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ABSTRACT

The process of ordering, expéditing and delivery of materiais
is a very important aspect in the successful management of a Construction
Project. In regions not near the industrial areas, such as the Island
of Newfoundland, the time of de1ivery of matéria1s from supplier to project
can be lengthy and uncertain.

Present systems for handling the material procurement process do not
always systematically in§1ude or provide for all the procedures and their
corresponding lengths of time that are necessary in procuring materia1s
such as:

Preparation of. Shop Drawings

Approval of Shop Drawings

Fabrication

Shipping

etc.

Consequently, often thé procurement of the materials is the single
 most important thing which determines the progress of construction.

The Material Expediting System presented in this report covers
the material procurement process from the date of award of contract up to
the time the materials are delivered to the site. It relates to the Con--
struction Schedule, the General Stores (if any), and produces a delivery
schedule for each material to co-ordinate with the rate at which they are .
scheduled for incorporation into the work. The system is adoptable for
use by the various forms of construction organizations such as General

Contractor, Project Management etc.

viii



A manually worked example of the system is contained in the report,

A Computer program has also been written and a computer produced example

is also included.

ix



2.1

CHAPTER 1 - PROBLEM DEFINITION

INTRODUCVTON :

The process of ordering and delivery of materials is a very
important aspect in the syccessfu] management of a construction
company.

In areas not near the heavy industrial centres and in remote
areas having limited or heavily taxed transportation faci1it1es}
the time of delivery of materials from their source to the job
site can be Tengthy and uncertain. This'is the case in the island
of Newfoundland. .

This procesé Ean not be successfully managed in the absence
of properly prepared schedh]es, which must be frequently updated.
The present methods of expediting often create panic situations
which demand management time.

The lack of such a system or method could prove to be the
most important factor in a project not being completed within the

scheduled time.
ENVIRONMENT
GENERAL :

Areas which are remote and areas which have transportation
difficulties all have the common problem of getting materials to
the job-site as rapidly as possible and within the scheduled time
for delivery. .

In the Island of Newfoundiand, fhe problem of delivery
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is quite serious. Being an island off the east coast of Canada,
it is.removed from the heavily pbpu]éted and industrial centres
of Canada. The population is approximately one-half million
with nearly forty per cent concentrated on the Avalon Peninsula,
on the east coast of the island. The primary industries are:
fishing, paper making and mining. There is Tittle heavy industry
and manufacturing carried on. Consequently, practically all con-
struction materials with the exception of concrete products and
miscellaneous fabricated iron products have to be imported to
the island, mostly from Central Canada. Even wood products,
Tumber and wood framing have to be imported to Newfoundland.

Very little "off the shelf" buying is done in the con-
struction industry; consequently, most materials are ordered

on a per-job basis, and from the mainland.
TRANSPORTATION OF MATERIALS TO THE ISLAND OF NEWFOUNDLAND:

The two largest carriers of freight from mainland Canada
to Newfoundland are the Canadian National Railways and Clarke
Traffic Services Limited. Other carriers are unscheduled charteréd
ships operating mainly to the south coast of Newfoundland. Truck
transportation also operate to and from the mainland. They cross
from Port aux Basques to Sydney by CNR, but as yet are on 5 small
scale and are not a proven established mode of transportation for
freight. '
| The CNR's operations directs all freight destined for Newfound-

land to Sydney by rail, and from there it is sent to Port aux Basques
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by cargo vessel. From Port aux Basques, it is dispersed by rail across
the island to the end of the ]1né - St. John's freight destined to the
south coast of Newfoundland is transferred to CNR vessels at Port aux
Basques, for routing by marine cargo. Large or bulky orders destined
for the south or west coasts are sometimes taken direct by cargo ship
from Sydney.

This is a year round service; however, difficulties and delays are
experienced during the spring of year, as frequently the harbour of Syd-
ney becomes blocked with ice which halts pavigation and causes freight
to be diverted to an alternate shipping port. During the peak volume |
of freight movemeqt, which occurs in the summer-time, Sydney 1itéfa11y
becomes a bottleneck. It has not been uncommon for as many as 700
rail-cars of freight to be at Sydney waiting for shipment to Newfoundland.

Clarke Traffic Services Limited operate a cargo service from
Montreal to St. John's, with a ship arriving at St. John's on Mondays
and Thursdays of each week during the period from March.to December,
During the winter period,'t@e arrivals are not so frequent and they
claim the schedule is two arrivals every ten days. They also operate
a service from Montreal to Corner Brook with one arrival every eight
days. At one time they also operated a cargo ship service from Montreal
to Botwood during the summer months. This is now discontinued, If
there is sufficient demand, they will also de]ivér freight to Bav D'Espoir
and Marystown on the south coast; however, this is not a scheduled run. |
They provide or arrange for the transportation of freight from Toronto,
Hamilton and Kitchener to Montreal:to connect with the Newfoundland

service.
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The time of delivery of materials from destination to job-site
in the island of Newfoundland could vary from two to six weeks. This
is because of:

(a) The remoteness from fhe main source of supply of construction
materials;

(b) The fact that it is an island, which 1imits the methods by which
materials can be transported;

(c) There is a very wide seasonal range in the volume of freight
traffic, with the peak occurring during July and August, which
the carriers are never geared to hénd]e with maximum efficiency;
and

(d) Because of fﬁe number of times freight has to be handled in the

loading and unloading, breakage and damage is not uncommon.

PRESENT MATERIAL ORDERING PROCEDURES:

©2.3.1 GENERAL

Genera]]y speaking, construction projects in Newfoundland,
as in other parts of Canada, are required to be started within a
specified time after the award of the contract (usually two.weeks).
This is not sufficient time to place orders for all materials and
obtain estimates of their delivery dates prior to the start of the
Jjob, Consequently, this is usually going on simultaneously with the
construction of the project. ‘Quite often during the construction of a
project, delays are experienced because of the late arrival of materials.
It is not advocated that the start of a project should not be made until
all materials are ordered and their delivery dates determined. It does,

however, point out the fact that the ordering and the planning of the pro-
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curement of the materials is a very important'aspect of the running

‘of a successful construction projéct, particularly in areas such as
Newfoundland. Normally, the procedure that is followed in the ordering
of materials is that all materials are ordered as early as possible

and a promised shipping date is obtained. Each construction company
may have its own system for keeping up-to-date information of the pro-
'gress of the dg]ivery of the materials. Usually materials of the same
kind are not asked to be shipped in lots less than the total job order,
to co-ordinate with the rate at which they are incorporated into the
job, but rather the whole job order is asked to be shipped as soon

as péssib]ef This procedure is followed for the procurement of aii

the materials. The rule of thumb is: order everything as early as
possible. One can only feel safe when the materials are on the job-
site; even if they are lying there for months before being incorpprated
into the work; which however, i$ rarely the case.

There is a disadvantage to the owner in having materials on site
too long if he has agreed fo'pay for them, in that he is losing interest
on his money.

In most General Conditions of contracts, provision is made for
payments to be made to the contractor for materials delivered and stored
on site, but not incorporated into the work. On a job of any consequence,
if no scheduling of the arrival of materials was followed but rather
done in a haphazard fashion, it would be possible to have some materials
on the site for lengthy periods of time prior to incorporation into
the work. This could work to the disadvantage of the contractor in having
to find large outside storage areas as well as covered storage areas w{th

heat and iight. The possibility of damage and losses due to pilferage,
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deterioration and re-haﬁd]ing is a]so-much higher when materials are

on site too long. Excessive costs will also be involved in controlling
and managing a big material storage yard. Materials arriving at the
Jjob too Soon or in too 1argé a quantity results in much re-handling
and interference with other work. ’

The jdeal time for materials to arrive on the job, is immediately
prior to, or at the time that they are to be used or.insta11ed in the
Jjob. fn view of what has been previously said; that is, practically
all materials have to travel from mainland Canada, this situation rarely

cccurs in Newfoundland.
2.3:2 SCHEDULING:;_

The importance and necessity of preparing schedules for the
construction activities is readily acknowledged. Most all construction
| organizations use construction schedules whether they are ot the simplist
- type or vary in complexity up to the most rigourous, i.e., CPM, PERT of
PRECEDENCE. "The use of CPM Scheduling in all Construction projects of
a value ot $100,000,00 and greater is highly recommended! 'O Wnat is
often omitted from these schedules is their relationship with the materials
ordering process and the times necessary for this proéedure. Often the
case is that the material ordering process is the most i1nfluencial in
determining the construction scheduie not only 1nitially but at every up-

. date.
2.3.3 CONSTRUCTION ORGANIZATIONS:

In today's construction industry there are a number of different
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forms of organizations by which construction projects may be carried out,
such as: (a) Project Management
(b) Construction Management
(c) General Contractor
(d) In.- house Work
(e) Separate Contracts Controiled by the owner.
Within these basic forms of organizations there are many variations;
The same tirm at difterent times and on different projects may operate
under difterent types of organization. Generally speaking however,
organizations will specialize under one t}pe of organization.
Within these organizations there are many divisions or positions
responsible for di;ferent functions such as management, engineering, pur-
chasing, expediting, scheduling, site superintendent and field statf,

and accounting. Quite often the total organization does not perform

with maximum efficiency because of: lack of communication; not knowing

what should be communicated; to whom, and at what frequency. Ihis
confusion and lack of communication, in part, can be attributed to
the absence of a standardization for describing various parts of a
project, the project itself, and all the various materials and equipment

that go into a project.
2.3.4 PURCHASING:

On smalier jobs which do not maintain separate job offices,
purchasing 15 done from the Head Office. In small one-man organizations
the purchasing function is centralized in the Contractor, himselt,

except for occasional small items bought on the job as needed. As jobs
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spread out over more territory and as they become larger the function
of purchasing is moved to the sifé otfice.

