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PREFACE

This report is a source document of the Construction Industry Institute, and, in addition, is
a chapter in the Project Materials Management Handbook. The Handbook will be published
imcrementally starting July 1987 Individuals and companies reviewing this report should
request a copy of the Handbook from the Construction Industry Institute if they are not
already on automatic distribution. The instructions and Table of Contents of the Handbook
are explained in that document.
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PROJECT MATERIALS MANAGEMENT
PLANNING GUIDE

1.0 INTRODUCTION
11 General

The cost of materials represents more than half of the total cost of todays typical capital
project. Lack of materials when needed at the job site is typically the single most frequent
cause of construction delays. Given the impact on cost and schedule, it is easy to see the
positive influence that effective materials management can have on the cost of construction.

Research conducted by the Construction Industry Institute indicates that adecquate planning
may be the single most important determinant of effective project materials management.

1.2 Purpose of the Planning Guide

The primary purpose of this planning guide is to promote the development of a project
materials plan. It is designed to be used by the owner, engineer, and constructor, or other
participants in the construction process for any type project or contractual arrangement.

Before project materials planning can begin, it i important to understand the basic
philosophy of materials management. Project Materials Management should be thought of as a
process rather than an organization. In fact, the activities of the materials cycle cross all
organizational lines of the project and Dbegin with the specification of the material which is
primarily the responsibility of the owner and engineer. The materials cycle, as illustrated in
Figure 1, continues on through installation and startup in the field. ~ Recognition of this
process is essential in planning the integration and management of the materials function.

1.3 How to Usc This Planning Guide
This Planning Guide consists of two basic parts:

a, A narrative discussion of the various considerations to be taken into account in planning
the materials function.

b. An outline which is intended to be used as the basis for development of the actunal
written materials plan for any given project.

The narrative is not a set of instructions for completing the outline but rather a discnssion
of the normally significant factors which must be considered in' the development of a plan,
The outling is intended to prompt the documentation of the functions, systems, requirements
and facilities that constitute the specific plan for a project.  Obviously, the best developed
plan is wuseless unless communicated to the participants at all levels of the project. The
outline is intended to aid in this purpose.

Use of this guide will not result in procedures for the detailed activities of the materials
management function, but rather the establishment of the framework within which detail
procedures can be developed and subsequently carried out.
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1.4 Proactive Integrated Materials Management

Given that the overall materials function is a process crossing organizational lines, those
responsible for materials management must be able to integrate functions even though many of
these are performed within “non-materials” organizations.  Such integration must be achieved
across organizational boundaries regardless of the contractual arrangements for engineering,
procurement and construction, It is also essential that a proactive integrated system be
established to track and monitor the effect of changes on materials.

20 PROJECT DEFINITION AND STRATEGY DEVELOPMENT
21 General

The materials plan must fit within the framework of the overall project plan and take into
account the limitations, constraints, and overall project strategics. Before the materials plan
can be developed certain basic project information is required.  General project descriptions
and parameters such as type, size, and location will begin to define the overall project plan.
Those responsible for materials management should be identified at this stage and actively
participate in the development of the various project strategies. Some of the more significant
strategic elements are:

Use of existing materials

Approach to procurement of critical equipment

Use of existing owner, engineer or constructor purchase agreements

Use of foreign supplied materials

Bulk material quantification - takeoff/estimate

Approach to procurement of engineered materials

Timing for first bulk materials takeoff and subsequent takeoffs

Approach to and supply of materials for prefabrication

Schedule implications /expediting support

Responsibility for procurement of bulk materials, both the first buy and the subsequent
purchases

Inspection by the owner, engineer or contractors using permanent staff or contracted
personnel

F.O.B. point .

