: 

PH05 4D Modelling 
PH06 Cost Modelling 

IE24 Final Schedule 
Exchange from Cost Engineer to: 

➔ Project Manager for model federation 
Final construction plan with estimated task 
parameters 

Output: PH05 4D Modelling 
RV/DTV 

Input: PH04 C&CD 

IE25 Final Cost Estimate 
Exchange from Schedule Planner to: 

➔ Project Manager for model federation 
Final cost breakdown with estimated materials, 
labour & plant values 

Output: PH06 Cost Modelling 
RV/DTV 

Input: PH04 C&CD 

IE26 nD Final Design 
Exchange from Project Manager to: 

➔ Client for decision making 
➔ Design team for further development 

Final fully federated model including reconciled 
data from IE23, IE24 & IE25 

Output: PH04 C&CD 

RV/DTV 
Input: 

PH03 Visualization 
PH10 nD Design M. 

IE27 Fabrication Model 
Exchange from Construction Contractor to: 

➔ Fabricator for element production 

Full technical model with geometry and specific 
instructions required to drive fabrication and 
manufacturing equipment 

Output: PH15 P & M 
--2 

Input: -- 

IE28 Asset Information Model 
Exchange from Design Capture Engineer to: 

➔ Project Manager for design review 
➔ Operator for integration into FM System 

Full geometrical model with additional 
properties O&M tasks & connective links for 
process engineering of the facility 

Output: PH09 Handover 

AMV 
Input 

PH08 Design Model vs. AIM 
PH09 Handover 

IE29 Machine Control Model 
Exchange from Construction Contractor to: 

➔ Machine Operator for onsite production 

Full technical model with geometry and specific 
instructions and parameters required to guide 
onsite production machines. 

Output: PH22 Machine Control 
--2 

Input: -- 

IE30 
Energy & Emissions Analysis 
Model 

Exchange from Design Team to: 
Operations Analyst for evaluation and 
recommendation 

Operational and environmental parameters in 
relation to vehicles and equipment including 
performance and throughput parameters 

Output: PH16 Energy & Emissions  

Input PH10 nD Design M.  
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Ex Id. Exchange Name  Participants Contents Use Case(s) MVD1 

IE31 Capacity Analysis Model 
Exchange from Design Team to: 

➔ Operations Analyst for evaluation and 
recommendation 

Functional spatial structure with associated 
performance, capacity and throughput 
parameters. 

Output: 
PH17 Capacity Analysis 
PH25 Logistics P&S OAV 

Input PH10 nD Design M. 

IE32 Navigation Analysis Model 
Exchange from Design Team to: 

➔ Operations Analyst for evaluation and 
recommendation 

Model including geometry (with details of aids 
to navigation and main navigational visual 
cues), vessel information and metocean 
information. 

Output: PH24 Navigation Analysis 

OAV 

Input PH10 nD Design M. 

IE33 Mooring Analysis Model 
Exchange from Design Team to: 

➔ Hydrology Analyst for evaluation and 
recommendation 

Model including geometry (with details of 
mooring equipment and line locations), vessel 
information and metocean information 

Output: PH21 Mooring Analysis 
OAV 

Input PH10 nD Design M. 

IE34 Structural Analysis Model 
Exchange from Design Team to: 

➔ Structural Engineer for evaluation and 
recommendation 

Model including geometry, material properties, 
loading and geotechnical information. 

Output: PH12 Structural Analysis 
SFAV 

Input PH10 nD Design M. 

IE35 Fluid Analysis Model 
Exchange from Design Team to: 

➔ Hydrology Engineer for evaluation and 
recommendation 

Model including geometry, baseline loading 
parameters, with analysis outcomes. 

Output: PH20 Fluid Mechanics Analysis 
SFAV 

Input PH10 nD Design M. 

IE36 Wave Analysis Model 
Exchange from Design Team to: 

➔ Hydrology Engineer for evaluation and 
recommendation 

Model including geometry, baseline metocean 
parameters plus analysis outcomes 

Output: PH23 Wave Impact Analysis 
SFAV 

Input PH10 nD Design M. 

IE37 Asset Management Model 
Exchange from Inspector to: 

➔ Asset Manager/Operator for 
monitoring and evaluation 

Full geometrical model with additional 
properties O&M tasks & connective links for 
process engineering of the facility with history 

Output: PH30  Ops & Maintenance 
AMV 

Input PH30  Ops & Maintenance 

IE38 Inspection Model 

Exchange from Inspector to: 

• Asset Manager/Operator for 
monitoring and evaluation 

Inspection outcome properties linked to 
possible geometrical elements. 

Output: PH30  Ops & Maintenance 
AMV 

Input PH30  Ops & Maintenance 

Notes 

1. Definitions of abbreviations can be found in section 5 Model View Definitions 

2. View definition dependant on technology in operation therefore categorized as a specialized implementation in section 5 Model View Definitions 
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3 USE CASES 
Use cases define the functional requirements of a given IFC extension by identifying the processes that 

the IFC model will support. These use cases can be generic or domain specific but simply must define 

a bounded set of functionality and information content needed as input and/or output to complete 

the process. 

 

3.1 USE CASE IDENTIFICATION 

Within the IFC for ports & waterways project the following use cases were identified by the project 

team by the review of existing work from previous and current BuildingSMART projects, application of 

domain expertise and review by international expert panel. Table 8 shows a summary list of all defined 

use cases with a declaration of the priority rating (a qualitative measure of the use cases importance 

considering its frequency of use and value adding effect on projects) and the complexity rating (a 

qualitative measure of the effort required in defining the necessary data structures in IFC), which forms 

the main basis for in/out scope decisions. In addition, the table provides use case descriptions, 

highlighted exchange scenarios and brief summaries of the required geometric and semantic 

representations. 

A full analysis of the use cases was conducted, the results of which can be viewed in the full use case 

review document attached as Annex 2. This analysis formed the basis for subsequent decisions 

regarding the scope of the project, the result of this is indicated by the colour of the No. column of 

using the following colour codes: 

• Green – IN scope 

• Orange – expect the extension will cover this use case, but will not be tested/validated within 

this project due to restricted resources 

• Red – OUT of scope for this development 

It is emphasized that the exclusion from this first iteration of work does not infer that these use cases 

are not relevant to our domain and could be covered by future iterations of the IFC for Ports & 

Waterways extension. 
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Table 8 IFC for Ports & Waterways Use Case table. 

No. Use case name Description & Purpose 
IFC exchange 

scenario 
Required geometry 

representation Required semantic information Priority 
Compl-

exity 

PH01 
Initial State 
Modelling 

Initial data (terrain, soil, existing structures etc.) from various 
GIS (and other sources) are brought into BIM space and can 
then be exchanged using IFC to future stages. 

GIS & Survey App to 
Design App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Met oceanographic parameters, 
Environmental parameters, 
geology parameters, 
existing structures data 

MED LOW 

PH02 
Import of Alignment 
and major 
Parameters 

Alignment and major parameters of the service defined by the 
alignment (e.g Road, Rail, Breakwater etc) is Imported into a 
Coordinated model. 

Design App to 
Coordination App 

Procedural Geometry 
Alignments & Cross-sections + 
swept solids 

Navigational Channel Parameters 
Breakwater parameters 
Other linear shape parameters 

LOW LOW 

PH03 Visualisation  
3D technical visualization of the infrastructure project for 
communication of design solutions within project team and to 
third parties including the public. 

Design App to 
Visualization App or 
AR/VR 

Explicit Geometry 
Triangulated face sets and/or 
Boundary Representation 

Spatial Structure, 
Object Typing, 
Object Relationships 
Material/Rendering parameters 

HIGH LOW 

PH04 
Coordination & 
Collision Detection 

Federation of engineering domain models and work 
segmented models for detection of interferences (clashes), 
and overall spatial management of the complex. 

Design App to 
Coordination App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Object Typing, 
Classification 
Object Relationships 

HIGH LOW 

PH05 4D Modelling 
4D integration and visualization of construction schedule, to 
allow optimization and review of construction site & 
activities. 

Design App to  
4D Scheduling App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Temporal Objects & Parameters, 
Relationships (Temporal-> 
Product), 
Resource Parameters (optional) 

HIGH LOW 

PH06 
Quantity Take Off 
(Cost Modelling) 

Determine quantities (volumes, surfaces & instances) to 
generate integrated Bill of Quantities and connected costing 
model. 