When purchasing materials, consideration has to be given to
such things as prices, price trends, time to buy, quantities to buy,
dealers or manufacturers, transportation, deliveries, amounts to be
kept on hand, checking, testing, insurance and fo]]ow-up. Consideration
must be given to the method of transportaiton, such as rail, boat or
truck transportation, expense of transportation; the time required,
including delays; and the reliability of yhe transportation company.
When planning on deliveries, some thought is given to the total amount
of each material: ‘the amount of each material to be kept on the job
such as a few days supply, a week's supply, or the entire supply:
the time or date the materials will be needed and the rate at which
each material will be used. On most.jobs, it is advisable to contract
. for the total materials required for.the project as to pr1cé, quality,
quantity, delivery, etc.. Wnen practical, allowance must be made for
variations in quality, quantity and delivery because the job conditions
and needs vary after work starts,

Frequently, the actual shipping date is much later than the
déte promised at the time the order was placed, which may have been
overly optimistic 1n an effort to obtain tﬁe order,

urders placed with an untario supplier for example, may often
bg moved down their production schadule in favour of a nearer, larger
custoher. The uncertainty of the shipping date and the Iengthy period
of shipment coupled With the time required for other procedures such as:

(a) ‘The p1acing of orders;
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(b) Preparation of shop drawings;
(c) Approval of shop drawings;’
(d) Manutacturing time;

adds up to a lengthy period.

This period of time in the first instance is often not accurately
predicted and it is not taken into full consideration in the scheduling
| of the construction of projects. Orten the imitial prediction will
change, usually tor the worse, which necessitates expediting each
individual phase of the material procuremgnt procedure and updating

the schedule frequently.
2.3.5 EXPEDITING:'

Expediting 1s the job ot following up the purchase tc see that the
items ordered (Not substitutes) are delivered and that delivery is made
at the place and time required by the contractor's operations.

Almost everything a construction company purchases must fit
somewhere into a productioh schedule. It is the job of the expeditor
to see that the things bought, arrive on the Jjob as nearly as possible
to the exact time they are needed. The expeditor must know exactly
what has been purchased;when it is due to arrive on the job; and what
will happen ir it is not there on time. He needs to k=ve day to day
knowledge of progress on all jobs, and of shipmenfs and productien
schedules. Ir materials are to be fabricated, if he deems it advisable,
he must be able to go into the supplier's factory‘and identify the items
on their way through production.

The basis for the expeditors function are the job schedules and
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they should be placed in his hands as soon as they are processed. This
1s particularly important as schedules are revised ; tor revisions may
make it necessary to get in touch with manufacturers or suppliers, and
in some cases may result in cancellation of purchase orders and sub-
contracts.

If an orderly and planned system is not followed and authority is
not delegated within the company's organization, it may be the case that
management w11l find themselves having to deal with routine day to
day problems or may find themselves dealing with crisis after crisis,
such as suddenly finding out from the sité superintendent that progress
is held up or stopped because of a non-arrival of materials or equipment.

It is very a{fficu1t even for the most skillful expeditor to keep
track of all the modifications to a schedule and to determine their
effects on the numerous expediting duties that he is required to perform

for materials that require attention. The expeditor has to spend a great
deal of time, keeping-up to date, nandling tne correspondénce passed
to him from Engineering, Purchasing, Site Superintendent, and Management,
to extract the information actually needed by him, such as; -where is a
certain material at present? When is it needed? Will it arrive at
tﬁe site in time?

In addition to the duties and respohsibi]it1es previously mentioned,
_ it may be necessary to actually manage the delivery of the materials
from their source to their destination. This would involve: determining
tﬁe most economical and expeditous routing; pooling ditrferent orders '

and consolidating less than car load orders; preparing bills of lading;
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tracing shipments; auditing treight bitls; handling transportation insur-

~ance and in some cases arrange tor the transit storage areas.

Thus his real job which is expediting the materials and not
processing intormation suffers and consequently progress on the
job is affected.

While 1t is necessary and important that the expeditor be kept

~up to date on the construction schedule, it is equally important that

the Site Superintendent, Management, the Scheduler, etc., be kept in-
formed on the Progress of the delivery of the materials. Often under
the present arrangement there is no established pattern for issuing
this type of information. ranic situations sucn as "hold-ups" in
construction because of iate arrivals of materials are handied"

as they occur, rather than preventing them from occurring by supplying

information regularly.
2.4  .GENERAL STORES

Some contracto}s maintain a continuous supply of some types of
materiats on hand at all timgs in a General Stores. AIl contractors,
invariably, have excess usuable materials oﬁ hand at times, lett over
trom previous jobs, which they are unable to return to the suppliers or
éon51der it more feasible to keep these left over materials for use
on some future project. .

the type of materials that would be expected to be held 1n

a Generai Stores would be those which are 1n constant demand by the

Contractor; are not a job order type, i.e. those materials which are

not likely to vary in any way from job to job; and those materials

which may be required on a very $hort notice. 1he Contractor feels



Page 12

that by maintaining these materials 1n his own General Stores they
may be more readily available and that he would have a greater control
over the furnishing of them to their place of requirement.

It is often the case that materials are tound in General Stores -
which are obsolete; which have been ordered for a previous project but
were not used because of modifications or were ordered in too large
a quantity initially. These materials have littie cash value and are
occupying valuable space. Also materials are often ordered from
a supplier tor delivery to a project, without checking the quantities
whicn are available in the teneral Stores. This contributes to a
neediess tie up of capital and if perpetuated may eventually render
valuable material obsolete or useless as a result of deterioration
or from damage while handling other materials in the same vicinity.

Inventory controi systems are in use by some organizations
with minimum and maximum stock Ilimits specified. Often, however, there
| is no procedure for expediting the ordering and delivery of materials

for restocking the General Stores.

3. PROBLEM STATEMENT

The material procurement process of obtaining materials from the
time that a contract is awarded and the Estimator prepares bills ot
materials,up to the time that they arrive on the site for incorporation
into the job,has been shown to be a lengthy, invoived and demanding pro-
cedure. 1t involves ofrice ana on site personnel within the same organ-

ization; (Engineering, purchasing, expediting, checking and storing).
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It involves manufacturing (the supplier and his personnet). It could -
involve all the different modes of trﬁnsportation (ship, rail, truck,
air)., It takes away the action time of the expeditor wnich he has to
spend in information absorption and processing, to assure co-ordination

between the delivery of materials and the project schedule.

3.1  DESIEN CRITERIA

A need is therefore apparent tor some overall planned system to
control this procedure;

It is necessary thaf the system opérate by the "Management
by Exception" concept;

That it re]éfe to the different divisions or functions within
the company structure, i.e. Management, Engineering, Purchasing, Ex-
pediting, Accounting, Field Staff;

That it be tied to a Construction schedule;

That one person, the txpeditor, is able to produce instant up-
to-date information on the status of all materials at any time;

That it relieve the Expeditor of the tiresome task of keeping
track of the changes in the construction schedule ;

That it be compatible with existing procedures or systems; and
lastly, o

As it is the case for moét systems and procedures, in order that
it be most successful, it must be simple and easily understood, easy te

adopt for use and economical.
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CHAPTER IT - DEVELOPMENT OF THE SOLUTION

GENERAL

In chapter I, the whole process of ordering and delivery of
materials for construction projects was reviewed with special
emphasis on the construction industry of the Island of Newfoundland.

The object of this report is not to recommend how materials
should be shibped or to criticize or suggest improvements to the
existing methods of transportation, but rather how to effectively
"keep your thumb" on the process of gett{ng materials to the job-
site from the time that the orders are placed, until they arrive
at the job-site, 'fhe procurement and the expediting of the materials
to the job-site must be treated in the same manner and with the same
importance as each activity or work item making up the whole project.
There is 1ittle point in scheduling the start date of an activity
when it is not known.whether the materials will be on the job or not.
It should never be the case that "when a certain material or item
arrives, it will be insta]]éd". The delivery of all materials should

be known as much in advance as possible.

CONSTRUCTION ORGANIZATIONS

To i1lustrate the relationship between the function of
pqrchasing and expediting an organizational chart of medium-sized
General Construction Organization * is shown in figure 1.  This is
a representative chart of this type of organization and it will be

seen that the function of purchasing is.under the Estimating section

* having an annual volume of 5 - 19 million dollars.



Board of Director

General Manager

Chief Accountant Chief. Estimator Contracts Manager
Office Management Job Estimator —
Payroll Preparation of Tenders Subcontracts
Persounel Preparation of Bill of Materials
Accounts Purchasing
Job Costs
Project Projéct Project
Manager Manager Manager
Superintendentl Scheduling
Expediting
Shop Drawings
Progress Billing
Lfield Force 41 Change Orders

Field Purchases

Organizational Chart Medium-Size
Construction Company

FIG. I

Gl abeq
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and the function of Expediting is placed under each Project Manager
~or more closely related to the field operations., Although charts
for other forms of organizations, as mentioned in Chapter 1, will
differ, the relationship between the function of Purchasing and

Expediting will be similiar.

. INFORMATION REQUIRED FOR ORDERING MATERIALS

3.1 GENERAL

For the processing of procuring materials for Construction
Projects it is necessary that the following information or procedures
be used and it is observed that many General Contractors and Project
Management Organizations actually use them:

a) Coding System for materials.

b) Bill of Materials Form which would include the material description
and the gquantity.

c) Job Scheduling. .

If a system is developed to meet the design criteria as biven in
Chapter 1 the following additional information will be required:

d) A relationship between the scheduling of the work items and the
delivery dates of the materials.
e) Information on each material such as:
i) Are shop drawings required?
i1) Estimated time for the preparation of shqp drawings and/or
samples or submission.
iii)  The estimated or a]]otted'time to review the shdp drawings

and/or samples.
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iv) The estimated or allotted time for architect's approval of
shop drawings or samples.

v) The estimated or allotted time to prepare and resubmit shop
drawings or samples in the event that the first submission
was not approved.

vi) The fabrication time.

vii) The lead time, that is, the amount of time that the material
should be on the job before it is scheduled for installation
into the work.