Approach to materials shorts, changes, and surplus

Spare parts philosophy; including commonality of equipment with existing plant and other
contractors

Responsibility for procurement of materials for temporary facilities

Extent of field warchousing considering use of available supplier inventory systems

Role of subcontractors in procurement of materials

Use of min-max warehousing versus buying from take-offs

OO0 Q00O 0RO OO0

Q =]

c O

Q090

Project size, location, schedule, cash flow constraints, owner philosophy, and number of
project participants are only some of the factors that will influence these strategies.
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22 Project Definition

Development of materials strategies and subsequent detailed planning cannot begin without
certain basic information about the project itself,

2.2.1 Facilities to be Constructed

A clear description of the facilities to be constructed is needed in the ecarly stages.
Descriptions of major equipment including size and ratings, main buildings or structures, or
major piping and electrical systems provide a basis for determining the volume of engineered
equipment purchase orders as well as an approximation of the bulk materials involved,

2.2.2 Project Location

The project location provides the basis for site access planning, discussed in detail later
under Site Materials Management Planning, and is necessary for initial investigation of
possible local wvendors, fabrication shops, and subcontractors. Project location will also
influence the extent of preassembly and modularization, mode of transport, permits, and in
general, the entire fraffic plan.  Location will have an impact on method of storage and
disposal of certain materials and may require special permits and licenses. Vendors supplying
such services may be specified as sole source by local or state governments.

Actual jobsife conditions are an important consideration.  Access to the site, total area
available for storage, condition and layout of site roads, and numerous other details discussed
later wunder Site Materials Management Planning, have a significant impact on materials
planning. The local environment and climate also nced to be known, It is important to know
the rainfall, flooding conditions, snowfall, and temperature by months for past years.  Any
special logistics problems will also be evident once the location and climate is known,

2.2.3 Euisting Facilitics

If the project is not "grass roots" the existing facilitiecs can play an important role in how
the construction site functions.  Storage areas may be lmited in size and access; off-site
storage may be required; additional security may be required; and existing plant rules and
procedures may have to be adhered to by construction. Tt may also be necessary to purchase
equipment to match existing facilities in order to maintain spare parts uniformity.

2.3 Responsibilitics
2.3.1 General

A major effort of project materials planning is the establishment of specific responsibilities
for materials and equipment. Owners must determine these responsibilitics in the conceptual
planning phase in conjunction with the project priorities, goals, and contract strategies. This
guide discusses some basic considerations in establishing these strategies and responsibilities.

In particular, owners must evaluate the benefits and risks of assuming the role of providing
materials.
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2.3.2 Owner’s Role

According to CICE project report A-7, (Business Roundtable 1983) "The most successful

- construction contracts have one fundamental characteristic in common: thoughtful and
meticulous preparation by the owner before the contract is let. It is crucial that all elements
of the owner’s organization which have an impact on a project be represented", From a

materials planning viewpoint this means that the owner must carefully determine, and define in
the contracts, the scope of materials-related services for each contractor. If done properly,
this type of planning will do much to eliminate confusion and duplication of effort, reduce
disputes and claims, and generally improve project communication, all at a lower cost to the
owner,

The most substantial impact owners can have on successful materials management is simply
how much emphasis they place on this area of project management. Owners must insure that
materials management is recognized as a critical project management function by both their
own organization and by the engineering and construction contractors, By stressing the
importance of materials management activitics and by setting specific criteria for evaluating
proposed systems, the Owner will establish a solid foundation for carrying out the materials
management function,

2.3.3 Division of Responsibilities

Responsibilities for all materials activities should be defined during the planning effort. All
participants should be consulted, including the owner(s), prime contractor or managing
contractor, engineering contractor(s), shop fabricators for prefabrication, construction
contractor and the field subcontractors. It is recommended that a responsibility matrix be
developed to consider all project materials as follows:

o Process equipment and enginecered items

o Bulk materials

o Construction materials

o Construction infrastructure (including temporary facilities)

A sample of this type of matrix is shown in Figure 2.

Specific attention should be given to the role of the construction contractor and
subcontractors in the gray area between direct materials and construction consumables.
Confusion is minimized when a detailed list of materials is considered. For each class of
materials, participants’ responsibilitics should be defined including developing specifications,
materials takeoff, inquiries, purchasing, inspection, expediting, shipping, invoicing and closeout.