Design App to 
Estimation App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Quantity & material parameters, 
Cost Object & parameters, 
Relationships (Cost -> Product) 

HIGH LOW 

PH07 Progress Monitoring 
Information tracking the progress and completion of the 
construction schedule to visualise for communication with 
third parties or conduct earned value analysis. 

Prog Capture App to 
Coordination App or 
Visualization App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Temporal Objects & Parameters, 
Relationships (Temporal-> 
Product), 
Resource Parameters (optional) 

HIGH LOW 

PH08 
As-Built vs. As-
Planned Comparison 

Comparison of As-Built/Record model to as-planned models 
for quality control and construction validation 

Design App to 
Coordination App or 
Field App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Classification, Tolerance 
Parameters, Object Relationships, 
Testing Parameters (optional) 

HIGH LOW 
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No. Use case name Description & Purpose 
IFC exchange 

scenario 
Required geometry 

representation Required semantic information Priority 
Compl-

exity 

PH09 Handover 

Development of Delivery Asset Information to Statisfy client 
and statutory Requirements, has 2 major transport types 
Asset based (Systems, Zones and Workplans for FM), and GIS 
based (Navigational Mapping etc.) 

Design App to 
FM App or GIS App 

Explicit Geometry (All Types)  
 Alignments & Cross-sections 

Spatial Structure,  
Performance, environmental, 
maintenance, material & 
manufacturing parameters 

HIGH MED 

PH10 
Multi-discipline 
Design Modelling 
(Reference Model) 

The sequencial and concurrent development of design 
models, based on the ability to exchange models from 
concurrent activities or previous stages as a reference model, 
allowing limited manipulation. 

Design App to 
Design App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Design Attributes, Classification, 
Spatial Structure, Object Typing, 
Object Relationships, Ultimately 
dependent on Info Requirements 

HIGH MED 

PH11 
Multi-discipline 
Design Modelling Full 
Model Logic) 

The sequencial and concurrent development of design 
models, based on the ability to exchange models from 
concurrent activities or previous stages as a fully parametric 
model, allowing full manipulation of model content by 
receiving application. 

Design App to 
Design App 

All Explicit Geometry, Fully 
parametric description + model 
logic, constraints & Dependencies 

All Information Present in Model LOW HIGH 

PH12 Structural Analysis 
The structural Analysis of modelled elements such as bridges, 
retaining walls, wharf platforms, dams & locks. For the 
purpose of ensuring stability & safety 

Design App to 
Structural App 

Analytical geometry and/or 
procedural descriptions 

Material parameters,  
Loading Scenarios & parameters 

MED MED 

PH13 
Code Compliance 
Checking 

The Process of reviewing and validating Maritime Structures 
against international & National codes & regulations 

Design App to 
Checking App 

Implicit/procedural description 
Regulatory parameters, Dependent 
on regulatory info requirements 

MED HIGH 

PH14 Drawing Generation 
Derivation of drawings and construction documentation that 
meet local/national regulations. 

Design App to 
Authority Submission 

2D Representation of Explicit and 
Swept Geometry 

All Information for Drawing 
Representation (including style 
info) 

LOW HIGH 

PH15 
Prefabrication & 
Manufacturing 

Use of Model information for the control and automation of 
production machines, in an offsite manufacturing setting. 

Design App to  
Machine Control App 

Procedural Description 
(Sweep Geometry, BRep, CSG) 

Specific to employed methods MED MED 

PH16 
Energy & Emissions 
Analysis 

Analysis of operable equipment and components in relation 
to energy consumption and evironmental emissions for 
improvements in operation time & Cost and Master planning 
of facilities. 

FM App to 
Analysis App 

Implicit Description (Spatial 
geometry) + Dynamic Envelopes 

Energy & emissions parameters, 
facility throughput parameters, 
Operational parameters, 
vehicle/plant parameters 

HIGH LOW 

PH17 Capacity Analysis 
Preparation of the spatial, physical and process information 
for capacity simulation. 

Design App to 
Analysis & Simulation 
App 

Implicit Description (Spatial 
geometry) + Dynamic Envelopes 

Spatial & Connective Relationships, 
facility throughput parameters, 
Operational parameters, 
vehicle/plant parameters 

HIGH LOW 
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No. Use case name Description & Purpose 
IFC exchange 

scenario 
Required geometry 

representation Required semantic information Priority 
Compl-

exity 

PH18 
Geotechnical Design 
& Analysis 

Analysis and Design for geotechnical components involved in 
the modification (Cut & Fill), Strengthening & creation of 
Geotechnical elements. 

Survey to Design App 
Design to Analysis 

explicit Geometry 
Boundary Representation, 
topographic surface representation 

Classification, quantities, 
tolerance & uncertainty 
parameters hydrology parameters 

HIGH MED 

PH19 Master Planning 

The Representation of the initial spatial structure of the Port 
and Facilities. Includes the concept of Optioning the different 
scenarios and layouts. Draws information from capacity and 
existing state modelling. Forms the most effective general 
arrangement and operational model 

Survey to Planning 
(Design) App 

Implicit Description (Spatial 
geometry) + Dynamic Envelopes 

Spatial Structure, 
operational parameters, 
Performance parameters 
object relationships,  
facility throughput parameters 

HIGH LOW 

PH20 
Fluid Mechanics 
Analysis 

Analysis and decision making around the fluid effects on 
maritime structures for effective & efficient design of 
structures. 

Design App to 
FM Analysis App 

Analytical geometry and/or 
procedural descriptions 

Material parameters,  
Met oceanographic scenarios & 
parameters 

MED MED 

PH21 Mooring Analysis 

Design and Analysis of mooring strategy to improve 
productivity and operational efficiency using model 
information for planning a vessel's mooring arrangement and 
assessing the adequacy of a terminal's mooring facilities. 

Design App to 
Mooring Analysis App 

Analytical geometry and/or 
procedural descriptions 

Operational parameters, 
vehicle/plant parameters  
Met oceanographic scenarios & 
parameters, 

MED MED 

PH22 
Model Aided 
Machine Control 

Using model information to assist site construction, and the 
driving of onsite manufacting machines such as paving layers 
etc. 

Design App to  
Machine Control App 

Procedural Description 
(Sweep Geometry, BRep, CSG) 

Specific to employed methods MED MED 

PH23 
Wave Impact 
Analysis 

Using model information for wave Impact analysis, such as 
breakwater strength and overtopping, to improve or validate 
design. 

Design App to 
WI Analysis App 

Analytical geometry and/or 
procedural descriptions 

Material parameters,  
Met oceanographic scenarios & 
parameters 

MED MED 

PH24 Navigation Analysis 
Usage of model information for navigation analysis. To check 
the operational navigation of Port in addition to visibilityand 
distance checks for navigational marks and beacons. 

Design App to 
Nav Analysis App or 
VR Simulator 

Analytical geometry and full 
Explicit Geometry 

vehicle/plant parameters, 
 Met oceanographic scenarios & 
parameters, 

MED MED 

PH25 
Logistic Planning 
Simulation 

Usage of model information for logistic planning simulation. 
It can be used for; evaluating capacity of container yard, 
assessing the efficiency of horizontal transport vehicles, port 
loading and unloading equipment, and berthing number 
calculation. 

Design App to 
Operational 
Simulation App 

Implicit Description (Spatial 
geometry) + Dynamic Envelopes 
Explicit Geometry (Any types) 

Spatial & Connective Relationships, 
facility throughput parameters, 
Operational parameters, 
vehicle/plant parameters 

HIGH LOW 

PH26 Risk Assessment 

Use of model information for risk evaluation, e.g. assessment 
of fire safety and evacuation routes. It can be used for smoke 
and fire propagation, planning of escape routes, impact of fire 
on the structures, simulation of traffic flow. 

Design App to 
Risk Assessment App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Material parameters, 
Met oceanographic scenarios & 
parameters, 
Operational parameters 

MED MED 
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No. Use case name Description & Purpose 
IFC exchange 

scenario 
Required geometry 

representation Required semantic information Priority 
Compl-

exity 

PH27 Ship Lock Operation 
Usage of model information for operation, e.g. ship lock 
operation. 