If an Organization maintains a Genéra] Stores, it would be ex-
pected to find that the following information on each material kept
in stock is recorde&.

.1 Quantity in stock.

.11 Whether the material is to be restocked.

111 The minimum quantity to be held in stock (the order point).

IV . The faximum quantity to be held in stock.

.V The quantity on order and it's estimated delivery date.

The proposed material procurement system, in addition to the above
Tisted information must also receive another input. It is:

' »V1 The quantity of each material in stock which is available

for use in the current project'at hand.
3.2 CODING

- Coding is the important key to tying togethér materials, equipment,
labour etc. and ail the various functions making up the total project.

~ Coding is used extensively in keeping inventory records and in
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costiqg for all types of operations and is used universally in the
Construction Industry. |

In a major project the number of people who contribute data to
the capital cost cycle and receive information from it can be numbered
in the hundreds and even thousands. These people have different back-
grounds and training; they are accountants, estimators, design engineers,
purchasing agents, time clerks, labour foremen, construction super-
intendents, etc.

They may come from various parts of a corporate structure, each
" with its own area of emphasis and estab]iéhed way of thinking. They
may be from more than one organization. In this day of specialization,
these groups also Eénd to develop their own words and their own special
meanings for words. Thesé people with varying backgrounds and respons-
ibilities, need a common language when dealing with the various elements
of the project. A code provjdes this common language. It is also a
means by which the vast volume of capital cost detail can be organized,
manipulated, and made useful.

A system for the procurement and expediting of materials will
have to deal with all such people. Therefore it is necessary to have
a suitable coding system.

A code may also be used as a basis for:
i, Identification of materials in a bill of materials.
ii.  Requisition and purchase order numbering system.
iii. The drawings numbering system. .
iv. Data filing.

v It should be suitable for use with a computerized system to reduce



Page 19

the cost of collecting, analysing, summarizing and distributing
the information required. .

vi. It may also be used for cost accounting.
It should be as simple as possible consistent with the number

of items to be classified and purposes to be served.

A number of coding systems are in use., Different firms may develop
" their own coding system consistent with their requirements. The code
system presehtgd here is a modification of the Building Construction
Index dated February 1966 (Appendix No. I) and the Uniform System for
the Construction Cost Accounting (Appendix No. II)

" A sample of the code for a filing index is as follows:

4619, 1 -

1. .10
Projecf h Job Section Division
Number Number
4619 - Project Number
4 - Company. division, i.e., Project Management
_division,
6 - Geographic location of project, i.e. Nfld.
19, - Serial number of project undertaken at this
particular location.
1 - Job Number within project, i.e. boiler.house.
1 - Planning (from Building Construction Index -
February 1966).
.10 - Correspondence with Owner (from Building Construction

Index - February 1966).
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An example of the code for use with materials is as follows:

4619. 1 - 5. .0820

4619 - Project Number, as in previous example.

1 - Job Number - as in previous example.

5 - Specifications Formatand Filing Index (Construction)
0820 - Wood Doors (from Uniform System for Construction Cost

Accounting Guide).

The specifications Format and Filing Index (Construction) while
being fairly detailed in it's present from does not account fqr every
item of material; for instance the number 0820 simply represents
Wood Doors, which for normal requirements may be sufficient. There are
however numerous t&bes and sizes of Wood Doors., The Code could be ex-
panded to allow for all different types of materials represented by the
single number in the Specifications Format and Filing Index (Construction).
This could be accomplished by placing a dash after the material number
and allowing a two digit number for all the different materials under
the one material number,

- 4619.1 - 5.0820.01

4619,1 - 5.0820 as in previous Example.
01 - 2" -8 x 7' -0 x1 3/4" Solid Core Slab, Mahogany

To use this Code for Cost Accounting of the materials installed,
it can be further expanded by. adding a decimal and a two digit number
representing the various cost items that may be necessary to identify.

Theseé may be as follows:

.01 Material, Field Purchase
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.02 Material, Home Office Purchﬁse
.03 Labour, Hourly Payroll
.04 Salaries, Supervisory
.05 Travelling and Living Expenses for Personnel
.06 Rentals
.07 Freight
.08 Taxes
An example of the Code for use in co§t accounting would be as
follows:

4619.1 - 5.0820.01 - 02

4619.1 - 5,0828.01 as in previous example,
02 - Material home office purchase (i.e. the cost of this type
of Wood Doors for this job).

4. WORK PACKAGES

The only remaining information required to comp]ete'the material
ordering information is a'mgthod of determining the Sizes of §hipments
of materials to relate to the rate at which they are installed into the
work. This is particularly important in large projects. This can be
éccomp]ished by breaking the whole project down into it's individual
definable parts or work packages.

This is not by any means arduous or a time éonsuming task and does
not add any additional time to the material procurement process as it
can be done simu]tanéous]y with the other requirehents.

By breaking a project ﬂown into Work Packages, in addition to
serving_the purpose of determining the size of material shipments, it-

also makes the whole project more clear and more eacily understood.
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The benefit of cost control and analysis may also be derived from a |
Work Package breakdown of projecf;

A definition of Work Package 12 is as follows:

"The Towest level end item, or work package, becomeé manageable
unit for effective planning and control. The work packages must be
logical manageable units in terms of time, cost and organizational
responsibility.

The D.0.D. - NASA PERT/COST manual set - forth as a guide dr goal
that the Towest level work package should represent a value of "no
| more than $100,000.00 in cost énd no more than three months in elapsed
time". '

“In applying this criteria, it must be recognized that the overall
objective is that a work package be logical and manageable rather than
that it conform arbitrarily to the dollar and time criteria. To be
logical and manageable, a work package is defined as a task that has
" a recognizable beginning and end. That is, first level supervisors.
and.the people who will be charging time or ordering materials against
a specific work package, must be able to recognize the task. The work
package must,'therefore, be definable with recognizable boundaries that
Qi]l differentiate it from other similar types of work packages. The
work packages must be manageable and still not extend beyond the organ-
izational authority of the manager or supervisor having prime re-
sponsibility for carrying it out. Therefore, it is pﬁssib]e that many
work packages may exceed the three-month period s{mp1y because the
activities underway require more than 90 days before a recognizable

end event occurs and, as a result, it may exceed the $100,000.00 value."
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In determining work packages for use with the Material Expediting
System presented in this report,'it is necessary that each work pack-
age not extend over a pre-determined selected maximum length of time
(the previous mentioned definition states 90 days), otherwise materials’
may be on the site much longer than desired, For example, if a maximum
length was not imposed, it would be possible for a work package having an
item of work requiring similar material at the beginning of the project
as well as at the end. In this case, the 1ike materials required for
the work items at the end of the project would be ordered and delivered
at the same time as the materials were oréered and delivered for the
items of work carried out at the beginning of the project. This could
result in,materia]g.being on the site longer than desirable.

An example of breaking a project down into work packages, as applied
to a two-storey rectangular shaped office building measuring 50 feet
by 100 feet in plan, might be és follows:
No. : Work Package

1. | Concrete Foundation,

.2. Structural Steel Frame,

3. | Concrete floors, first and second,
4. Masonry,

5. | Built-up Roofing,

First floor, all trades and‘finishes,

()]

Second floor, all trades and finishes,

.\l

Exterior services and site development.
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5. SUMMARY

In this Chapter all the required inputs for a system which
would meet the design criteria discussed in Chapter I were defined.
To show thismore clearly separate listings of inputs are shown in
figure 2; one which comes from information already being used by con-
: §truction organizations and the other,information that is proposed to be
collected for a Material Expediting System. The outputs to meet the

design criteria are also listed in Figure 2.
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INP

INFORMATION PRESENTLY AVAILABLE

Bi11 of Materials. o . 1. °

Coding System.
Job Schedule. 2.
General Stores Inventory 3.
ADDITIONAL INFORMAT;ON REQUIRED 4.
5.
‘Relationship between job schedule & material delivery
schedule. : ' .
Work Breakdown Structure (Work Packages).
More Elaborate Coding System.
Information o each material as follows:
1. Are shop drawings required? ‘ 6.
. Time required for preparation of shop draw1ng§?
7.

2
3. Time for review of shop drawings. .

4. Time for Architeét's Review and Approval of shop drawings
5. Allowance for Resubmission of shop drawings.

6. Fabrication time. )

7. Shipping time, for Supplier and General Stores,

8. Lead time '

Tﬁe Quantity of each material in General Stores which is
available for use in the Project in question,
’ INPUT-OUTPUT CHART

MATERIAL EXPEDITING SYSTEM
FIG. 2 .

QUTPUT

Total Quantity of Each Material Required for the whole project
and also the total per work package.

Quantity of Each Material available from General Stores
Quantity of Each Material to be ordered €rom Supplier.
Delivery Schedule for each material.

For each material the following:

1. Order Date

2. Date of Receive Shop Drawings and/or Samples

3. Date to submit shop drawings for dpproval

4, Date shop drawings are to be received back from Architect.

_5. Shipping Date
-6. Delivery Date

Information similiar to that listed above for materials ordered
for delivery General Stores, to replenish depleted stock.

A requisition for each material either ordered from supplier
for project or General Stores or from General Stores to Project
and containing the following:

1. Order Date

2. Whether shop drawings are required and if so the date they
are required

3. Deéscription of material and quantity
4. Delivery Schedule for Material.

G2 8bed
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CHAPTER III - THE MATERIAL EXPEDITING SYSTEM

GENERAL

In Chapter I the existing situation was described and the problem’
defined with regard to the expediting and delivery of materials to a
project.

In Chapter II existing procedures and metheds in use were described

which can assist in the problem solution and which can be incorporated in

the proposed system.

In this chapter the complete proposéd Material Expediting System

will be described.

