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This document provides a framework for enabling efficient inter-
disciplinary coordination and collaboration for exchanging infor-
mation in both model and nonmodel forms. This report develops 
a process model that identifies the typical workflows during engi-
neering design, planning, and site production of cast-in-place 
(CIP) reinforced concrete. It identifies what information and when 
it is to be shared between disciplines at different stages of CIP 
concrete projects. The process model relates the different disci-
plines that deliver the project, the different phases of the project, 
and the information exchanges that take place. This report will be 
used by building information modeling (BIM) users and software 
developers as a framework for developing shareable model views 
for visualization and coordination of production and placement of 
reinforced concrete.

Keywords: building information modeling; exchange descriptions; infor-
mation delivery manual; task descriptions; work process flow chart.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction
The National BIM Standard – United StatesTM (NBIMS-

USTM 2013) defines standard and efficient terminology and 
semantics to be exchanged in building information models 
to support various business use cases throughout architec-
ture, engineering, construction, and operations projects. The 
project committee responsible for developing the NBIMS-
USTM is a committee of the buildingSMART (2013) alliance, 
a council of the National Institute of Building Sciences.

The NBIMS-USTM establishes the standard process to 
develop the NIBS standard. The process includes four 
phases.

1. Program—Defines information exchange requirements 
that may be standardized by developing process models and 
defining specifications and business rules for each exchange. 
An information exchange is the transfer of data in context 
between various entities along the cast-in-place (CIP) 
concrete supply chain (that is, from the architect to the struc-
tural engineer). In this phase, a process model that identi-
fies the required tasks and where the information exchanges 
take place in the project lifecycle, as well as the entities 
such as engineers, reinforcing bar detailers who develop or 
use information, and software applications, which are the 
senders and recipients of these exchanges, is developed. The 
information exchanges are defined by exchange models that 
specify the functional requirements (content and format) 
of data exchanges to be implemented. When the process 
models and exchange models are combined, they form an 
information delivery manual (IDM). This IDM serves as 
the overall functional requirements specification for one or 
more exchanges.

2. Design—Develops exchange requirement models and 
generic model view definition (MVD).

3. Construct—Develops software implementation specifi-
cations for MVD and facilitates product testing and certifica-
tion of information exchanges.

4. Deploy—Provides generic and product-specific 
building information modeling (BIM) guide, validates data 
exchange, and extends the complexity of information that 
can be included in the BIM data.

1.2—Scope
This report is intended to enable accurate and efficient 

creation, sharing, modification, and reuse of cast-in-place 
(CIP) concrete model information among various project 
entities throughout a project lifecycle. Specifically, a process 
model that identifies the typical workflows during engi-
neering design, planning, and site production of concrete is 
developed. It identifies when information is shared between 
disciplines at different stages of projects. The tasks and 
information exchanges that make up the process model are 
defined.

CHAPTER 2—DEFINITIONS
building information modeling—processes and tech-

nology that use a digital representation of the physical and 
functional characteristics of a project.

exchange models—description of the information 
exchanged and the typical producer and receiver of that 
information.

information delivery manual—report identifying user 
requirements for one or more information exchanges.

model view definition—software specification of 
exchange requirements for one or more data exchanges.

CHAPTER 3—INFORMATION DELIVERY MANUAL 
OVERVIEW

3.1—Background
An information delivery manual (IDM) defines exchange 

requirements in the context of reference industry processes. 
IDMs are defined by end users and practicing professionals 
to support the process in which they are expert. The resulting 
IDM serves to define the exchange requirements for one or 
more building information modeling (BIM) transactions.

The IDM is focused on end-user exchange requirements 
supporting a given set of workflows. The exchange require-
ments are captured by developing a process model that defines 
the context of the workflows of interest. The process model 
identifies the sets of use case exchanges being addressed, the 
tasks involved in each phase of the project, and the exchange 
requirements that will enhance the workflow. The various 
components of the IDM capture the user needs and specifi-
cation of the exchanges in a form that can serve as the func-
tional requirements for the technical exchange specification, 
called a model view definition (MVD). Thus, the IDM is 
developed by users to specify what they need for a target 
workflow, to be translated later by the MVD into computer-
implementable code.