Design App to 
Operations App 

Explicit Geometry with multiple 
context-based representations 

Operational parameters, 
Kinematic parameters 

MED LOW 

PH28 
Dynamic structures 
and vehicles 

Analysis and Design for dynamic structures, including locks, 
pontoons and docks and including vehicles and cargo. 
Illustration and Detection of conflicts and operational issues. 

Design App to 
Visualization, C&CD 
or Simulation App 

Explicit Geometry with multiple 
context-based representations 

Operational parameters, 
vehicle/plant parameters, 
Kinematic parameters 

MED MED 

PH29 Digital Twin 
Usage of model for creation of Digital Twin - focus on 
monitoring of performance of the infrastructure 

Design App to 
FM App 

Explicit Geometry 
Faceted Boundary Representation, 
Swept Geometry where applicable 

Operational parameters, 
Automation & Control parameters 

MED HIGH 

PH30 
Operations & 
Maintenance 

Usage of model for planning of operations & maintenance 
tasks along with the storage and transfer of inspection data 

Inspections App to 
FM App or GIS App 

Explicit Geometry with multiple 
context-based representations 

Inspection entities with associated 
Parameters,  
Associative relationships 

MED LOW 
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3.2 USE CASES SCOPE DECISIONS 

Based on careful analysis and review of the importance, value added benefit and the complexity and 

workload of defining the necessary data structures, the project team decided to prioritize and actively 

address the following 19 use cases when creating the IFC for ports & waterways extension: 

• PH01 – Initial State Modelling 

• PH03 - Visualization 

• PH04 – Coordination and Collision Detection 

• PH05 – 4D Modelling 

• PH06 – Quantity Take-Off (Cost Modelling) 

• PH07 – Progress Monitoring 

• PH08 – As-Built vs. As-Designed Comparison 

• PH09 - Handover 

• PH10 – Multi-discipline Design Modelling (Reference Model) 

• PH16 – Energy & Emissions Analysis 

• PH17 – Capacity Analysis 

• PH18 – Geotechnical Design & Analysis 

• PH19 – Master Planning 

• PH21 – Mooring Analysis 

• PH22 – Model Aided Machine Control 

• PH23 – Wave Impact Analysis 

• PH24 – Navigation Analysis 

• PH25 – Logistic Planning & Simulation 

• PH28 – Dynamic Structures & Vehicles 

Due to overall complexity and/or low value benefit and importance the following 10 use cases (and 

their associated functional requirements) are considered out of scope in this first iteration of the IFC 

for ports & waterways extension. 

• PH02 – Import of Alignment and Major Parameters 

• PH11 - Multi-discipline Design Modelling (Full Model Logic) 

• PH12- -Structural Analysis 

• PH13 – Code Compliance Checking 

• PH14 – Drawing Generation 

• PH15 – Prefabrication & Manufacturing 

• PH20 – Fluid Mechanics Analysis 

• PH26 – Risk Assessment 

• PH27 – Ship Lock Operation 

• PH29 – Digital Twin 

It is emphasized that the exclusion from this first iteration of work does not infer that these use cases 

are not relevant to our domain and could be covered by future iterations of the IFC for ports & 

waterways extension. 



 
 

© buildingSMART InfraRoom page  
 33 

It is noted that not every use case involves a substantial block of work due to existing functionality 

within the current iteration of IFC and the generic nature of some use cases. Use cases; PH03, PH04, 

PH05, PH06, PH07 and PH10 are considered existing functionality within the IFC therefore only require 

minimal validation and review to check they meet the maritime domain application of these generic 

process blocks. 

Also, PH18 and PH28 have been identified as new use cases that are generic/common across all 

infrastructure domains and have so been identified for collaborative development by the IFC Bridge, 

IFC Road and IFC for ports & waterways teams to ensure a homogeneous application. Refer to the 

common Schema project for further information. Current working setup has PH18 – Geotechnical 

design & analyses is being led centrally by the common schema project, while it is anticipated that the 

ports & waterways project will lead on PH28 Dynamic Structure & vehicles with input, requirements 

and consultation from other projects through common schema network. 
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4 GEOMETRY & PLACEMENT 
Within the area of geometry and visualization of construction projects and asset models, there are 2 

specific areas that need to be addressed. These are the representation of the geometry addressed in 

section 4.1 and the different contexts that are applied to these geometric representations addressed 

in section 4.2 

4.1 GEOMETRY REPRESENTATION 

Within the subject of geometry representation, we have 3 base types of that need to be considered: 

• Explicit Geometry – defined by the explicit description of points, lines, surfaces and associated 

construction definition. Primarily for visualization. 

• Procedural Geometry – geometry defined by parameters, rules & constraints which are used 

to generate or derive explicit geometry for visualization. 

• Specialist Representations – e.g. string lines, analytical geometry etc. 

All have their own uses and advantages and are required in some degree by a variety of defined use 

cases. Explicit geometry is necessary for visualization, quantity take off and physical collision detection. 

Procedural geometry is an important aspect of design to design transfer and the definition of complex 

or linear (alignment) based structures. Within the domain of ports & waterways there is a requirement 

to represent and exchange multiple types of explicit geometry covering both the definition of natural 

& build elements. In addition, there is a requirement for procedural geometry  

4.1.1 Explicit Geometry 

Within explicit geometry, there are essentially 3 requirements for the representation and exchange of 

ports & waterways geometric data: 

o Representation of terrain surfaces 

o surface descriptions for Layered structures 

o Body representations for solid geometry 

Representation of terrain is critical within the ports and waterways domain as it is required for the 

definition of both the existing starting conditions and the final target/built conditions. These conditions 

have a fundamental impact on the design, maintenance requirements and operational capacity of 

facilities. The representation must be suitable for both wet and dry terrain (the seabed or the land). 

The most suitable candidate for this requirement is the use of triangular irregular networks (TIN) 

definitions currently available within IFC 4.1 and other standards such as InfraGML or LandXML. 

Surface descriptions are required for the visualization & QTO of structures such as breakwaters 

embankments, revetments. These structures are designed via the extrusion of cross section over an 

alignment. To be able to natively visualize and calculate volumes the parametric geometry needs to be 

converted to an explicit surface description. These surfaces can be represented as simple face sets or 

a more complex TIN surface. 

Body representations and solid geometry filled by BREPs & NURBs are required for the definition of 

Ports & Waterways structures & components. 
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4.1.2 Procedural Geometry 

Procedural geometry is required when there is a need to define structures using complex or simple 

alignments for examples road access, internal complex bridges and linear defensive structures ( dikes, 

breakwaters or levees). The use of parametric based geometry over complex explicit geometry reduces 

file sizes and facilitate better exchanges. The ability to transfer these parameters is a useful feature 

allowing the transfer of design intent and design performance. The IPW team will not be implementing 

the fully parametric functionality within the extension (as illistrated by the out of scope use case on 

design to design full model logic) as this is a very complex and extensive feature area, which current 

resources will not allow. On the other hand the inclusion of derived/generated explicit geometry and 

the driving parameters is a sought after feature requirement. 

4.1.3 Placement 

Within the scope of IPW there is a requirement for 2 distinct types of placement and location 

mechanisms. These are: 

1. Grid based Cartesian placements 

2. Alignment based linear placements 

The placement structures within an IFC model are inherently tied to some part of the spatial structure 

to allow the traversal of relative placements to the singular global co-ordinate context. There is a 

requirement to use both placement systems in a harmonized way for both complex based projects 

such as container ports or network-based projects such as canal & river systems. Alignment based 

linear placements are required for 2 situations linear structures such as breakwaters, and dikes and 

linear facilities such as canals which will behave in much a similar manner as roads. The IPW project 

has also the requirements for grid-based placement to handle buildings, paved areas, and 

manufacturing areas. 

4.2 GEOMETRY CONTEXT 

Geometric contexts refer to the collective semantic meaning of an expressed geometry. Within the 

IPW project there is a requirement to handle many different types of kinematic structures and vehicles 

both for operational and design analyses, the visualisation of spatial extends and subsequent context-

based clash & collision detection. The concept of geometric contexts is one of the primary parts of the 

Kinematic vehicles and structures use case. With the IPW project there is requirement to address the 

following geometric contexts: 

• Physical shape/extent – ‘body’ representation 

• Kinematic envelope – the movement zone of an element – ‘clearance’ 

• O&M envelope – the space required to interact and maintain elements 

another context that will not be directly address within the IPW project are the construction envelope. 