SUMMARY FLOW DIAGRAM

A summary flow diagram of the proposed system is llustrated in
Figure 5. As can be seen from this figure, immediately after the award
of contract four procedures can commence;

a)  Prepare Work Breakdown Structure (form 1)

b) Prepare CPM Schedule

¢) . Update Materials Information Sheet (form 2)
d) Update General Stores Materials list (form 3)
e) Prepare Bill of Materials (form 4)

After processing, the oﬁtputs are produced which are:
f) Material Status Sheet for project (form 5)

g) ~Material Status Sheet for General Stores (form 6)
h) Requisition (form 7)

- The whole process of ordering and expediting materials for a
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project are tied to the.Schedu1e for the Construction of that project.

A11 materials are not shipped at once, but are shipped in-smaller
quantities to coincide with the rate at which they are scheduled for
use. The Work Packages (which are limited in duration eg. 90 days -
see Chapter II) determine the size of the material shipments and the
de]ivery is determined from the start date of the first activity in
" each Work Package requiring the material.

The sysfems provided for updating. Updated information or data can
be fed into the system at regular intervals such as bi-weekly or monthly
or at any time thought necessary and corrésponding new reports will be
provided. '

In Following Seéfions of this Chapter the forms will be illustrated

and described in detail.
INPUTS
3.1 WORK BREAKDOWN STRUCTURE - FORM 1

This in one of the first forms to be completed and can be done
fairly rapidly. The job is broken down into Work Packages, concisely
described, and listed as accurately as possible in the order in which
they are 1ikely to be carried out and numerically identified in ascending

order i,e., 1, 2, 3, etc.

A sample of this is illustrated in Figure 4.
3.2 MATERIALS INFORMATION SHEET (FORM 2)

This form gives the estimated']engths of time that are required

for various procedures for each type of material. It may be necessary to
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only initially prepare tﬁis form once’usab1e with an update for each’
projec;. A description of each cb]umn is as follows:
Column 1 - Material Code

In this'column will be 1isted the material code number for
each type of matefia] in question,
Column. 2 - Material

Here will be listed the name of the material as it is described
in the coding system.
Column 3 - Unit of Measure

Here will be indicated the units in'which the materials are
measured. The abbreviated form will always be used:
i.e. pounds - lbs;.feet board measure-fbm; each - ea; sheets - shts;
cubic years - c.y., etc.
Column 4 - Are Shop Drawings and/or samples Required

This column will require a simple yes or no answer. Practically
all items in a building requfre shop drawings and/or samples, with the
exception of national standards and basic items such as lumber, sheets
oT piywood, gyprock, etc. If the word "no" is inserted in this column
for any particular material, Columns 5, 6, 7 and 8 wj]] be blank or
zero.
Column 5 - Time for Preparation of Shop Drawings (T1). |

Here insert the time that is expected that the supp]iér will
require to prepare and forward shop drawings and/or samples, from the
date that he receives the order to supply the material.
Column 6 - Time for Review (T2)

Here insert the time that would be required by the Contractor to
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review the shop drawings and/or samples to insuré they conform with

" the order requirements and the plans and specifications, and to:submit
them for the required approval.

Column 7 - Time for Architect's Review and Rpproval (T3)

Here insert the estimated time that would be required by the
Architect to review and hopefully approve, and return the shop drawings
“or advise on the acceptance of the sample.

Column 8 - Time for Resubmission (T4)

In the event that the shop drawings and/or samples submitted do
not meet with the Architect's approval ané are returned stamped "Not
Apprbved - Resubmit", a period of time must be provided for the pfe-
paration and re-subﬁission, which would be inserted inthis column.
Column 9 - Time for Fabrication (T5)

This column is for inserting the fabrication time, if any,
for the material in question. |
Columns 10 and 11 - Time for Shipping; from Stores (T6)

or from Supplier (77)

Here the estimated tiﬁé for shipping is inserted in one column
or the other whether it is shipped from the Contractor's stores or
from a Supplier to the job-site.

Column 12 - Lead Time (T8)

Lead time is the arbjtrari]y selected period of time that the user
would 1ike the material on the job-site, prior to it being scheduled
for incorporation into the work.

A sample copy of this Material Information Sheet is illustrated

in Figure 5.



Page 31

3.3 GENERAL STORES MATERIALS LIST (FORM 3)

This form provides up-to-date information on materials which
the Contractor carries in the General Stores, if there 1is one. A
column by column description is as follows:

Column 1 - Materiai Code Number and Column 2 - Material

These are as previously described for Form 2 - Materials Inform-
ation Sheet.

Column 3 - Material Description

This column provides for a further $ub-division of the materials
within the Materiq] Code No. and Material. An example of this would
be as follows:

Material Code No. 0320 is for the material Concrete Reinforce-
meﬁt. Within this material there are many various sizes and types, such
as 3/8 inch diameter rebar; 1/2 inch diameter rebar; 5/8 inch diameter
rebar. This is also described in Chapter II under Coding.

Column 4 - Unit of Measurement

As previously described for Form 2, Materials Information Sheet.
Co]umn 5 - Quantity in Stock, available for the Project

This is self-explanatory,

Column 6 - Will this Material be Re-stocked

A simple yes or no will be inserted in this column for each
. material description. If "no" is inserted here, Columns 7, 8, 9 and
10 will not apply.

Column 7 - Minimum Quantity to be Held in Stock
The quantity inserted here is the "order point". When the

quantity in stock plus the quantity on order falls below the minimum
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quantity to be held in stock and Column 6 is in the affirmative, an
order of the quantity equal to the méximum quantity to be held in
stock minus the quantity in stock and the quantity on order will be
generated.
Column 8 - Maximum Quantity to be Held in Stock

This is the maximum quantity, that should ever be held in stock
at any time. It is the quantity used as the upper 1imit for determining
sizes of re-stocking orders as described above,
Column 9 - Quantity on Order

This quantity is calculated as prev%ous1y described and is the
quantity listed in Column 3 - Quantity, on Form:6 - Material Status Sheet
for General Stores;.which will be described Tater.
Column 10 - De]fvery Date

This is the estimated delivery date for the quantity on order and
is obtained from Column 9 - Material Status Sheet for General Stores.

A sample of the-Generai Stores Materials List - form 3, is

illustrated in figure 6.
3.4 BILL OF MATERIALS ( FORM4)

This form when complete provides é complete 1ist of all materials
required for the whole project, described in detail and assembled together
by work package; A column description of the form is as follows:

Column 1 - Work Package Number

This is now se1f-exp]anatory)as.it ha§ been previously described for

Form 1 -

Column 2 - Material Code Number
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This column is also now self-explanatory as it has’been previously
“described for Form 2 - Materia]srlnformation Sheet.
Column 3 - Material Description
This column was also described previously for Form 3 - General
Stores Materials List. It is a sub-division of the materials within the
Material Code Number and Material.
'Column 4 - Quantity
In this column is listed the quantity of each Material Description.
Column 5 - Unit of Measufe
This column is self-explanatory,
Column 6 - Start Qate of First Activity Requiring this Material
To obtain the date required for this column, it is neceséary
that the CPM Schedule first be prepared. By reference to the schedule,
the start date of the first activity within the work package in qyestion
which requires the item as listed under Material Description will be
found. This data establishes the_]ink'between the Mater%a] Expediting
System and the Construétioh §chedu1e. A date is necessary for-each
individual item Tisted under Material Descfiption

A sample of the Bill of Materials Form & is illustrated in Figure 7.

OUTPUTS

4.1 MATERIAL STATUS SHEET (FOR PROJECT) - FORM 5

This is the first output form of the Material Procurement System
and is probably the most powerful form of the whole system. It gives
complete information on the.materials and the status of the materials

at any point in time as it is progressing through the procurement pro-
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cess. A column description is as follows:
Columns 1 to 3 are now se]f-exp]anatory.
Column 4 - Total Job Quantity
This is the total quantity of each material , and by Code
Number, required for the whole project on the assumption that all
material will be ordered from the same supplier or source. No
“destinction is made between them,and their quantities are summed
together under each material,
Column 5 - Total Quantity from Stores
This is the total quantity of the méteria] by Code Number which
can Be obtained from the General Stores. |
In all cases‘ materials will be first taken from the General
Stores , if these materials are available in General Stores.
The balance of materials not available from General Stores will bg
ordered from a supplier and will be Tisted in Column 6 - TOTAL QUANTITY
FROM SUPPLIER. |
Columns 7, 8 and 9
Provides for a breakdown of the quantities from stores and from
supplier on a work package basis.
Column 10 - Order/Expedite Date
This is the latest date that the material can be ordered or
expedited so that it will arrive on the job in sufficient time for
incorporation into the work when required, according to the CPM
Schedule. |
It is arrived at by substracting T] + Tz + T3 + T4 + T5 + T7 + T8
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(from form 2 - Materials Information Sheet) from start date of the
first activity requiring the material (Column 6 - Form 4) - Bill of
Materials.

Column 11 - Receive Shop Drawings and/or Samples

This is the date that shop drawings for each material are
scheduled to be received at the office of the Contractor, whether the
materials are to be supplied by a supplier or are to be supplied from
General Stores. It is arrived at by adding the time (T1) - Time for
Preparation of Shop Drawings and/or Samples, taken from Material In-
formation Sheet, Form 2, to the Order/Expédite Date, Column 10,
Column 12 - Submit for Approval

This is the aate that shop drawings and/or samples are to be
submitted to the Architect or Owner for approval. It is determined by
adding the time (T2) - Time for Review, taken from Material Tnformation
Sheet, Form 2, to the Receive Shop Drawings and/or Samples Date.
Column 13 - Receive Back From Architect

This is the date that shop drawings énd/or samples are due back
from the Architect. It is determined by adding the Time (T3) - Time
fpr Architects Review and Approval, taken from Materials Information
Sheet, Form 2, to the Submit for Approval date.