A detailed matrix developed with input from all participants can significantly impact the
success of the project. The project benefits because each participant has a clear
understanding of their materials management responsibility. It promotes proper communication
since each participant understands the role of other project participants.  This matrix may
change and become more detailed as the project evolves, but the initial effort can be used by
project participants to plan their portion of the work with a basic understanding of the
responsibilities of the other organizations. -
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2.3.4 Organization

After the responsibility maftrix has been established, the organization for carrying out the
responsibilities can be structured.  The responsibility and position of all key personnel for
each project participant (company) is best illustrated on organization charts developed for the
specific project.  The charts promote a befter understanding of the different organizational
groups participating in the work and allow a clearer understanding of the authority of key
personnel including the line of command, Including these organization charts in the materials
plan communicates the role of the key personnel to all project participants in the contractor’s
and owner’s organizations.

2.4 Business Considerations

The materials strategies for a project should be based on the project definition, business
considerations, constraints, project goals, and other outside factors which will impact the
execution of the work. The project definition inclnding the type, size, location and
complexity of the facilities directly determines the types and quantities of equipment and
materials needed for support and constroction of the desired facilities.

Constraints and project pgoals which often appear interchangeable, depending on the nature
of the project, nced to be identified prior to development of the basic materials plan.

Included should be most if not all of the following points:

a. Government constraints which may include:

Use of small and small disadvantaged and women-owned businesses.

Permit limitations for wildlife, road use, ete.

Labor restrictions for field wage rates which impact the extent of ficld fabrication

Preference of local communities which may encourage or discourage the use of local
labor or camps.

1

b. Project completion objectives which determine whether fast-frack scheduling or routine
scheduling may be utilized,

c. Business constraints which may include:
- Financing and cash flow limitations that determine the rate of procurement and
delivery of materials.

- Procurement from local suppliers,

Significant outside factors, t(ypically beyond the control of the project team, can have a

major impact on the project.  The principal points usvally include economic and market
conditions which affect the cost and availability of needed labor, services, equipment and
materials.

2.5 Prefabrication Considerations

Prefabrication of plant equipment and materials in the form of packages, modules or
preassemblies (including pipe spools and structural steel members) can have a significant
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impact on the field labor requirements, project cost and performance. Farly in the project,
the owner, managing contractor or engineering contractor (as -appropriate) shounld complete a
_detailed analysis to determine the optimum extent of prefabrication. The effort begins with
route swrveys to determine wupgrading requirements and module limitations, both size and
weight.  Winter shipping limitations on the road beds may be a significant limitation on
certain projects,

There are other factors which may contribute to the analysis and decision for extensive
prefabrication including;

High field labor cost

Remote jobsite location

Restricted labor supply

Limited jobsite space or facilitics

Weather Hmitation on transportation and/or construction
Operating plant safety restriction

oo Qo0

The prefabrication analysis should include an evaluation of the total cost and schedule
impact on the project as well as performance, risk and sociocconomic issues. Various
scenarios for contractor and fabricator responsibilities wifl have different impacts on cost,
schedule, and performance.

Whatever the justification, extensive prefabrication demands an early planning effort to
define the specific goals and limitations of the project’s prefabrication program. All project
participants must be operating under the same rules and guidelines.  Specific clements of the
prefabrication program include the following;

o Location of jobsite versus prefabrication sites.

o Determination of materials specification, design and takeoff responsibilities.

o Determination of prefabrication materials and equipment procurement responsibilities
considering scheduling limitations.

2.6 Schedule and Cost Considerations

There are various cost and scheduling concerns that the materials management team should
consider to cffectively execute their responsibilities. Foremost is a clear understanding of all
key project milestones, including but not imited to:

Work release

Start of engineering

Major and critical commitment and delivery milestones
Field move-in (all major field contractors)
Engineering completion

Mechanical completion

Construction completion

Startup

(=l = N = T o B o I o B « B o

The materials plan should define these requirements as well as other cost goals and
priorities, including major components of the project budget and the relative importance of
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schedule versus cost in the decision process. The importance of completing the project as
scheduled including cost impact must be communicated to all project participants. . The cost
impact may'be in the form of contractor liquidated damages or penalties, or may result from
lost production (not meeting supply contracts) or shifting completion into a different tax base
year.