In addition to the explicit geometry of the contexts there can also be accompanying parametric 

information associated with it. This information can hold such data around median location of the body 

within the envelope and the path extents of the kinematic envelope. 
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5 MODEL VIEW DEFINITIONS 
The purpose of a model view definition is to provide the software implementation definition for 

particular use cases. In a perfect scenario each use case would have its own associated model view 

definition. This would result in a large amount of definitions and unfeasible workload. Therefore, to 

reduce the complexity of the data model developments, it was decided to map similar use cases to the 

following base Model View Definitions. 

• Ports & Waterways Reference View (PW-RV) 

• Ports & Waterways Design Transfer View (PW-DTV) 

• Ports & Waterways Alignment-based Reference View (PW-ARV) – Out of Scope 

• Ports & Waterways Geotechnical Design & Analyses sub-View (PW-GDAV) – Common Schema 

• Ports & Waterways Asset Management Handover View (PW-AMV) 

• Ports & Waterways Structural & Fluid Analyses View (PW-SFAV) – Partial Scope 

• Ports & Waterways Operational Analyses View (PW-OAV) 

• Ports & Waterways Kinematic Vehicles & Structures Reference View (PW-DRV) 

The relationships between the defined model view definitions (MVDs), the use cases of section 3 and 

the exchange scenarios/models of section 2.3.1 are detailed in Table 9 with the decisions regarding 

the scope of the project highlighted by the cell colours using the following colour coding: 

• Green – IN scope 

• Red – OUT of scope for this development 

Table 9 Model View Definitions (MVD) relations to use cases and exchange models 

MVD Id. Model View Definition Use Case(s) Exchange Models 

PW-RV PH Reference View 

PH01 Initial State Modelling IE06-08 

PH03 Visualization IE15, IE26, +2 

PH04 Coordination & Collision Detection IE09-15, IE20-26 

PH05 4D Modelling IE12-13, IE24-25 

PH06 Quantity Take-Off (Cost Modelling)1 IE02-03, IE12, IE14, IE23, IE25 

PH07 Progress Monitoring -- 

PH08 As-Built vs. As-Designed Comparison IE28 

PH10 Multi-discipline Design Modelling (RM) 
IE01, IE03-09, IE11, IE15, IE18, 
IE20, IE22, IE26, IE30-36 

PH19 Master Planning IE01-02, IE04 

PW-RTV PH Design Transfer View 
Equivalent to PH-RV Equivalent to PH-RV 

PH11 Multi-discipline Design Modelling (FML) -- 

PW-ARV PH Alignment-based Reference View 
Equivalent to PH-RV Equivalent to PH-RV 

PH02 Alignment and Major Parameters -- 

PW-GDAV 
PH Geotechnical Design & Analyses 
sub-View 

PH18 Geotechnical Design & Analysis 
IE04, IE06, IE10, IE18-19, IE21 

PW-AMV PH Asset Management Handover View 
PH09 Handover IE28 

PH30 Operations & Maintenance  

PW-SFAV PH Structural & Fluid Analyses View 

PH12 Structural Analysis IE34 

PH20 Fluid Mechanics Analysis IE35 

PH23 Wave Impact Analysis IE36 
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MVD Id. Model View Definition Use Case(s) Exchange Models 

PW-OAV PH Operational Analyses View 

PH16 Energy & Emissions Analysis IE30 

PH17 Capacity Analysis IE31 

PH21 Mooring Analysis IE33 

PH24 Navigation Analysis IE32 

PH25 Logistics Planning & Simulation IE31 

PH26 Risk Assessment --3 

PH27 Ship Lock Operation --3 

PW-DRV 
PH Kinematic Vehicles & Structures 
Reference View 

PH28 Dynamic Structures & Vehicles -- 

-- Specialized Cases 

PH13 Code Compliance Checking --3 

PH14 Drawing Generation --3 

PH15 Prefabrication & Manufacturing  

PH22 Model Aided Machine Control  

 

NOTES 

1. PH06 Cost Modelling requires a ‘quantified’ Reference View model. 

2. PH04 Visualization only explicitly linked with IE15 & IE26 but is implicitly relevant (but not 

limited to) to all exchange models within the PH Reference View & PH Design Transfer View. 

3. Use case identified as out of scope therefore no explicit exchange model has been identified 

and developed.  

 

5.1 Ports & Waterways Reference View 

The IPW reference view will seek to extend the existing IFC reference view for the purpose of a 

reference model transfer. This will include current IFC elements and the additional ports & waterways 

elements defined within the proposed extension. to cover any additional domain objects defined 

within the IPW IFC extension. Geometry will include primarily boundary representation geometry and 

associated parameter requirements to limit the geometric processing requirement for the view 

definition. Placement will be limited to cartesian co-ordinate systems, with the addition to transfer 

station information. This is so that existing IFC viewers without the complex functionality requirement 

of the Alignment standard will still be able to process and view IPW files. 

 

5.2 Ports & Waterways Asset Management Handover View 

The IPW asset management handover view is primarily for asset & facility managers and contains the 

primary physical/spatial structure and specific semantic information. This information set focuses on 

the management of the asset, the performance/capacity of the asset and the maintenance 

specification. The need to define an international base definition for this information set is a central 

requirement of the project and aims to meet the requirements set out in section 2.1. 
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5.3 Ports & Waterways Structural & Fluid Analyses View 

The IPW structural & fluid Analyses view is defined to accommodate the collection of analytical uses 

cases defined within this project. Due to the factor that only wave impact analysis is set as in scope for 

this project the definition of this use case will be limited to this. this will include the transfer of 

environmental information via a wave/weather rose and outline geometric shapes of wave impacting 

structures such as breakwaters, canals & quays along with structure properties and loading outputs. 

 

5.4 Ports & Waterways Operational Analyses View 

The IPW operational analyses view is a grouping of analytical uses around the simulation and analysis 

of operational tasks. Therefore, the view includes the upper level spatial layout of the complex or 

network and includes property sets around performance and capacity, with the logistical connectivity 

of the spatial elements. In addition, the view also contains exchange requirements for mooring analysis 

which includes mooring point geometry layouts, vehicle class specifications, weather rose data & and 

output loading and performance data. Lastly, the view covers the energy and emissions analysis of 

operational equipment within the complex or network, this requires energy and emissions properties 

connected to vehicles and spatial areas along with the performance data mentioned previously. 

 

5.5 Ports & Waterways Kinematic Vehicles & Structures Reference View 

The IPW kinematic vehicles & structures  reference view is a small add-on MVD providing additional 

implementation requirements for the representation of kinematic envelopes and path definitions and 

properties. The goal is to make the lowest implementation level of this MVD compatible with the 

reference view so that no additional functionality will be required to view the contextual geometry. 

Analytical related implementations (e.g. swept path analysis) require vehicle/structure envelope 

parameters to describe the clearance envelope. Advanced visualization related implementations will 

be able to perform contextual clash detection and animation of kinematic envelopes using the path 

definitions and properties. 
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6 CONCLUSION 
This report presents the results of the IFC for Ports & Waterways WP2 Requirements Analysis. 

Following the completion of the project execution plan during WP0, this requirements analysis report 

was completed to detail and define the requirements for IFC for ports and waterways schema 

extension development in WP3. In addition, the report lays out the relationships to common work 

being conducted within the infrastructure room and the use of spatial, geotechnics and kinematic 

structures work along with interoperability between the other domains of bridges, road & railways. 

The scope statement outlines 5 key asset information requirements working to support a fuller 

spectrum of asset management than previously documented in the BuildingSMART FM Handover MVD 

by addressing non-product assets, such as the complex, the discrete facilities within the complex and 

the functional systems. 3 primary information breakdown structures, namely spatial, physical & 

process were identified with requirements focusing on the spatial composition and physical asset 

models that need to be exchanged, 5 other breakdowns are identified, and requirements outlined. The 

spatial requirements are still under discussion within the common schema project. It is anticipated 

that a structure will be agreed that forms a common layer allowing interoperability across domains 

with the understanding that domains can be extended to suit the specialised structures of each 

domain. 

Over 60 individual concepts were identified in relation to the IPW domain, these were subsequently 

discussed and with approximately 30 being defined as in scope for this block of work. It is also noted 

that around 10 of these concepts are references to other major domains which exist as components 

within a give ports & waterways complex/network. 