If the shop drawings and/or samp]es.were not approved by the
Architect, it is necessary that new shop drawings and/or samples be
prepared and re-submitted to the Architect. To provide for this
epenfua]ity, (T4) - Time for Resubmission, has been included in the
Materials Information Sheet, Form 2. This time allows for the repeat

of the process of preparation and approval.
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Coiumn 14 - Shipping Bate from Stores

This is the scheduled date for the shipping of the material
~ from General Stores. It is best arrived at by subtracting the
. summation of (T6) - Time for Shipping from Stores and (T8) - Lead
Time, taken from Materijals Information Sheet, Form 2, from Start Date
of First Activity requiring this Material, Bill of Materials, Form 4.
“Column 15 - Shipping Date from Supplier

This is the scheduled date for the shipping of the materials
from the supplier. It is determined similar to Column 14, except, of
course, that Time for Shipping from Suppl%er (T7) is substituted for
Time for Shipping from Stores (T6).
Column 16 - De]ive}& Date

This is the scheduled date for the arrival of the materials to
the site. 'It,is determined by suotracting Lead Time (T8) taken from
Materials Information Sheet, Form 2, from Start Date of First Activity

Requiring this Material, Bill of Mateirals, Form 4.
4,2 MATERIAL STATUS SHEET fOR GENERAL STORES (FORM 6)

This Material Status Sheet gives readily up-to-date information
on the status of materials ordered for delivery to General Stores. It
is very similar in make-up to Material Status Sheet for Project (Form 5).
A column by column description is as follows: '
Columns 1 and 2
Need no further explanation.
Column 3 - Quantity

This is the total quantity of material placed on order to rep]enfsh
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the General Stores Stock. It is calculated by first comparing the
"Quantity" in Column 4 of Form 4'- Bill of Materials with the "Quantity
in Stock" - Column 5 of Form 3 - General Stores Material List. If it
is greater, the "Quantity to Order" will equal the "Maximum Quantity
to be held in Stock” Column 8 of General Stores Material List. If it
is less it is to be subtracted from the "Quantity in Stock" and the result-
ing figure compared to the "Minimum Quantity to be held in Stock",
Columns of Form 3 - General Stores Materials List. If it is less, the
"Quantity to order".equals “Maximum Quantjty to be held in Stock" minus
| the "Quantity in Stock" after "Quantity" from Column 4 of Bill of Mat-
erials then been subtracted. |
Column 4 - Unit

- as explained previously
Column 5 - Order/Expedite Date

This is the date upon whfch the replenishing order is to be _
placed and is the samé date as the "Shipping Date'.I o% the material from
the General Stores. |
Column 6 - Receive Shop Drawings

This is calculated by adding "Time for Preparation of Shop
Drawings" (T1) (Column 5, Form 2 - Materials Information Sheet) to
"Receive Shop Drawings" day.
Column 8 - Shipping Date

This is calculated by adding "Time for Fabripation" (T5)
(Column 9, Form 2 - Materials Information Sheet) to "the Refurn

Shop Drawings Date".
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Column 9 - Delivery Date

This is calculated by addiﬁg "Time for Shipping from Supplier"
(T7), (Column 11, Form 2 - Materials Information Sheet) to "Shipping
Date".

A sample is illustrated in Figure 9.
4.3 REQUISITION - FORM 7

This is the last form produced by the system and contains all
necessary information, except the prices,’to enable the preparation and
issuing of company purchase orders.

A separate rgquisition will be produced for:

- a) Each Material Code for material designated to project from
Supplier
b) Each Material Code for matéria] designated to project from
General Stores; as well as for,

¢) Each material to General Stores from Supplier.

Although the form is fairly self-explanatory and straight forward,
a brief detailed description is aé follows:

- Material Code No. - Insert the Material Code No.
Material - Insert the name of the material.
Order Date - Taken from Column 10 - ﬁorm § - Material Status
Sheet for Project or Column 5, Form 6 - Material
Status Sheet for General Stores.
.Source of Supply - Insert Supplier or General Stores.

Shop Drawings énd/or Sampled Required By - Here insert the date

which will be taken from Column 11 - Material Status Sheet

(For Project), Form 5 or Column 6 - Materials Status Sheet
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FORM 1

WORK  PACKAGE

WORK
PACKAGE NO.

-

R P SRS, U

FIGURE 4
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(For General Stores), Form 6. If shop drawings are not
required, N. A. (not applicable)will be inserted.

Shop Drawings and/or Samplex Wi1l Be Returned By - Here insert the

date that the shop drawings and/or samples will be returned to
the supplier, which will be the date found in Column 13 -

Form 5 of Column 7 - Form 6. If shop drawings are not required,
N.A. (not applicable) will be inserted.

Under Material Description the description of each sub-item

of material will be Tisted. Under Quantity. the total quantity of each

sub-item of material will be listed. Undér Unit of Measurement the unit

of measurement for each sub-item of material will be inserted.

The Unit Pr{ce and Total columns will not be filled in by the

computer. These must be filled in manually after the requisition forms
have been produced and after prices have been obtained.

In the Delivery Schedule block, the sub-item of material will

be inserted under Material Description. Under the Quantity column, the

quantities of the sub-items which are required for each work package will

be inserted. The dates to be inserted in Required Shipping Date column

and Required Delivery Date column are dates obtained from Column 14

or 15 and Column 16 of Form 5, or Cotumn 8 and 9 of Form 6.

A sample is iliustrated in Figure 10.

DETAILED FLOW CHART

A detailed flow chart for the system has been prepared and is pre-

sented in the following pages.

" A 1ist of abbreviations of arrays and variables used in the
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flow chart is as follows:

FORM 4
WPNA (I) Work Package No.

MATCOA (I) Material Code No.

MATDESA (I) Material Description

QA (1) Quantity

UNITA (1) Unit of Measurement

SDAA (1) Start date of 1st. activity using the materia]
NOBM No. of "Form 4" cards

FORM 3

MATCOB (I) " Mat. code No.

MATB (I) Material type

MATDESB (1) Material description

UNITB (1) Unit of measurement

QISB (1) Quantitylin stock available for this project
WMRB (I) Ki1l material be restocked

MwNgB (1) Min. quantity to be held

MANQB (1) Max. quantity to be held

QooB (I) Quantity on order

DDB (I) Delivery date

NOGS No. of "Form 3" cards

FORM 2

MATCOC (I) Material code No.

MATC (1) Material type

UNITC (1)

Unit of measurement
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ASRC (I) - Are shop drawings and/or samples required
TIC (I) - Time for preﬁaration of shop drawings and/or samples
T2C (I) - Time for review

T3C (I) - Time for architects approval

T4C (1) - Time for resubmission

T5C (I) - Time for fabrication

T6C (I) - Shipping time (from stores)

T7C (1) - Shipping time (from supplier)

T8C (1) - Lead time ,

NOMS - No. of "Form 2" cards

TQ (I) : - ’Total quantity per material

MAT (I) - Material name

QFST (1) - Total quantity from stores

QFsu (1) - Total quantity from supplier

QWPST . (I) - Quantity per work package form stores
QWPSU (1) - Quantity per work package from suppiier
0EXD (I) - Order'e§pedite date

RSDD (I) - Receive shop drawings and/or samples date
SFA (I) - Submit for approval date

RFA (1) - Receive from architect

SDST (I) - Shipping date from stores

Sosu (I) - Shipping date from supplier .

DD (1) - Delivery date

RD (I) - Return shop drawings and/or samples date
SD (I) - Shipping date (Form 6)

DD1 (1) . - Delivery date (Form 6)



SOURCE (I)
SDRB (1)
SDR (I)
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Source of supply
Date on which shop drawings and/or samples required
Date on which shop drawings and/or samples will be .

returned



g__________n_“_;%

|

{ Start )

|
Initialize
Varizbles

.

=

I=I+1

Read a cara
Yornm L)

 NOBM=T~T

I=0

e

I=I+1

4
Read g card
"Form 3"

rNOGS=I-1
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- Initialize Variables

Step I

This procedure reads the lst card file
(Form 4 Records) and stores it in memory,
each record contains:

WPHA (1), MATCOA )I), MATDESA (I),
QA (I), UNITA (I), SDAA (I)
When a 9's card is encountered the pro-

gram branches to set NOBM equal to the
No., of records read. '

Step 2

This procedure reads the 2nd card file
(Form 3 Records) containing the following
information:

MATCOB (I), MATB (I), MATDESB (I),
UNITB (I), QISE (I), "MRB (I),
MINQE (I), MAXQR (I), QOOB (I),
DDB (I)

- NOGS is set equal to the No., of records
in the 2nd file. ’




I=I+ 1___)
i
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Read a card
"Pcrn 2"

SteE 3

Reads 3rd card file (Form 2 Records)
containing:

LATCOS (I), LATC (I), USITC (I),
ASRC (I), TIC (I), T2C (I),

T3¢ (I), ®uC (I), T5C (I), T6C (I),
T7C (I), T3C (1)

Sets NOMS equal to the No. of records
in file 3.




Step 4 - 2

I=0

-r+ |

\
TQ(1)=0

IS
I=NCBM

——

=MATCOA (J)

TQ(I)=TQ(I) + QA(J)

TQ(J)=TQ(T)
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This procedure scans

the lst file and adds

the "quantity required"

on records with the same
"material code" to get the
total quantity required

for each material, for each
Work Package.
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Step 5 (i? ' Page 53
| N<0

A NeN+1 This procedure scans
NO e the 2nd file and picks
out records containing
the same material code.
. I8 MATCOA It then calculates the
< N=NOGS =M source of each type of
\\\\ TCOB ’////” material (depending on whether
it is 1in stock or on order
y YES L \1:/;8 at the stores) and
T PPy recalculates the quantity
~. PRINT ERROR /// MAT (1) =MATB (N) ' in stock and on order.
. MESSAGE /
—__T'_

IS
QISB(N) < ™.
QA(I)

v

N
NOY YES

. QISB(N) = QISB(N) - QA(J)

(cont'd from above)

/

QFST(I) = QFST(I) + QA(D) It also determines the
+ ' date of the first activity
using this material.