Other cost requirements for the project include responsibility for assigning project cost
codes to materials documents and breakdown of material takeoffs/pricing to support area/unit
cost reporting and control.  The latter also applies to support of planning and scheduling.
Materials groups can have a significant impact on total cost and should be aware of cost
change alert procedures.

30 MATERIALS REQUIREMENTS PLANNING
3.1 Introduction

The Materials Requirements Planning function in a project environment includes the
activities associated with the definition and quentification of all materials  for the project.
The function spans the organizational groups of owner, engineer, and constructor. The
process includes the definition and selection of materials based on constructability, availability
and economics which are best accomplished by the combined efforts of engineering and
construction. It includes planning for and managing toward schedule requirements for all
projects materials. Tt includes controlling materials and managing toward minimum surplus
while meeting project schedule requirements.

3.2 Key Concepts
3.2.1 Responsibility
It is important to realize that the owner, engineer, and constructor must all participate in

the activitiecs that make up the material cycle. Figure 1, Materials Responsibility Chart,
Section 1.2, illustrates the major activitics and participants in the materials acquisition cycle.

3.2.2 Material Types

To appropriately manage materials acquisition activitics, project materials are categorized
into three groups.  Planning for these materials will be covered in more detail in the
following paragraphs. Each category requires a different approach during the planning as well
as cxecution phases of a project:

Engineered Materials - Engineered materials are broadly defined as those items of material
with a uniquely assigned number (or tag) such that they can be uniquely referred to and so
identified throughout the entire life of the project. This group is often further divided info
1) Major Equipment - those items which are engineered and fabricated specifically for the
project (e.g, tanks, heat exchangers, pumps, etc.), and 2) Minor Equipment - those items
which are manufactured to an industry specification and often stocked by the manufacturer
or distributor but for control purposes are uniquely tagged and identified (e, control
valves, instrumentation, specialty items, etc.).
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Bulk Materials - Bulk materials are those items . of ~materials manufactured to industry
standards, and purchased in quantity. These materials include. such items as pipe, fittings,
wiring, and cable.

Prefabricated Materials - Prefabricated materials are items which are typically engineered
and fabricated per engineered specification at a fabrication shop or site separate from the
construction site.  Materials constituting these fabricated items may, depending on project
goals, be quantified, procured and delivered to the fabricator by the contractor.  These
materials include modules and preassemblics (including Iadders/platforms, structural steel,
pipe spools, large and small process modules, control stations, etc.).

3.3 Planning for Engincered Materials
33.1 General

The basic objective of planning for engincered materials is to insure that they are acquired
and delivered to meet the overall consiruction schedule.  Planning includes a review of the
items needed, their relationship to the schedule, establishment of a status mechanism for
reporting and control, and a plan for inifiating the acquisition of the materials.

3.3.2 Source of Information and Basic Plan

The first step in planning for engineered items is a determination of the engincered items
required for the project.  Although equipment specifications may not be completed until the
detailed engineering phase, it is important that planning for these items begin during
conceptual engineering since these items will drive the entire project schedule. For example:
The design of tie-ins cannot be completed until vendor drawings are completed.  Vendor
drawings cannot be completed until a purchase order for the major equipment is placed and so
on back to identification of the various major equipment items.

During the conceptual design phase a major equipment list is developed to which lead times
for vendor data, fabrication, and delivery should be added, This then can be used as input to
the development of the engineering schedule so that long lead items can be specified early and
the overall project schedule optimized.

3.3.3 Major Equipment Materials Cycle

Another step t(hat must be accomplished early in the project is the development of the steps
or milestones required in the acquisition  cycle of engineered items. An cxample of the
milestones  typically required for an engineered item is illustrated in Figure 3. The
establishment of the exact steps to satisfy the needs of the project is a joint effort including
the owner, engineer, and constructor, if known.,

A method of statusing and reporting against these milestones must also be planned. For
purposes of management control and statusing, a tool to track where an item is in the cycle
compared to where it should be is required. Often this is done using computerized systems
with the ability to "model' duration cycles, Figure 4 illustrates a basic report from such a
system which calculates scheduled and projected milestone completion dates. As  actual
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REPORT DATE: 09/08/86
CLIENT: Prutat%qe Data