This report defines the functional data exchange require-
ments and workflow scenarios for exchanges among all 
the entities involved in the cast-in-place (CIP) concrete 
supply chain during each phase of a project. There are a 
wide variety of CIP concrete elements used in construc-
tion projects, including different types of footings, beams, 
columns, walls, slabs, ramps, corbels, piles, and piers. These 
are mostly used as part of the structural system of facilities. 
The different elements are often designed and produced by 
separate business entities that include formwork design and 
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erection, reinforcement detailing, fabrication and placement, 
design of concrete mixture proportions, placing, testing and 
curing, and concrete finishing. Moreover, CIP concrete, as 
a fundamental building system, interacts with many other 
aspects of a building in the following ways:

(a) Concrete walls might be connected to steel or precast 
concrete beams and precast concrete or composite slabs, and 
sometimes to concrete columns.

(b) Concrete may encase or otherwise be connected to 
steel, creating composite members, including composite 
beams, columns, shear walls, slabs, and braces.

(c) Mechanical, electrical, and plumbing (MEP) products 
cross CIP concrete elements.

(d) The site excavation plan and execution schedule are 
important for design and execution of concrete foundations.

There are 16 different disciplines identified in the process 
model developed in this report (Table 3.1a).

Exchanges are defined for six different phases of a project 
(Table 3.1b). To accommodate the diversity and variety of 
disciplines involved, efficient communication and collabora-
tion of the different disciplines during each project phase is 
required. Designers and producers of CIP concrete elements 
may choose to use a variety of software tools to generate 
information. Hence, enabling efficient interdisciplinary 
coordination and collaboration requires exchange of infor-
mation between different software platforms in model and 
nonmodel forms. This report identifies and documents the 
information items that each discipline involved in design, 
planning, production, and site construction of CIP concrete 
needs to share with other disciplines at different stages of 
the projects.

Workflows within the CIP concrete supply chain are not 
standardized, but are tuned dynamically to reflect what 
is most appropriate for a given project and stage. Some 
processes might vary based on the selected delivery method 
and specific contract terms designated for a project. The 
definitions of workflows in this report are tied into an overall 
process and a typical illustrative schedule, not as a prescrip-
tive process. The process model is laid out to provide a 
structure for addressing different use cases of information 
exchange; they are not intended to be used as a prescriptive 
process.

3.2 —Information delivery manual hierarchy
Figure 3.2 illustrates the hierarchical structure used to 

develop an information delivery manual (IDM), which 
includes the following.

a) Process models (Appendixes A through D): this is 
defined for the general processes identified for cast-in-place 
(CIP) concrete construction projects. The process models 
identify the tasks carried out and the typical phase of design 
in which they are carried out. They also define the exchanges 
required to support the flow of information needed to 
accomplish those tasks; these are called exchange models. 
The full process models (Appendix A) have been filtered to 
show only those tasks and information exchanges related 
to a certain portion of the CIP supply chain. Appendixes B 
through D show submodels for supply of concrete material 
such as shoring and formwork, and design, detailing, supply, 
and installation of reinforcement. The tasks, exchange 
models, and nonmodel exchanges identified in the process 
model throughout the lifecycle of a CIP concrete project are 
described in short paragraphs (Appendix E), allowing cross-
referencing back to the process model.

b) The detailed exchange models are fully reported in the 
consolidated exchange model tables in Appendix E. This 
provides a structure and definition of the exchange function-
ality for future implementation.

c) An exchange requirement table is part of the process for 
developing a model view definition (MVD). The functional 
requirements for the MVD are not included in this report.

CHAPTER 4—PROCESS MODEL

4.1—Protocol for process model
One or more process models identify the tasks, actors, 

and information flow throughout the life cycle of a project 
that are to be supported by building information modeling 

Table 3.1a—Omniclass designation for project disciplines
Project discipline Omniclass designation Project discipline Omniclass designation

Architecture 33-21-11-00 Structural engineer 33-21 31 14
Civil engineer 33-21 31 11 Mechanical engineer 33-21 31 17

Reinforcing detailer 33-41-11-14 Reinforcing fabricator 33-41 11 14
Batch plant 33-41 21 24 Testing agency 33-25 54 00

Concrete contractor 33-41 11 14 Reinforcing contractor 33-41 11 14 17
Formwork contractor 33-41 11 14 Finish contractor 33-41 11 14

General contractor 33-41 11 11 Site contractor 33-41 11 14
Reinforcement distributor 33-25 41 11 Owner/client 33-55 21 00

Notes: Omniclass is part of the ISO 12006-2 standard. ISO 12006-2 defines methods of organizing the information associated with construction and affiliated industries, and also 
promotes a standard object-modeling definition for concepts addressed.