 QFST(J) = QFST(I)

s
SDAA(I) »

SDAA(J)

YES

SDAA(I) = SDAA(J)

e Y

A
20




._._._...
i

AO=QISE(M) + QOOB(N)

713

QFSU(1) = QDSU(I)+QA(J)_]

TR

B
A7 0a0)
<K \\\\\v///////,_NO _______ 45
- | YES !
. |
1s |
SDAA(J)
< o) _§9*J

-QISB(N))

QOOB (N)=QO0B (N) - (QA(J) ]

QFST(I)=QFST(I)HA(J) _]

|

QFST(J)=QFST (1)

v

] eww e ]
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————

Step 6

This procedure scans

the 1st file and

for each record makes

a complete scan of the
3rd file, picking out re-
cords with the same mat-
erial code. It then
calculates all pertinent

date, etc.).

dates (i.e.:- order expedite

OEXD(I):SDAA(I)-TEC(N)-%éC(Nj
~TLC(N)=T5C(X)=T5G(N)

Page 55

. =T7C(N)-T8C(N)
YEXD(I)=SDAA(T )-TIC (i )~T2C (N)-T3C(H)-TLC (1) RSDD(1)=0
~P5C (K)=T6C (N )=T7C (¥)-T8C (N )
4
RSDD(I)=0EXD(1)+TIC(N)
oy - e e oo e e o .

12



Page 56

M

SFA(I)=0EXD(I )+T7IC(I-I)+TZC ()

o y
AFA(T)=8FA(T)+T5C ()

I
T6C (1) >

‘\\\\\.T7C(N) IO 3 SDSU(I):EFA(I)+T5C(H)
NG
8DST(I)=0
| s2sT(D)=zpa(D)ersccn |
R L- 'DD(i3=SDSU(I)+T7C(N) . J
SDSU(T)=0 Tt T T
. ¥y
[ DD(1)=spsT (134150 (31)

(Explanation on preceding page)
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— —
[ H -

Step 7

This procedure prints

out the "Material Status
Sheet - for project"
putting the following
information on each line:

FATOCA(T) MAT(I), UNITA(T),Ta(1),
CFST(I),QrsU(T),WwPNA(I),QrPST(I),
GWPSU(I),0E¥D(I),RSDD(I),5FA(I),
RFA(I),SDST(I),SDSU(I),DD(I)
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“SDSU(T)=0~_ YES

Step 8

-Scan the 1st file, picking out
records with the same "Material
code". Then determine the
source of each material, read-
just the "order expedite date',
if necessary, and flag the
records that have duplicate
"naterial codes" (i.e.: there
may be more than one record
containing information on the
same material, however only one
line for each material code
will be output on the

"material status sheet - for
stores').

?

SOURCE(I)=STORE

SOUFCE(I)=SUs*LIER

| OEXD(I) = SDST(I)

——————— e

y

-
 ITE(J)=0

y

\/
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Step 9

Scan the first file again, ignoring
duplicate material code records, and
for each record scan the 3rd file.
Then calc. “Return Drawings date",
"shipping date", and "delivery date".

A A

Neiel ]

13 P FRILT ELOR 7
N> YES \|  HESSAGE ;
HOMS N\ ///

TATCOA(I)
=MATCOC(N)

RD(I)=SFA(I)

SD(I)=RD+T5C(N

s

Finally print.the "Material

/ Status sheet - for stores",
f DD1(I)=SD(I)+T7C(K) containing the following
T e e e information on each line:
¥ MATCOA(I), MAT(I), TQ(I), UNITA(I),
SKINT A LIGE OEXD(I), RSDD(I), RD(I), SD(I),
FOR: 6 ////// Do1(1)

5




Step 10

Go thru the 1lst file and
set flag "ATE" for each
record equal to 0
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Step 11

Scan the 1lst file one record
at a time, stopping when the
file is exhasted.

.

(0

For each record scan the 2nd file
picking out matching material
codes and calculating shop

——

) : > drawing dates.

. As each record is processed

all records containing the

same material code are flagged

by setting ARE=1 and subsequently
ignored.

TATDESA(I)
=MATDESB(N)

SDRE(T)=2SDD(I) ]

(Cont'd)

"SDE(I)=rFA(I)
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140
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/
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L_EE;HATcoggI)

=

o1

i

J=J+1

\ PRIKT A LINE
FORM 7

l

ATE(J) = 1

(Let
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For each material code a
"Requisition and "Delivery
Schedule" (Form 7")is printed,
First, the headings are printed

IHTCOA(T), TA‘T\(I), OEVD(I),)
Uncz(I), SDRT(I), SDR(I)

Then the first 1ine is printed,
containing the following in-
formation from record I: _
‘\”D“'“(I), CA(TI), USITA(I),
HATOEEA(T), 2A(I), UMITA(I),
sD(I), DD(I) :

Finally the other records,
containing this material code,
are printed out.

MATDESA(J), QA(J), UNITA(J),
MATDESA(J), QA(J), UNITA(J),
SD(J), DD(J)
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CHAPTER 4 - EXAMPLE

GENERAL

In Chapter 3 the Material Expediting System and the forms
were described in detail. In.this Chapter the system and the forms
will be further explained by the use of an example.

One material, WOOD DOORS, having Code Number 0820 in a hypothit-
ical project fitled "SMALL BUILDING" is worked through.

WORK BREAKDOWN STRUCTURE (FORM,1 FIG. 11).

s previously mentioned this one of the first forms completed
and is done fair]& rapidly.
In the example, the project has been divided into 8 work packages

and are as listed on the form.
SCHEDULE

The next three figures are:

(a) CPM Arrow diagraﬁ - figure 12 -

(b) Table showing activities per work package, with early
and late starts - figure 13

(c) Project Calender - figure 14

MATERIALS INFORMATION SHEET (FORM 2,FIGURE 15)

The times shown are working days. Where applicable the time
required for mailing is included in the times shown. At the commence-

ment of each project it may be necessary to review this data on this °

form and update the information where necessary for it to relate
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accurately to the project in question.

GENERAL STORES MATERIALS LIST (FORM 3,FIGURE 16)

The information shown on the form in the example is represent-

ative of what might be found in a typical situation

BILL OF MATERIALS (FORM 4,FIGURE 17)

In the example there are three types or kinds of WOOD DOORS
and all have the same code number 0820.

In this example NG distinctionin thé code number is given
for the different kinds of the same material. This matter is des-

cribed under CODING of Chapter 2.

MATERIAL STATUS SHEET FOR PROJECT (FORM 5, FIGURE 18)

In the example the total job quantity for WOOD DOORS is 20
(Column 4); the total.quantity available from General Stores is 6, -
| leaving the balance of 14 to purchase from a supplier. A1l the WOOD
DOORS for the project appear in the same work packages (No. 8); and
consequently the split in the quantity from General Stores and Supplier
is the same for work package No. 8 as it is for the whole project.
Column 10 - Order/Expedite date is obtained by subtracting
T1 + T2 + T3 Tyt T5 + T7 + T8 (from form 2 - Materials Iﬁformation
Sheet) from Start Date of first Activity requiring the material
(Column 6 - form 4 - Bill of Materials).
ie. 109-(10+5+5+ 170+ 15+ 15+ 15) = 44

2 R TR
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Column 11 - Receive Shop Drawings

Th}s is arrived at by adding-fhe.time - T] (from form 2 -
Materials Information Sheet) to the Order/Expedite Date, , i

i.e. 10 + 44 = 54
Column 12 - Submit for approval

It. is determined by adding the time - T2 - time for review, -
(Form 2 - Material Information Sheet) to the Receive Shop Drawings Date -
Column 11 i.e. 5+ 54 = 59 |
Column 13 - Receive Back Architect -

It is determined by adding T3 (from fd}m 2 - Materials Information
Sheet) to submit for Approval date - Column 12

j.e. 5+59=64
Column 14 - Shipping Date from Stores

It is arrived at by subtracting To + Tg (Form 2 - Materials In-
formation Sheet) form Start Date-of first Activity Requiring this- Mat- |
erial (From 4 - Bill of Materials) '

i.e., 109 - 5 - 5= 99
Column 15 - Shipping Date from Supplier

It is determined similarly to column 14, except of course T, -
Shipping time from Supplier is substituted for T6 - Shipping time from
‘Stores  i.e. 109 -15-5 = 89
Column 16 - Delivery Date

It is determined by subtracting T8 (Form 2 - Materials Information
Sheet) from start date of first activity requiring this material (Form

4 - Bill of Materials)
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j.euy 109 - 5 =104

‘8. MATERIAL STATUS SHEET FOR GENERAL STORES (FORM 6,FIGURE 19)

Column 3 - Quantity

In the example all the quantity of the material in question in
stock was committed to the Project, reducing the stock to zero and
consequently an order is generated equal to the maximum quantity to
be held in stock i.e. 10,
Column 5 - Order/Expedite Date

This is the same day that'the materials are shipped from stores
(Column 14 - form;5, Material Status Sheet for Project). i.e. 99,
Column 6 - Receive Shop Drawings

T] (form 2 - Materials Information Sheet) + Order/Expedite date -
column 5 i.e. 10 + 99 = 109
Column 7 - Return Shop Drawings T2 (form 2- Materials Information Sheet)
+ Receive Shop Drawings - Column 6 .

i.e. 5+ 109 = 114
Column 8 - Shipping ﬁate

T5 (form 2 - Materials Information Sheet) + Return Shop Drawings -
Column 7 i.e.

15 + 114 = 129
Column 9 - Delivery Date

T7 (Form 2 - Materials Information Sheet) + Shipping Date -
Column 8 i.e. | |

16 + 129 = 144
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9. REQUISITION - FORM 7 - FIGURES 20, 21, 22

The Requisition in the example is for ordering of the material
from Supplier to Project.