Pol lene Plant ERUIPMENT STATUS REFPORT
AREEE FEE?E HANAGER: BY INQUIRY NUHBER # Indicates a 'Manually® Frojected Date
LITY Paga: S=Schzduled Datey, F=Projected Date, Asfctual Date
INGUIRY NUMBER:BC-00041 (4) PO MUMBER:ASHE-3011  (35) VENDOR: ROSEMOUNT INDUSTRIES/HOUSTION . PO WEED FIELD NEER AHEAD SCH. LAST - CHANGE
%Egghﬂgﬂggg=?gﬁé301l MODEL ND.: 2 gagg?ggg Pﬁg§;¥§§87 DATE. CHEGKED ; : D1/08/87 03/01/87 47 05/22/86
i : : f REMARKS: CERTIFICATE OF COMPLI
EEEIEU§§¥ ND.!ZZ-{S&G BUBBETED: $ 0.%0 ACTUAL: % ' 0.00 VARIANCE: % ' 0,400 AICE NEETED
. b 7 g 9 10
SPEC-ST SFEC-COM SPEC-AFV REQ-COM PO-155 REC-AFF RTY RCY-CERT SHIFP RECVD
; 10/61/8¢ 1072578 i0/23/5 11706754 1171473 Wi i3 Bis  lmm o o
78 12/02f 221 3
A 10/15/86 10/18/84 10/30/86 /7 i I / A 1L§14§86 . 5 g o ﬁ87

***i********i************************************¥******************i************!********************}**%**k******%**#4******44*¥*¥+%***************************&****#*#*******************
INGUIRY NUMBER:BC-00341 (4) PO N{MBER: AGHE-~ 40LL s YENDOR: INDUSTRIAL INC./FAIRFIELD PO NEED FIELD NEED AHEAD 5CH. LAST CHANGE

SPEC, NUMBER : SHE-4011 MADEL ND.: 2 BACKWARD PASS:ND 01/08/87 (8701787 et U5/22/84

DESCR: BENERRTOR FROMISED: 04/15/87 DATE CHECKED: /o REMARVEIVENDOR 7O BE SUPFLIED SPEC,

EQUIPMENT NG. DI“A‘&& BUDBETED: $ ~ 00 ACTUAL: § 0,00 VARIANCE: % 00

TRK.EVENT 2 4 3 & 7 8 i 10
SPEC 87 SFEC-COM SPEE APV RFR-COM FO-155 REC-RFF RTV RCY-CERT GHIE RECVD

S 046/01/86 0&/11/8 06/16/84 06/22/Bh G7/01/86 17/04/85 17/19/24 07/31/84 08/09/85 08730786

P #03/13/84 053/11/86 03/16/B4 GL/G7/84 0b/01/84 D6/18/85 07/03/84 07/14/85 07/23/85 0B/13/84

A 05/08/86 /i 03/01/8k 08/23/86 06/15/86 /o 07/04/84 /fod i/ I

D L b e s e s T T e L sy ey s EE s e e S e s 2]

—_ IMQUIRY NUMBER:BC-00161 (4) PO NUMBER:ASHE-3111  (3) VENDOR: GENERAL INDUSTRIES/BEAUMONT PO NEED FIELD MEED AHEAT SCH. LAST CHANGE
~ SPEC.NUMBER: SHE-3111 MODEL RNC.: 1 RACKWARD PASS: YED L2/03/87  03/03/87 345 N6/07/86

DESCR:CENTRIFUGAL, FUMP PROMISED® (2/15/87 DATE CHECKED: /o REMARKS:MEED HARD COPY OF F.0O.