Table 3.1b—Omniclass designation for project 
phases

Project phase Omniclass designation
Design development 31-20-20-00

Construction documentation 31-25-00-00
Concrete resource and placement 

planning 31-40-30-31

Concrete execution 31-40 40 24
Erection phase 31-40-40-14-11

Turnover 31-40-40-91-31
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(BIM) tools. These models identify the relationship of tasks 
and information that are either used as an input to perform 
tasks or are outputs as a result of performing tasks. They 
help determine the information value chain throughout proj-
ects, identify the inefficiencies of current practice, and assist 
in eliminating the non-value-adding or lesser-value-adding 
information-based activities.

Business process modeling notation (BPMN), devel-
oped by Object Management Group (2013), is a standard 
for expressing process models that are flow-oriented repre-
sentations of business operations. Models represented by 
BPMN have been used to facilitate information exchange 
and communication between project participants and to aid 
with decision making based on various analysis techniques. 
Detailed BPMN models are, however, increasingly used 
to identify the information packages exchanged in busi-
ness processes and to define required software features for 

vendors. The process models for cast-in-place (CIP) concrete 
are presented in Appendixes A through D. The main compo-
nents of process models developed using BPMN are illus-
trated in Fig. 4.1 and include flow objects and connecting 
objects. Flow objects represent tasks or decision-making 
gateways. Connecting objects capture either the information 
flow between tasks that are carried out as a result of tasks or 
the logical sequence of tasks. The information flows are of 
two types: model data and nonmodel data.

BPMN uses a matrix of rows and columns to categorize 
tasks with different functional objectives or capabilities. 
Columns represent the various stages of the project. Some 
rows contain tasks performed during project delivery, and 
other rows contain the exchange requirements of a data 
source that may be carried either by a BIM tool in the form of 
a model, referred to as exchange models, or other non-BIM 
forms of information exchange; for example, informal 

Fig. 3.2—IDM hierarchical structure.

Fig. 4.1—BPMN notation guide.
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comments on the architectural design by the structural engi-
neer. Exchange models are used to provide the content of 
information exchanges between users, software applica-
tions, or both. Further, to provide appropriate levels of 
development, tasks may be broken down into subprocesses, 
such as the information exchange between the architect and 
the structural engineer, that may be executed multiple times 
concurrently.

BPMN models are useful for identifying the exchange 
models in CIP concrete construction projects and provide 
a base to later identify the content of each information 
exchange package in the information delivery manual 
(IDM). In the BPMN model, Omniclass designations for 
project phases and project disciplines that participate in 
developing and delivering projects are used (Tables 3.1a and 
3.1b).

Major process phases are identified in the context of 
their relation to CIP concrete construction. Omniclass clas-
sification is used to identify their relation to the overall 
construction process (Omniclass 2013). In addition to the 
standard BPMN notation, the IDM uses notation for infor-
mation exchanges between exchange models. Information 
exchanges in nonmodel forms, such as text and tables, are 
also identified and described.

4.2—Rules for formatting process model
Process models can be large and complex. For this 

reason, they must be created with readable and logically 
correct protocol using business process modeling notation 
(BPMN). There are two primary considerations in creating 
process models: 1) formatting to facilitate readability; and 
2) ensuring a logical information flow. These are described 
more fully as follows.

4.2.1 Methods for formatting to facilitate readability
4.2.1.1 Aggregating information flows—Multiple infor-

mation flows leaving a model or nonmodel exchange are 
aggregated into a single pipe flow with branches, with a 
triangle identifying the number of flows in the pipe (Fig. 
4.2.1.1).

4.2.1.2 Connection of all links—For traceability and 
reading, all information flows are fully connected (Fig. 
4.2.1.2). The lines illustrating the information flow are color 
coded to the task from which the information originates.

4.2.1.3 Coding of discipline information flows—To facili-
tate visual tracking of information flows, each discipline 
should contain the tasks performed by the discipline; all the 
information generated by those tasks; and information flows 
from those tasks to generated models and, ultimately, to 
receiving tasks. Each discipline is distinguished by a specific 
color (Table 4.2.1.3 and Fig. 4.2.1.3).

The only exception for this rule is reinforcement-related 
disciplines. To decrease the variety of colors used and make 
the tasks easier to trace, information models and connection 
links of four disciplines of reinforcing detailer, reinforcing 
fabricator, reinforcing contractor, and reinforcement distrib-
utor are designated the same color.

Fig. 4.2.1.1—Notation consolidation.

Fig. 4.2.1.2—BPMN notation guide: connectivity and color 
coding of information flows.

Table 4.2.1.3—Color codes for task boxes
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4.2.1.4 Hidden loop markers of tasks—Usually several 
rounds of design, review, and modification go into producing 
each exchange model and nonmodel information produced 
by each activity. In BPMN models, this iteration of tasks 
is normally illustrated by loop markers (refer to left side 
of Fig. 4.2.1.4). Due to the complexity of the CIP concrete 
process model, the fact that planning of one placement cycle 
is proceeding at the same time as the execution of others, 
and to improve readability, these loop markers are removed 
(refer to right side of Fig. 4.2.1.4). It should be noted that the 
nature of most tasks in the CIP concrete design and produc-
tion lead to several rounds of review and modification.