The order date, the shop drawings required by date: and, the
shop drawings will be returned by date; are all taken froh the material
status sheet for Project - form 5.

The next part of the Requisition Tists the total quantity of materials
required for the project less the quantities to be shipped from General
Stores. |

In the Second Part - Delivery Schedule, the quantities of each mat-
erial required per work package are Tisted and opposite each is 1isted.
Required Shipping date and the Required Delivery Date (both taken from Mat-
eria1 Status for Project - form 5).

In the example the materials in question are all found in the same

work package and consequently the quantities are also the total job

quantities ordered from supplier, *

The Second requisition example is for the material ordered from the

General Stores to be delivered to the project.
Thé third requisition example is for the material ordered from Supplier

to be delivered to General Stores to replenish the stock.

* In the computer program example in Appendix IV all aspects of the system
are illustrated.
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KORK BREAKDOWN STRUCTURE -

|__CARPENTRY, WINDOWS ANM fti FINISHES

FORM 1
SITE WORK AND EXTER'OR f-’.EP.'HVCEéhuT 1
CONCRETE FOUNDATICGHM, COHCEETE FLOOR
AND UNDERSLAB PIPL 2
STRUCTURAL STEEL 3
MASONRY'AND EXTERIOR WALL *NSULATION 4
‘ BUILD:UP ROOF, FLASHING AND ROOF TNSULATION 5
ELECTRICAL WORK 6
| MECHANICAL WORK 7
8

FIGURE 12
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ACTIVITIES PER WORK PACKAGE

ij ACTIVITY DESCRIPTION E.S. L.S. id ACTIVITY DESCRIPTION E.S. | L.S.
Work Package No. 1-Site Work 6-8 Start Backfill Walls and Piers| .22 22
& Ext. Services 8-9 Complete Backfill Walls and
Piers 27 27
12| strip & Clear Site o | o |['e-22| Inst. Undersiab conauits | |
2-3 Cut & Fi11 Material on Site 5 5 '
' 3-26 Install Ext. Water & Sewer
: Work Package No. 3
Services 10 10 Structural Steel
26-36 Complete Entrance Roadway &
Parking Lot 20 9 9-10 | Stick & Bolt Structural Steel | 30 30
36-46 Landscape : 25 s 10-12 Plumb & Torgue Steel and Inst. .
27-34 Ccmplete Water & Sewer . Joists 35 35
Connection S 12-14 | Install Metal Roof Deck 45 45
Work Package No. 2 Work Package No. 4
Concrete Foundation Masonry and Exterior Wall
Concrete Floor and Underslab Insulation
Pipe
3-4 Start Exc. & Pour Footings 10 10 12-16 ggiﬁﬁiixg'ugggc%rzéggk’ 45 - 45
4f5 Complete Exc. & Pour Footings 14 14 16-19 Complete Ext. Conc. Block
4-6 Start Found. Walls & Int. Piers] -~ 14 14 Conduit & D. Frames 53 53
6-7 Complete Found. Walls and 16-25 Ext. Brick Masonry & Insulat-
Piers 22 22 ion 53 53

FIGURE 13

69 abed



ACTIVITIES PER WORK PACKAGE

iJ ACTIVITY DESCRIPTION E.S. L.S. ij ACTIVITY DESCRIPTION E.S. | L.S.
Work Package No. 5 23-32 Etagt Install Elect. & Mech. - 88
Built-up Roof, Flashing and _ auip. .
Roof Insulation 29-31 Start Install Heaters 83 83
29-37 Start Fin. Ceiling & L. Fix-
: tures . _ 83 83
20-21 | Inst. Built-up Roof 66 68 29-30| - Complete Branch Piping Con-
' Frames 83 83
Work Package No. 6 32-38 Complete Elect. & Mech. Equip. 93 98
Electrical Work 31-38 Complete Install Heaters 93 93
37-40 Complete Fin. Ceilings & L.
12-16 Start Ext. Conc. Block Conduit :
& Door Frames 45 45 Fixtures ‘ 88 104
16-19 Complete Ext. Conc. Block, 38-39 Complete Heating System 103 103,
| Conduit & D. Frames 53 53 45-46 Complete Finish Elect. & Mech.| 122 122
16-23 Move in Elect. & Mech. €quip. 53 53 .
16-24 Start Main Piping Conduit, Work Package No. 7
Ducts & Test ' 53 53 Mechanical Work
18-22 Inst. Underslab conduit &
Pour Conc. Floor . 60 68 11-13 Inst. Underslab Pipe 35 40
22-28 Start Branch Piping, conduit, ' 15-17 Inst. Plumbing Stacks 50 - 55
Pucts, Int. walls & D. Frames | 71 3 || 16-23| Move in Elect. & Mich Equip. | 53 53
24-29 Complete Main Piping conduit, .
Ducts & Test A 78 '

FIGURE 13 (CONT'D)

0/ 9bed



ACTIVITIES PER WORK PACKAGE

ij ACTIVITY DESCRIPTION E;S. L.S. iJ ACTIVITY DESCRIPTION E.S. L.S.
16-24 Start main piping, conduit 19-20 Inst. Roof Curbs & Cants 61 61
Ducts & Test 53 53 22-28 Start Branch piping conduit
17-20 Inst. Roof Drains 60 65 . ducts int. walls & D. Frames 71 73
23-32 Start Install Elect. & Mech. 25-28 Install Windows 73 73
Equip. n 88 25-35 Inst. Ext. Entrances & Ext.
22-28 Start Branch Piping, conduit, ; Doors 73 73
. ducts int. walls and D. Frames 7 .73 29-30 Complete Branch Piping Conduit
24-29 Complete Main Piping Conduit Ducts Int, walls & D. Frames 83 83
Ducts and Test W1 78 l29-37| start Fin. Ceilings & L.
29-30 Complete Branch piping, Fixtures 83 283
Songgl;egucts 1nt.‘walls & 83 83 28-33 Start. Finish Carpentry 83 83
: ' 37-40 Complete Finished Ceilings &
32-38 Complete Elect. & Mech. Equip. 93 ' 98 L. Fixtures 88 104
30-39 1 Install plumbing fixtures 93 9 33-42| Complete Finish Carpentry 93 104
45-4§ Complete Finish Elect. & Mech. 122 122 39-40 Start. Res. Flooring 106 106
40-41 Complete Res. Flooring 109 109
Work Package No. 8
Carpentry, Windows & A1l 40-42 Start Hang qurs 109 109
Finishes 42-44 Complete Hang Doors 112 112
| ~ 43-44 | Start Painting 172 112
12716 ) BEart Ext. cone. Block Conduit| b || 44-45| compiete Painting 17 17
16-19 Complete Ext. Conc. B]bck,
Conduit & D. Frames 53 53

FIGURE 13 (CONT'D)
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MATERIALS INFORMATION SHEET

]

FORM 2
2 . 3 | 3 7 5

! UNIT OF ~|ARE SHOP TIME FOR  [TIME FOR TIME FOR | TIME FOR TIME FOR TIHE Fgg SHIPPING
WATERIAL CODE MATERTAL MEASURE . |DRAMINGS PREPARATION [REVIEW ARCHITECT'S| RESUBMISSION FABRICATION LEAD
. AND/OR OF SHOP REVIEW AND . FROM STORES FROM SUPPLIER TIME

SAMPLES REQ'D | DRAWINGS ETC . APPROVAL ) _—

YES/1Q TY . T2 T3 T Th TS Té6 T7

0820 H0OD DOORS A YES 10 5 5 10 15 5 15 5

¢/ abed
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BILL OF MATERIALS

R R

FORM 4

WORK PACKAGE NO.

'
MATERIAL CODE I
N H

2

g

START DATE OF

6

- QUANTITY UNIT OF FIRST ACTIVITY
0. i MATERTIAL DESCRIPTION MEASURE REQUIRING TING
) N MATERIAL
] w820 : Z' -8 X 7' X 1 3/4" HOOD SLAD MAH. DODRS, SOLID CORE 15 EA 109
8 0820 2' x 4" x 7' x 1 3/4" WOOD SLAD MAH. DOORS, SOLID CORE 3 €A 109
3 0820 3' x 7° x 2" WOOD PLANK OAK DOORS 2 EA 109 )
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* MATERIAL STATUS SHEET FOR

PROJECT
. FORY 5
VATSPIAL | MATERIAL - |wurt oF> | toran | ToraL |toman ‘ oorr /| wremve T |somerr —2| ponrrvi 18
2ATSRIAL - . ) AR suns ORTVE | i o DELIVERY
GOLE 10, vEASURE | JOB QUANTLTY [QUANTLTY |QUANTITY PER WOIK PACKAGE . | pyiupyTE |y Folt BACK Fiou SHAPFLRG DATS DATE
QUANTITY | FROM FROM DATE DRANIZGS |APFROVAL | AKCHIT C” .
STORES [SUPPLIER ] 3 AND/OR 1 15
WOIK QUANTITX [QUANTITY SAHPLES FACH FCM
. PACKAGE | Fich FROM STCHES | SU'SpLIZR
: 40. STORES  [SUPPLIER
0820 WOOD DOORS EA 20 6 14 8 6 14 a8 54 59 64 99 29 102