The IPW process maps where developed from national and organisational contributions and are 

composed of an overview process that acts as a pre cursor to the detailed domain process maps which 

addresses all 8 stages defined under CIC. The process maps outline 6 key actor groups which contain 

16 different actors which operate through the lifecycle of an asset. From the process maps 38 exchange 

scenarios where identified and 27 where considered in scope in relation to the defined use cases. 

The analysis identified 30 use cases which where prioritised against an impact and complexity criteria 

and subsequent feedback from the expert panel has led to the selection of 19 use cases as in scope 

priorities, It is important to note that 6 of these use cases are considered existing functionality within 

the schema and a further 2 cases are under the purview of the common schema project. 

The requirements around geometry & placement focus on the 2 primary geometry representations 

and 2 primary placement approaches currently within the IFC and lays out the current capability and 

requirements of the IFC. In addition, geometry context forms a key part of the requirements around 

coordination and collision detection and kinematic structures a high priority case within the domain of 

ports & waterways. 

Lastly this report outlines the 8 possible model view definitions and settles on 5 as in scope. these are: 

Ports & Waterways Reference View (PW-RV); Ports & Waterways Design Transfer View (PW-DTV); 

Ports & Waterways Asset Management Handover View (PW-AMV); Ports & Waterways Operational 
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Analyses View (PW-OAV); Ports & Waterways Kinematic Vehicles & Structures Reference View (PW-

DRV). 

The Next steps of the project will focus on taking the outputs from this requirements analysis report, 

namely the identified use cases, taxonomy, exchange requirements and model view definitions and 

work through the next 3 major work packages. These packages cover the primary technical 

development of the IPW schema extension and associated model view definitions, the documentation 

required to present the extension and example models to demonstrate the implementation. The 

technical development will follow a 3-stage process. Firstly, the taxonomy (and associated hierarchies) 

will be concluded and fed into the development of a conceptual schema. Next, the full EXPRESS 

extension will be developed from the conceptual model. Lastly, the defined model view definitions will 

be generated using the new extension as the base 

In conclusion the IPW team recognises that the requirements captured within this report and the 

subsequent IPW V1.0 development does not represent/implement the entire continuum of 

requirements but will attempt to cover as much as possible within the resource constraints of the 

project. The IPW team therefore acknowledge that further development will need to be considered in 

the bSI InfraRoom. 

  



Figure 9 Ports & Waterways enlarged Overview Process Map
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ANNEX 1: PROCESS MAPS



Figure 10: IFC for Ports & Harbours Detailed Process Map

Figure 10: IFC for Ports & Harbours Detailed Process Map
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ANNEX 2: USE CASE PROFORMAS 
 

PH01 – Initial State Modelling 

PH02 – Import of Alignment and Major Parameters 

PH03 - Visualization 

PH04 – Coordination and Collision Detection 

PH05 – 4D Modelling 

PH06 – Quantity Take-Off (Cost Modelling) 

PH07 – Progress Monitoring 

PH08 – As-Built vs. As-Designed Comparison 

PH09 - Handover 

PH10 – Multi-discipline Design Modelling (Reference Model) 

PH11 - Multi-discipline Design Modelling (Full Model Logic) 

PH12- -Structural Analysis 

PH13 – Code Compliance Checking 

PH14 – Drawing Generation 

PH15 – Prefabrication & Manufacturing 

PH16 – Energy & Emissions Analysis 

PH17 – Capacity Analysis 

PH18 – Geotechnical Design & Analysis 

PH19 – Master Planning 

PH20 – Fluid Mechanics Analysis 

PH21 – Mooring Analysis 

PH22 – Model Aided Machine Control 

PH23 – Wave Impact Analysis 

PH24 – Navigation Analysis 

PH25 – Logistic Planning & Simulation 

PH26 – Risk Assessment 

PH27 – Ship Lock Operation 

PH28 – Dynamic Structures & Vehicles 

PH29 – Digital Twin (No Proforma late addition) 

Scope is indicated on the title box via GREEN for IN SCOPE and RED for OUT SCOPE. 

NOTES 
1. Semantic Representation concerns the Entity definitions and possible associated properties, 

this data is not an exhaustive list of all information within the use case, rather it is the required 

information sources from other engineering disciplines to be consumed, or the information 

(both contractual and/or informative) produced to pass to other engineering disciplines. 

2. Code List Options -> HIGH, MEDIUM, LOW. 
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PH01 - Initial State Modelling 

Identification 

Project O. Arch Bridge IHP 

Identifier OA14 BR01 PH01 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of the 
use case and its objective 

Initial data (terrain, soil, existing structures etc.) from various GIS (and 
other sources) are brought into BIM space and can then be exchanged 
using IFC to future stages. 

Extensions 
(If Applicable) 
In the Event of use case reuse 
short description of 
necessary extensions 

Geology, subsurface features, hydrology, bathymetry, environmental 
constraints from statutory assessment, meteorological and 
oceanographic, available utilities. 

Complexity (Note 2) Low Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 
The geometric definitions needed to 
represent and define the context of the 
geometric extent of entities in the use case. 

Metoceanographic parameters 

• Current (magnitude, direction, return period). 

• Wave (magnitude, direction, return period). 

• Wind (magnitude, direction, return period). 

• Sea Level (typically a 3-month monitoring period 
(minimum) to determine lowest astronomical 
tide). 

Environmental parameters 
(to represent data collected and limits enforced – 
samples, species observed etc).  

Faceted boundary representation 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

  

Exchange Scenarios 

Sender Receiver 

Survey App Design App 

Surveyor Environmental Engineer 

Environmental Engineer Maritime Engineer 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Topographic Surveyor 

• Bathymetric Surveyor 

• Utility Surveyor 

• Meteorological and Oceanographic Surveyor 

• Environmental Surveyor 

• Geotechnical Surveyor 

• Environmental Engineer 

• Geotechnical Engineer 

• Maritime Engineer 

• M&E Engineer. 

Process Diagram 
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PH02 - Import of Alignment 
and major Parameters 

Identification 

Project O. Arch Bridge IHP 

Identifier -- BR02 PH02 

Relation -- Source Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Alignment and major parameters of the service defined by the alignment 
(e.g road, rail, breakwater etc) is Imported into a coordinated model. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Based on bridge implementation adapted to a hosted structure within a 
complex. Applied to geometric description of linear marine structures such 
as breakwaters or complex retaining walls. 

Complexity (Note 2) Low Priority (Note 2) Low 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 
The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

Navigational channel alignment. 
Breakwater alignment. 
Retaining wall alignment. 
Other complex shapes. 

Alignment & parameters (Line Strings), swept 
cross sections 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

 

Exchange Scenarios 

Sender Receiver 

Survey App Design App 

Operations App Design App 

Designer Constructor 

Constructor Operator 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

Design to design use case – all within ‘Maritime Engineer’ 

• Navigation expert 

• Dredging expert 

• Breakwater expert.  

Process Diagram 
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PH03 - Visualisation 

Identification 

Project O. Arch Bridge IHP 

Identifier OA01 BR03 PH03 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

3D technical visualization of the infrastructure project for communication 
of design solutions within project team and to third parties including the 
public. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Considered a generic process & use case but will require the functionality 
to handle any new maritime product types & geometric representation 
methods. EXISTING FUNCTIONALITY  

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

Semantic data revolves around the 3-

dimensional definition (geometry) and the 

presentation rendering (surface cover, colour or 

texture) 

• IfcProduct (physical Objects) 
o Associated Geometry 
o Associated Style 

Representations 

• IfcMaterial 
o Implicit inference of colour and 

texture 

• IfcStyleRepresentation 

Tesselated Boundary Representation linked to a 

defined context. 

 

• Primary Context Physical Shape 

• Secondary Contexts 
o Spatial zones 
o Dynamic movement 

visualization 
o kinetic envelope & path 

visualization 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App 

Visualization App 

Augmented Reality 

Virtual Reality 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Design Engineer 

• Visualization Specialist (inc. VR/AR) 

• Client 

• Other Third Parties (Public consultation, Facility users etc.) 