EQUIPMENT NO.:AZ-34354 BUDGETER: % 0. () ACTHAL: # 0,00 VARIANCE: ¢ 0,00

TRK.EVENT H 2 3 4 5 & 7 8 7 10

BPEC-ST SFEC-COM EPEC-AFV REQ-COM FI-155 REC-AFF RTY RCY-CERT SHIP RECYE

§ 11/08/84 11/08/84 11/18/B4 12/08/84 12/11/86 12/17/84 12/26/84 01/07/87 01722087 N2/21/87

P 01/03/87 12/01/84 12/25/84 01/14/87 01/04/67 n1/10/87 01/23/85 Q2/0L/BA 02721786 03/23/86

A 12/01/86 12/13/86 / 01/01/87 ! 0i/16/84 ol /Il Iy i

******&i******************************************************************************¥**********************************************4¥¥*****************************¥¥****¥*4*¥¥*}!*****%**

INQUIRY NUMBER:EC-00241 (4) PO NUMBER: ASHE-4111 () VENDOR: SAMPSON INLC. /ORANGE ¢0 NEED FIELD NEED AHEAD 5CH. LAST CHANGE

GPEC. NUMBER: SHE-4111 MODEL NO.: { BACKWARD FASS:ND 02/03/87  DO/03/BT 404 05/22/86

DESCR:HOLDING TANK FROMISED: 03/15/87 DATE CHECKED: i RERARKS: WITNESS INSPECTION MEEDEL.

EGUIFMENT NG.:BI- 4456 BUDGETED: $ .00 ACTUAL: % .00 VARIANCE: & 0,00

TRK.EVENT 2 3 4 3 = 7 g8 9 10
SPEE"ST SPEC-COM SFEC-APY RFQ-COM FO-155 REC-AFF RTV RCV-CERT SHIF RECVD

5 12/12/8b6 12/12/B4 12/22/86 01/11/87 01/14/87 01/20/87 0L/29/87 02/10/87 02/25/87 03/27/87

P #)1/06/87 01/05/87 01/10787 H2/04/B7 0207787 NR/13/BT7 N2/22787 03/ 06/87 02/35/84 03/25/86
01/03/87 / I I /7 02/08/84 lod f

1
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Figure 4 - Example Equipment Status Report
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activitics are completed, the system should have the ability to provide exception reporting as
required, for example, a list of all items behind schedule. The decision to use any automated
system versus a manunal approach is strictly one of volumes, reporting needs and economics, .

3.3.4 Considerations

In developing the plan for acquisition of major equipment, one must consider what will be
acquired in addition to the basic item of equipment itself, Some of the considerations include:

o Spare Parts - is there a need to acquire start up and/or operational spare parts?

o Vendor Assistance - is vendor assistance needed for ingtallation, startup, or training?

0 Warranty/Guarantee - what operational or functional guarantees are required?

o Vendor Data - what vendor documents are required?

o Inspection - what is the approach to inspection, testing, or other quality assurance
methods?

o Transportation - will cost of shipment be to buyer or seller?

o Commercial Terms - what are requirements for retainage and payment schedule?

All of these items will become specific at inquiry and purchasc order time.  However,
contractual arrangements between owner and contractor will establish the ground rules for
many of them and the overall philosophy should be set dwring the planning stage. As specific
items reach the inquiry stage, specific terms and conditions will be selected with inputs from
the owner, engineer and construction. '

3.3.5 Forms and Procedures

Once the basic plan, approach, and philosophy are established, the details of specific forms
and procedures should be planned and established, 1t is not the intent of this guide to
describe forms and formats of various documents such as specification, inquiry, and purchase
order.  Suffice it to say that the owner and confractor will use forms which are already in
place or used on previous projects, perhaps modified to meet the specific needs of the project.

3.4 Planning for Bulk Materials
3.4.1 General

Planning for bulk materials is more complex than engineered items. Quantities required are
never exactly known until the job is over. Additionally, changes in design often void the best
laid plan, or at the least, part of the plan and any associated efforts that might have been
undertaken to acquire those materials.  Existing (owner furnished) materials must also be
included in the equation for bulk maferials acquisition as well as the overall project schedule.
The plan will be influenced by such factors as materials availability, market conditions,
storage facilities, transportation, material sourcing and cash flow.  Experience and judgement
play a significant role in planning bulk materials for a project.

In an optimum environment for bulk materials planning, all engineering will have been
completed and actvnal bills of material created. The overall project schedule would be such as

to allow sufficient time to consolidate the required materials then purchase and deliver them
to the jobsite before consfruction ever begins. In this scenario planning is simplified.  This
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