4.2.1.5 Ensuring logical information flow—An activity or 
exchange model in a later phase activity cannot inform an 
activity in an earlier phase. As can be seen in Fig. 4.2.1.5a, 
EM.13 is generated in the Concrete Resource Planning 
phase and T16 occurred in the Construction Documentation 
phase. Therefore, when T16 occurs, EM.13 has not yet been 
generated and cannot be used as an input for T16. In these 
cases, some tasks are iterated across multiple project stages 
or they can happen in different stages of a project, depending 
on selected project delivery method and contract terms. In 
such cases, the tasks are extended to both reflect this itera-
tion and cover different situations.

Tasks within a row receive all the information in the tasks 
to the left in the row because they are received by the same 
discipline. They need not be explicitly linked (Fig. 4.2.1.5b).

4.2.1.6 Single application—Exchange models are the 
product of a single application. As an exchange between 
applications, only one application can generate the data for a 
model or nonmodel view (Fig. 4.2.1.6). In this figure, a soft-
ware application is used to prepare a construction resource 
plan, EM.12. Information from other applications may be 
used in EM.12, but all information flowing to this exchange 
must pass through the resources planning application.

Fig. 4.2.1.3—BPMN notation guide: information flows from a source are coded to be same color as source.

Fig. 4.2.1.4—BPMN uses a loop symbol to indicate iterated 
tasks. It is assumed that all tasks can be iterated; the loop 
was removed to enhance readability.
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Fig. 4.2.1.5a—Adjustment of column alignment for flow direction consistency.

Fig. 4.2.1.5b—Implicit information flows within a task row.

Fig. 4.2.1.6—IDM for reinforced concrete supports application to application exchange.
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CHAPTER 5—TASK, EXCHANGE MODEL, AND 
NONMODEL INFORMATION DESCRIPTIONS

Written documentation is required to describe the intent 
of the tasks and exchanges identified in the process models. 
These descriptions are linked by identifiers to the process 
model. All exchange models in the process models are 
described in the context of their project stage and exchange 
disciplines. Exchange model descriptions are generic and 
outline the typical content of the information exchanges 
between specified tasks. They identify which objects, 
processes, properties, relations, and classifications are both 
relevant to the receiving (importing) application and available 
in the sending (exporting) application (Table 5a through 5c).

The term “information items” is used to refer to items that 
need to transfer information. These may represent physical 
objects (such as gravity retaining wall or precast double tee 

beam) or nonphysical objects (such as wind loads or activity 
schedules). The goal in developing the exchange descrip-
tions is to specify these information items and their attri-
butes in sufficient detail that the coverage of exchanges will 
be understood. They are initially identified contextually in 
the process models and are described in more detail in the 
model and nonmodel exchange descriptions. Nonmodel 
exchange descriptions are also provided.

The task and information exchange descriptions, coupled 
with the process model(s), are the essence of the information 
delivery manual (IDM). The IDM will guide the develop-
ment of the model view definition (MVD)
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Table 5a—Task description template
Project phase Omniclass project stage
Discipline Name and Omniclass discipline number of 

the activity performer
Information obtained from Name and Omniclass discipline number of 

the disciplines who send their generated 
model information, nonmodel information, 
or both, as an input to enable execution of 
this activity.

Task description Written description of:
   1. The purpose of the activity
   2. Task execution process

Table 5b—Exchange model description template
Project phase Omniclass project stage
Exchange disciplines Parties to this exchange

From:
To:
By Omniclass discipline number and name.
(can be more than two disciplines, but 
using the same basic data)

Description Written description of:
   1. The purpose of the exchange
   2. Major elements of the exchange
   3. The level of development of the 
exchange
   4. Any special attributes

Software functionality Export and import attributes
Related exchange models Other exchanges this one interacts with 

(proceeding and succeeding exchanges)

Table 5c—Nonmodel exchange description 
template
Project phase Omniclass project stage
Discipline from Omniclass discipline number and name of 

the discipline generating this nonmodel 
information.

Discipline(s) to Omniclass number and name of disci-
plines who receive the generated nonmodel 
information.

Information transmitted Written description of:
1. The purpose of the exchange
2. The required contents of the exchange
3. The optional contents of the exchange

Typical formats Formats in which the nonmodel information 
is exchanged.
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