Process Diagram 
 

 

Design 
Development

•Geometric Shapes 
(spatial/physical)

•Surface textures 
and Materials

Generate 
Presentations

•3D & 2D 
renderings

•AR/VR 
Environments

Delivery To 
Audiences

•Virtual 
Platforms

•Physical 
Platforms
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PH04 - Coordination & 
Collision Detection (C&CD) 

Identification 

Project O. Arch Bridge IHP 

Identifier OA02 BR04 PH04 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Federation of engineering domain models and work segmented models 
for detection of interferences (clashes), and overall spatial management 
of the complex. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Considered a generic process & use case but will require the functionality 
to handle any new maritime product types & geometric representation 
methods. The C&CD of Dynamic geometric contexts to be considered for 
inclusion. EXISTING FUNCTIONALITY 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to 
be represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

Semantic data required is limited as C&CD 

primarily requires geometric data. Semantic 

data on Dynamic structures.  

• IfcProduct (physical Objects) 

• Associated Geometry 
 
C&CD Project or Regulatory rule sets. 

Tesselated Boundary Representation 

Linked to a defined Geometrical Context. 

 

• Primary C&CD Physical Shape/Extent 

• Advanced C&CD analyses  
o Kinetic Envelope -the movement 

zone of the products 
o O&M Envelope – space required to 

interact with & maintain products 
o Construction Envelope – aka 

Constructability 
o kinetic envelope & path 

visualization 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App 
Coordination App 

Collision Analysis App 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Designer (information Creator aka source) 

• Coordinator (the Federator and analyser) 

• Team Managers (size dependant) 

Process Diagram 
 

 

Federation of 
Models

•Design Discipline models

•C&CD rule set

Analysis

•spatial clashes

•Coordination issues

Review

•Feedback of analysis 
results
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PH05 - 4D Modelling 

Identification 

Project O. Arch Bridge IHP 

Identifier OA03 BR05 PH05 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

4D integration and visualization of construction schedule, to allow 
optimization and review. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Considered a generic process & use case but will require the functionality 
to handle any new maritime product types & geometric representation 
methods. EXISTING FUNCTIONALITY 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

Semantic data revolves around the implicit 

products with 3D geometry and the 

decomposition of the process to construct the 

project.  

• IfcProduct (physical Objects) 
o Associated Geometry 

• IfcProject 
o Macro properties on start and 

finish timings 

• IfcTask 
o Scheduled, late, early & actual 

variations for: 
▪ Start 
▪ Finish 
▪ Duration 

o Completion 
o Resource Assignment 

 
Context (Time) based Teselated Boundary 
Representation 
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Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Survey App Design App 

  

Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Planner (primary task owner) 

• Labour Database (or similar data ‘rule of thumb’ data for task 
durations and resource availability) 

• Designer 

Process Diagram 
 

 

Construction 
Plan 

Development

•Input Design 
Model

•Labour 
Database

Linking Of 
Models

•Constrol 
assignment 
relationships

4D Analysis



 
 

© buildingSMART InfraRoom page  
 54 

PH06 - Quantity Take Off 
(Cost Modelling) 

Identification 

Project O. Arch Bridge IHP 

Identifier OA04 BR06 PH06 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Determine quantities (volumes, surfaces & instances) to generate 
integrated Bill of Quantities and connected costing model. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

EXISTING FUNCTIONALITY - Considered a generic process & use case but 

will require the functionality to handle any new maritime product types & 

geometric representation methods. 

In addition Differential earthworks Quantities are yet to be included 

Managed Via Common Schema (TBC) 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

Semantic data revolves around the implicit 

products with quantity data. Additional data 

includes decomposition of a derived cost model 

 

• IfcProduct (physical Objects) 
o Associated Quantities 
o Volume 
o Area 
o Length 
o Weight 
o Count 

• IfcProject 

• IfcCostItem 
o Labour Cost 
o Plant Cost 
o Materials Cost 
o Resource Assignment 

 

Tesselated Boundary Representation – used 

when software derives the quantities from 

these gemetric primitives. 

 

Implicity geometrical Quantities (mimimum 
Requirement) 
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Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App Cost/Impact app 

  

Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Estimator 

• Designer 

• Project Manager 

Process Diagram 
 
Model Evolution 

 
 
 

 
 

Conceptual 
Estimate

Updated 
Estimate

Final 
Estimate

Quantities 
Extraction

Develop 
Estimate

Review
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PH07 - Progress Monitoring 

Identification 

Project O. Arch Bridge IHP 

Identifier OA10 BR07 PH07 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Information tracking the progress and completion of the construction 
schedule to visualise, for communication with third parties or conduct 
earned value analysis. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

EXISTING FUNCTIONALITY - Considered a generic process & use case but 

will require the functionality to handle any new maritime product types & 

geometric representation methods. 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent 
and define the context of the geometric extent 
of entities in the use case. 

Semantic data is like 4D modelling but focuses on 

the recording of completion & actual timings for 

further analysis and presentation of progress 

• IfcProduct (physical Objects) 
o Associated Geometry 

• IfcProject 
o Macro properties on start and finish 

timings 

• IfcTask 
o Scheduled & actual variations for: 

▪ Start 
▪ Finish 
▪ Duration 

o Completion 
o Resource Assignment 

• For EVA: 
o Associated Cost Items 

 

Tesselated Boundary Representation 

 

Options: 

Colour coded context based on completion 
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Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Progress Capture App Coordination App 

  

Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Site Engineer 

• Project Manager 

• Cost Administrator 

Process Diagram 
 

 

Capture of 
Construction 

Progress

•3D point Clouds

•Resource 
Allocation Reports

•Task Monitoring

Processing & 
Connection

•interpritation of 
progress data into 
integrated model

Analysis & 
Review

•Progress Review

•Earned Value 
Analysis

•Construction 
Efficiency
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PH08 - As-Built vs. As-Planned 
Comparison 

Identification 

Project O. Arch Bridge IHP 

Identifier OA11 BR08 PH08 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Comparison of As-Built/Record model to as-planned models for quality 
control and construction validation. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

• Ifc Project 
o Name, description, classification 

▪ Planned and Record: 
o Ifc Site 

Spatial zoning, operational 
pathways 

o Ifc Facility 
Assets, terrain 

 
Point Clouds 
Tesselated Boundary Representation 
Implicit description 
Topographical surface representation 
Spatial boundary relationships 

o  

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App 
Coordination App 

Simulation App 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Design Engineer 

• BIM Modeller 

• Constructor 

• Coordinator 

Process Diagram 
 

 

Design 
Engineering

•Analysis of 
elements

BIM 
Modelling

•Modelling of 
designed 
elements

Record 
Model

•Updating 
design model 
to as 
constructed

Planned 
against 
Record

•Coordination of 
planned against 
Record

•Quality control

•Construction 
validation
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PH09 - Handover 

Identification 

Project O. Arch Bridge IHP 

Identifier 
OA12; 
OA13 

BR09; 
BR10 

PH09 

Relation Variant S Variant R Variant R 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Development of Delivery Asset Information to Statisfy client and statutory 
Requirements, has 2 major transport types Asset based (Systems, Zones 
and Workplans for FM), and GIS based (Navigational Mapping etc.) 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

New product types 

Complexity (Note 2) Medium Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

Ifc Project 

• Name, description, classification 

• Dates and durations 

• Jurisdiction, permit, licence 
Ifc Site 

• Spatial zoning, operational pathways 

• Location, coordinates 
Ifc Facility 

• Assets, terrain 

• Environmental, economic, social 
Ifc Element (Assembly) 

• Name, Description, Classification, ID 

• Geometry, material, performance, 
maintenance, manufacturer etc. 

Ifc Navigation 

• Element location, coordinates, bearing 

• Spatial zoning, operational pathways 

 
Point Clouds 
Tesselated Boundary Representation 
Implicit description (spatial geometry) 
Spatial boundary relationships 
Topographic surface representation (contours, 
slope plan etc.) 
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Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App 
COBie FM App 

GIS App 

Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Design Engineer(s) 

• BIM Modeller(s) 

• Constructor 

• Owner/Operator 

• Facilities Manager 

Process Diagram 
 

 

Design 
Engineering

•Analysis of 
elements 
incorporating 
performance, 
material etc.

BIM 
Modelling

•Incorporation of asset 
information to enable COBie 
output for integration into FM 
system such as location, 
coordinates, spatial zoning, 
operational pathways etc.

Asset 
Information 

Model

•Updating 
design model to 
as constructed

Facility 
Management

•Integration of 
COBie data 
information 
into FM system

•GIS based 
Navigational 
Mapping etc.
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PH10 - Multi-discipline Design 
Modelling (Reference Model) 

Identification 

Project O. Arch Bridge IHP 

Identifier OA08b BR11 PH10 

Relation Source Ref V Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

The sequencial and concurrent development of design models, based on 
the ability to exchange models from concurrent activities or previous 
stages as a reference model, allowing limited manipulation. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

EXISTING FUNCTIONALITY - Considered a generic process & use case but 

will require the functionality to handle any new maritime product types & 

geometric representation methods. 

Complexity (Note 2) Medium Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

 

Wholly dependent on project information 
Exchange Requirements but should contain at 
least the main spatial & functional breakdowns 

 

Explicit Boundary Representation 

Limited Procedural Geometry 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App Design App 
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PH11 - Multi-discipline Design 
Modelling Full Model Logic) 

Identification 

Project O. Arch Bridge IHP 

Identifier OA8a BR12 PH11 

Relation Source Ref V Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

3D technical visualization of the infrastructure project for communication 
of design solutions within project team and to third parties including the 
public. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Considered a generic process & use case but will require the functionality 
to handle any new maritime product types & geometric representation 
methods. EXISTING FUNCTIONALITY  

Complexity (Note 2) High Priority (Note 2) Low 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

 
Wholly dependent on project information 
Exchange Requirements but should contain at 
least the main spatial & functional breakdowns 

 

Fully Parametric Description 

 

Phase & Exchange

Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App Design App 
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Process (For both PH10 & PH11) 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Discipline 1 Designer 

• Discipline X Designer 

• Project Coordinator 

Process Diagram 
 

 

Import Design

•Imports from 
previous Stage 
or other 
discipline

Update/Author 
Design 

Elements

Review
•recursive small 

scale C&CD

•Design Approval
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PH12 - Structural Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier OA05 BR14 PH12 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

The structural Analysis of modelled elements such as bridges, retaining 
walls, wharf platforms, dams & locks. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of entities 
in the use case. 

• Ifc Element (Assembly) 
o Name, Description, 

Classification 

• Ifc Loads 
o Dead, Live, Wind, Water 

Pressure, Impact  

 
Primary representation at medial position 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction  

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App Structural App 

  

Process 

Actor Identification 
List of major actors that 
participate in this use case 

• BIM Modeller 

• Structural Engineer 
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Process Diagram 
 

 

BIM 
Modelling

•Modelled 
element library

Structural 
Engineering

•Analysis of elements 
under load / pressure / 
impact
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PH13 - Code Compliance 
Checking 

Identification 

Project O. Arch Bridge IHP 

Identifier OA07 BR15 PH13 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

The Process of reviewing and validating Maritime Structures against 
international & National codes & regulations 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Currently this is a generic process, not yet specific to Ports and harbours, 
to be followed up with stakeholders for specific ports and harbours 
approval types. 

Complexity (Note 2) High Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to 
represent and define the context of the 
geometric extent of entities in the use case. 

• Ifc Project  

o Name, description, classification  

o Dates and durations  

o Jurisdiction, Permits and licences 

o Existing and intended: 

▪ Ifc Site and spatial zoning and 

operational pathways 

▪ Ifc (Facility) including terrain 

and assets 

▪ Social, environmental and 

economic profile. 

 
Implicit Description 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design Engineer/ 
Sponsor/ Constructor 

Authority 

Authority 
Design Engieer/ 
Sponsor/ Constructor 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Design Engineer/ Sponsor/ Constructor 

• Authority 

Process Diagram 
 

 

Existing & 
intended 
situation

•Project & 
process

•Site & zoning

•Facility & assets

Authority
•Criteria

•Social

•Economic

•Environmental

Response
•License

•Requirements
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PH14 - Drawing Generation 

Identification 

Project O. Arch Bridge IHP 

Identifier OA06 BR16 PH14 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Derivation of drawings and construction documentation that meet 
local/national regulations. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Derivation of drawings and construction documentation that meet 
local/national regulations. 

Complexity (Note 2) High Priority (Note 2) Low 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to 
represent and define the context of the 
geometric extent of entities in the use case. 

• Ifc Project 
o Name, description, classification 
o Dates and durations 
o Jurisdiction, permit, licence 

• Existing and proposed: 
o Ifc Site 

• Spatial zoning, operational 
pathways 

o Ifc Facility 

• Assets, terrain 
o Environmental, economic, social 

 
Tesselated Boundary Representation 
Additional Drawing Information 
Topographical Surface Representation 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App Authority 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Design Engineer 

• Authority 

Process Diagram 
 

 

Design 
Engineering

•Existing and proposed situation

•Project and process

•Site zoning

•Facility and assets

Authority

•Criteria

•Environmental

•Economic

•Social
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PH15 - Prefabrication & 
Manufacturing 

Identification 

Project O. Arch Bridge IHP 

Identifier  BR17 PH15 

Relation  Source Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Use of model information for the control and automation of production 
machines, in an offsite manufacturing setting. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to 
represent and define the context of the 
geometric extent of entities in the use case. 

• Ifc Project 
o Name, description, classification 

▪ Ifc Element (Assembly) 
o Name, Description, Classification, ID 

• Geometry, penetrations, depth, material etc. 

• Ifc Manufacturing Sequence 

• Dates and duration 

 
Boundary Represention 
Implicit Description 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Analysis App Design App 

Design App Machine Console 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Design Engineer 

• BIM Modeller 

• Machine Operator 

Process Diagram 
 

 
 

Design 
Engineering

•Analysis of 
elements 
incorporating 
pentrations, 
material etc.

BIM Modelling
•Incorporation of 
manufacturing 
sequencing 

Machine 
Automation

•Geometry, 
pentrations, 
material

•Manufacturing 
sequence
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PH16 - Energy & Emissions 
Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier -- -- PH16 

Relation  -- Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Analysis of operable equipment and components in relation to energy 
comsumption and environmental emissions for improvements in 
operation time & cost and master planning of facilities. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Vehicles and dynamic structures 
definintion environmental propertySets 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

• Moving structure envelope. 

• Facility Throughput including: 
o makeup of vehicle/plant fleet 

modal split etc. 
o plant movement per annum 
o working days per annum 
o shift pattern etc 
o peak throughputs 
o plant speed of operation 
o plant efficiency/fuel consumption. 

 
implicit Description (spatial geometry) 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App Analysis App 

Environmental Engineer M&E Engineer 

Environmental Engineer Master planner 

Operator  M&E Engineer 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Utility surveyor (what is there may impose limits) 

• M&E engineer 

• Master planner/ Materials handling engineer 

• Operator 

• Environmental Engineer 

Process Diagram 
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PH17 - Capacity Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH17 

Relation   Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Preparation of the spatial, physical and process information for capacity 
simulation. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

New Ports & Harbours Product Types 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent 
and define the context of the geometric extent 
of entities in the use case. 

• IfcTransportElement (Vehicles) 

• Ifc Space (Locations) 
o Capacity (teu, volume, mass) 

o Time to fill 

o Time to unload 

o Input Connectivity to other vehicles 

or locations  

o Output connectivity to other vehicles 

or locations  

 
implicit Description (spatial geometry) 
 
Spatial Boundary relationships 
Entity connection relationships 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App 
Analysis App 

Simulation App 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Vehicle specifiers 

• Site planner/ Design engineer 

• Owner/ operator 

Process Diagram 
 

 

Vehicles & 
Locations

•Capacity

•Fill time

•Unload time

Connectivity
•Vehicle to space

•Vehicle to 
vehicle

•Space to vehicle

Analysis
•Capacity

•Flexibility
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PH18 - Geotechnical Design & 
Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH18 

Relation   Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Analysis and Design for geotechnical components involved in the 
modification (Cut & Fill), Strengthening & creation of Geotechnical 
elements. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Coordinated on behalf of Common Schema   

Complexity (Note 2) Medium Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be represented for 
information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed 
to represent and define the 
context of the geometric extent 
of entities in the use case. 

• IfcGeographicElement 

o Name, description, classification 

o Status: context/existing/intended 

o IfcStrataElement: TERRAIN / SUBSERFACE /  

▪ Pset / MaterialComposition / 

MaterialLayerSet by volume 

• Air/water/silt/sand/clay/rock/bio 

▪ Qset Quantities 

• PlanArea/TopArea/Volume 

▪ Pset Uncertainties (95% confidence) 

• DepthUncertainty 

• PlanUncertainty 

o IfcWaterElement SURFACE / SUBSURFACE 

▪ Pset Hydro Dynamics 

• TidalRange (linear) 

• AnnualRange (linear) 

o IfcStrataAssembly: BOREHOLE / OTHER 

• Boundary 
Representation 
(Designed Elements) 

• Topographic Surface 
Representation 
(Conditions) 

• Contour (plan) 
representation 

• Slope (plan) 
representation 

 
Advice: Boreholes are 
assemblies of strata elements 
Advice: Strata (Soil) have 
regionally specific 
classification.  
Advice: Strata (Soil)  
Advice: Strata capacity 
properties to be added. 
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Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Survey App Design App 

Design App 

Mapping / as built 

Simulation 

Construction planning 

Process 

  

Actor Identification 
List of major actors 
that participate in this 
use case 

• Geo library/ Surveyor 

• Design engineer (2D and 3D) 

• Constructor 

Process Diagram 
 

 

Existing 
Strata

• Boreholes

• Surveys

• Mapping

Design 
Engineering

• 2D

Intended 
Strata

•Construction

•Mapping

•Simulation
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PH19 - Master Planning 

Identification 

Project O. Arch Bridge IHP 

Identifier -- -- PH19 

Relation -- -- Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

The Representation of the initial spatial structure of the Port and Facilities. 
Includes the concept of Optioning the different scenarios and layouts. 
Draws information from capacity and existing state modelling. Forms the 
most effective general arrangement 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Spatial Representations, operational and performance property sets. 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

Volumes with associated serviced requirements 
(shipyard e.g. would be a hull shop – volume for 
panel line with associated power demand, 
access for materials etc) – or perhaps a better 
example would be something more marine and 
less building oriented.  

• Interaction with quantity surveying.  

 
Implicit Description 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Survey Data Apps Planning App 

Planner Maritime Engineer 

Planner Quant Surveyor 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Design Engineer 

• Visualization Specialist (inc. VR/AR) 

• Client 

• Other Third Parties (Public consultation, Facility users etc.) 

Process Diagram 
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PH20 - Fluid Mechanics 
Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH20 

Relation   Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Analysis and decision making around the fluid effects on maritime 
structures for effective & efficient design of structures. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Flow status of water delivery gallery of ship lock gate. 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

  
Analytical Model derived from implicit 
Description or Boundary Representation 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

Exchange Scenarios 

Sender Receiver 

Design App Fluid Mechanics App 
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PH21 - Mooring Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier -- -- PH21 

Relation -- -- Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Design and Analysis of mooring strategy to improve productivity and 
operational efficiency using model information for planning a vessel's 
mooring arrangement and assessing the adequacy of a terminal's mooring 
facilities. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

managing the mooring while vessel at the berth. 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to 
represent and define the context of the 
geometric extent of entities in the use case. 

Metoceanographic parameters 

• Current (magnitude, direction, return period) 

• Wave (magnitude, direction, return period) 

• Wind (magnitude, direction, return period) 

• Sea Level (typically a 3-month monitoring 
period (minimum) to determine lowest 
astronomical tide). 

 
Analytical Model derived from implicit 
Description or Boundary Representation 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Site Survey Mooring Design App 

Mooring Design App Operations App 
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Process 

  

Actor Identification 
List of major actors that 
participate in this use case 

• Surveyor 

• Maritime Engineer 

• Operator 

Process Diagram 
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PH22 - Model Aided Machine 
Control 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH23 

Relation   Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Using model information to assist site construction, and the driving of 
onsite manufacting machines such as paving layers etc. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Paving, Dredging, etc. 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

  

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App Construction Machine Console 
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PH23 - Wave Impact Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier OA01 BR03 PH03 

Relation Source Ref Ref 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Using model information for wave Impact analysis, such as breakwater 
strength and overtopping, to improve or validate design. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

overtopping waves acting on breakwater. 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

•   
Analytical Model derived from implicit 
Description or Boundary Representation 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation  

 

Exchange Scenarios 

Sender Receiver 

Design App Wave Impact App 
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PH24 - Navigation Analysis 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH24 

Relation   Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Usage of model information for navigation analysis. To check the 
operational navigation of Port in addition to visibility and distance checks 
for navigational marks and beacons. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

visibility distance of navigation mark, and beacon. 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

• Navigational channel alignment and 
bathymetry (including aids to 
navigation) 

• Breakwater alignment 

• Graphical representation of quay line 

• Metoceanographic information (waves, 
current, wind) 

 
Analytical Model & context based boundary 
representations 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App GIS App 

Design App Navigational Simulation App 

 

Identification 
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PH25 - Logistic Planning 
Simulation 

Project O. Arch Bridge IHP 

Identifier   PH25 

Relation   Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Usage of model information for logistic planning simulation. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

It can be used for; evaluating capacity of container yard, assessing the 
efficiency of horizontal transport vehicles, port loading and unloading 
equipment, and berthing number calculation. 

Complexity (Note 2) Low Priority (Note 2) High 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

•   
implicit Description (spatial geometry) 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App 
Planning App 

Operational Simulation App 
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PH26 - Risk Assessment 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH26 

Relation   Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Use of model information for risk evaluation, e.g. assessment of fire safety 
and evacuation routes. It can be used for smoke and fire propagation, 
planning of escape routes, impact of fire on the structures, simulation of 
traffic flow. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

smoke and fire propagation, planning of escape routes, impact of fire on 
the structures, simulation of traffic flow 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

•   

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App Risk Assessment App 

Risk App Operations App 
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PH27 - Ship Lock Operation 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH27 

Relation   Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Usage of model information for operation, e.g. ship lock operation. 

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

ship lock operation. 

Complexity (Note 2) Low Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent and 
define the context of the geometric extent of 
entities in the use case. 

•   
Context based Tesselated Boundary 
Representation 

 

Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App Operations App 
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PH28 – Dynamic structures 

Identification 

Project O. Arch Bridge IHP 

Identifier   PH28 

Relation   Source 

 

General Information 

Description 
General Description of 
the use case and its 
objective 

Analysis and Design for dynamic structures, including locks, pontoons and 
docks and including vehciles and cargo. Illustration and Detection of 
conflicts and operational issues.  

Extensions 
(If Applicable) 
In the Event of use case 
reuse short description 
of necessary extensions 

Coordinated on behalf of Common Schema 
 
Advice: parametric constraints could be used to model dynamic position 
or orientation of representation or of object.  
 

Complexity (Note 2) Medium Priority (Note 2) Medium 

 

Representations 

Semantic Representation 
The Properties and semantic objects that need to be 
represented for information input and output 
(see Note 1) 

Geometric Representation 

The geometric definitions needed to represent 
and define the context of the geometric extent of 
entities in the use case. 

• Ifc Element (Assembly) (subtypes of) 

o Name, Description, Classification  

o Pset Dynamic Range 

▪ Driven / Controlled / 

Natural / Pathed 

▪ Range x, y, z, pitch, yaw, 

rotation 

o  Ifc Transport Element 

▪ PredefinedType 

additions: ship / road 

vehicle / rail vehicle / 

aeroplane 

o Ifc Context Element 

PredefinedType: cargo / 
person / equipment 

• Primary representation at medial 

position 

Advice: primary representation should be 

consistent with other objects so if lock water is 

shown at the medial position of half height, 

then lock gates should be shown shut. 

 

• ‘Kinematic envelope’ or ‘operating 

volume’ representation including 

extent of full range as a single 3D 

polyhedron 

• ‘Kinematic path’ or ‘operating path’ 

representation as a curve.  

• Plan symbol may be conventional (i.e. 

gates). 
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Phase & Exchange
Project Phase Check 

Brief  

Design X 

Construction X 

Operation X 

 

Exchange Scenarios 

Sender Receiver 

Design App 

Clash & Collision Detection App 

Visualisation App 

Simulation App 

Process 

 

Actor Identification 
List of major actors that 
participate in this use case 

• Design engineer 

• Design coordinator 

• Client / sponsor / Operator 

Process Diagram 
 

 

Known 
Dynamics

Metocean

Transport & 
Equipment 
Libraries

Design 
Engineering

Planned 
pathways

Review
Clash Detection

Visualization

Simulation