L LY ey

9, 9beqd
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FOR GENERAL STOHES

‘FORM 6
MATERIAL MATERIAL QUANTITY UNIT OF ORDER/EXPEDITE RECEIVE . RETURN SHOP SHIPPING DATE | DELIVERY DATE
CODE HO. MEASURE DATE siop DRAUINGS ETC.
DRAWINGS ETC,
820 WO0D DOORS 10 EA 99 109 14 129 144
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Form 7
REQUISITION
MATERIAL ORDER
CODE NO. - 0820 MATERIAL - WOOD DOORS DATE 44 -
SOURCE OF SuPpLY: SUPPLIER
SHOP DRAWINGS SHOP DRAWINGS WILL
REQUIRED BY: BE RETURNED BY: 64
MATERIAL uggT UNIT
DESCRIPTION QUANTITY MEASURE PRICE TOTAL
2' - 8" x 7' x 1 3/4" -
WooD
SLAB MAH. DOORS : R
- SOLID_CORE 10 EA B
]
O
DELIVERY SCHEDUL
' UNIT REQUIRED | REQUIRED
MATERIAL OF SHIPPING | DELIVERY
DESCRIPTION QUANTITY MEASURE DATE DATE
2V -8 x 7' x1 3/4" T
" "WooD .
[T 7 "SLAB MAH. DOORS 7
SOLID CORE 10 EA 89 104 - |

FIGURE 20
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Form 7
REQUISITION
QSBERﬁSE4619-1-5-0820 VATERIAL ~ WOOD DOORS g§$ER 44
SOURCE OF SUPPLY: . GENERAL STORES
SHOP DRAWINGS SHOP DRAWINGS WILL "
REQUIRED BY: BE RETURNED BY:
MATERIAL uggT UNIT
DESCRIPTION QANTITY | wenstre PRICE TOTAL
2' - 8" x 7' x 1 3/4" WOOD L
SLAB MAH. DOORS )
SOLID CORE 6 EA “
— P I .o
.-.._+
-
DELIVERY SCHEDUL
UNIT | REQUIRED | REQUIRED
MATERIAL OF SHIPPING | DELIVERY
DESCRIPTION QUANTITY | MEASURE DATE DATE
2' - 8" x 7' x 1 3/4" WOOD A
| SLAB MAH. DOORS ]
SOLID CORE 6 EA 99 104 |
v ]

FIGURE 21
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Form 7
REQUISITION
MATERIAL i _ ORDER
CODE NO, 4619-1-5-0820 MATERIAL -~ WOOD DOORS DATE 44
SOURCE OF SUPPLY: SUPPLIER
SHOP DRAWINGS 54 SHOP DRAWINGS WILL 64
REQUIRED BY: BE RETURNED BY:
MATERIAL UgéT UNIT
DESCRIPTION QUANTITY MEASURE PRICE TOTAL
2 -8 x 7' x 1 3/4" WOOD o
| SLAB MAH. DOORS SOLID 1
CORE o 9 EA
20 - 4" x 7' x 1 3/4" WOOD _ -
SLAB MAH. DOORS SOLID B
CORE B 3 EA
3' x 7' x 2" W0OD PLANK T
OAK_DOORS 2 EA 7
DELIVERY SCHEDUL
UNIT REQUIRED | REQUIRED
MATERIAL OF SHIPPING | DELIVERY
DESCRIPTION - QUANTITY MEASURE DATE DATE
2' - 8" x 7' x 1 3/4" WoOD -
| SLAB MAH. DOORS SOLID . N
CORE 9 EA 89 06
2' - 4" x 7' x 1 3/4"
WOOD SLAB MAH.
SOLID CORE 3 EA 89 104
3' x 7' x-2" WOOD
OAK PLANK 2 EA 89 104

FIGURE 22
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CHAPTER 5
CONCLUSIONS -

GENERAL -

In Chapter I the existing situation as to the process of estimating,
ordering and delivering of materials tc construction projects, with
particular emphasis placed on the situation in the island of Newfoundland,
was ouf]ined. Because of the many variables and, uncertainties it
was shown that there was a great need for a system or standard method to
improve or streamline the procedure.

In subsequent chapters 2 and 3 in a step by step sequence, the
development of the Material Expediting System was outlined and in

Chapter 4 an example in the use of the system was given.
ADVANTAGES

The Proposed Material Expediting System provides a proceés for

the complete 1isting of all materials required for a project; the Tump-

ing together in manageable quantities of 1ike materials for delivery to

the project at the apbroximate rate at which they are to be incorporated
~into the work. It is directly related to a construcfion or CPM Schedule.

It takes into consideration the variables, procedures and approvals

that are necessary; it determines the status of the materials while

in the procurement process; and finally, it produces information on

each -material in the form of a requisition which contains pertinent

information required by a supplier and a delivery schedule for the

material, from which purchase orders can be made.




Page 82

I'n order to accomplish this, very little addifiona] work, inform-
ation or input is required, over.and above what is normally required for
any construction or Project Management firm to procure materials econ-
omically and on a schedule, What the proposed Material Expediting System
does, is merely provide a system to receive procesé and out
put ' the required information in a form that is most useful.

A lot of information on each material such as: are shop drawings
and/or samples required? Estimated time for Architects approval;
estimated manufacturing time; gstimated delivery time etc., is the same
irregardless which project it is being provided for, and once inputted
into the system, it.is permanently stored for iﬁstant recall for the
ordering of materials for project after project. It can be easily
updated when necessary.

The advantages and benefits of adopting and using this system
far outweigh, the modest costs.invo1ved. As every Project Manager
or Construction Managér has experienced at one tihe or other, there
are occasions during the construction of some projects when information
on the project schedule, the project cost, the status of material
deliveries etc. was not known. CPM/Pert/Precedence Scheduling, Cost
Control; and Resource Allocation are valuable tools recently developed
to aid the Project Manager manage projects more efficiently. The
Material Expediting System may be added to this 1ist of important aids
and adopted for use by Progressive Construction aqd Project Management

Organizations.

OBSERVATIONS & LIMITATIONS

In the requisition form 7 it is specified that the prices will be
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determined by the purchasing agent and inserted by him. This is
necessary because the pricing 151 in almost all cases, a negotiated
matter on an individual purchase basis.

The size of the delivery shipments are determined by the quantities
required per work package and these are the quantitfes 1isted in the
Delivery Schedule of the Requisition. The supplier after receiving
the requisition and after reviewing the delivery quantities, may wish to
adjust or vary the delivery quantities. This variation may be determined
by the sizes of the shipments, the method of.shipment and the size of
shipment necessary to qualify for a more economical freight rate.

One of the purposes for breaking a project down into work packages,
which in their defermination have the arbitrary constraint of duration
eg, 90 days, is to determine the sizes of shipments. These shipment
sizes may be varied however, after review by the supplier to best suit
the method of shipment and the most favourable freight rates. An
area for future research might be a practical method for determining the
quantities of materials for each Construction Schedule activity and
accumulate the quantities for each material per activity to arrive at
economical shipment sizes i.e., truck load, tractor-trailer load,
railcar load etc.

A limitation of the system and anothér area for future research
is that no consideration is given to the amount of storage space that
may be avai]ablé at the site and the different types of storage space
fhat'the various materials would require such as open storage space,
covered storage space or covered storage requiring heat.

In the Bill of Materials form 4, Column 6 the starf date of the
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first Qctivity in the Work Package, requiring the particular material -
is inserted. A 1ink is not estabTishéd with the CPM Schedule. Fur-
ther research_may be carried out 1inking the CPM program to the Material
Expediting System's program by using the (i, j) number of the activity
and determining what benefjt or flexibility is gained.

In the example in Chapter 4 an extension of the code is not used
to represent each individual kind of material within a general material
type, eg. 0820 represents all wood doors; where as the code could be
expanded to code for each individual kind of door. eg. 0820.01.

‘might represent - 2' - 8" x 7' - 0" x 1 3/;" solid core slab mahogany
doors. *

This might be bérticu]ar]y useful in relating the materials required

for the project (Bill of Materials - form 4) to the materials in General

. Stores available for use in the project (General Stores Materials List -
form 3). In the example the re]ation is made by the material description.
This is left open as a user option.

In the example the dates are project day numbers for the particular
project in question. In order to convert to calendar dates it is necessary
to refer to thé project calendar (éee figure 14),

For manual, use of the system this is the easiest and most straight

' forward procedure. In the computer application of the system, a feature
can be written into the program'to output directly calendar days. In the
computer example in Appendix No. IV project day numbers are out putted

and the calendar date conversion has not been incorporated into the program.

IMPLEMENTATION

To introduce this System into an existing Construction Organization

* See Coding - Chapter 2
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would nbt be.difficu1t. It need not require additional personnel.
Some training of the purchasing and expediting personnel naturally
would be required.

This, however, only involves some understanding of the system;
instructions on the input to the system; and what the computer will do
etc. In order to better use the system more efficienf1y, some rearrang-
iﬁg of a company's organization may be necessary, depending of course on
the existing arrangement.

A11 of the different types of construction organizations mantioned
in Chapter I, which are:

Project Management

Construction Management

General Contractor

In-hours Work

Separate Contracts Controlled by the Owner
all puréhase materials_and expedite their delivery to the project.
A11 of these organizations would therefore benefit from the Matgria]
Expediting system.

In the implementation of the system in a medium-size General Con-
struction Company (see Organizational chart figure 1) input would come
both from the Chief Estimator's Department and the Project Manager's

Department.

The output and updating i§ primarily the responsibility of the
Project Manager, however; as would be normally expected, from time to time

information will be supplied from the Chief Estimator's Department.
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COSTS

The costs of implementing ana using this system are modest,in addition
to what ever minor costs would be necessary to train the personnel. Thg
following are representative costs for a single project of a total value of

“approximately $5,000,000.00: ‘
Initial Set Up

Purchase of Forms - $ 50.00
Key Punching _ - $ 100.00
Computer Time - $ 200.00

$ 350.00

Cost per Month
~ Key Punching - $ 50.00
- Computer Time - $ 150.00

$ 200.00
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APPENDIX NO.I

BUILDING CONSTRUCTION INDEX-FEBRUARY 1966 MODIFIED

SECTION 1.0 PLANNING

.10 Correspondence with Owner
.20 Correspondence with Consultants
.30. Meeting Records
.40 Budgets and
.50 Surveys and Soils Reports
.60 Planning Notes
.70 Preliminary Drawings
.80 Outline Specifications
.90
to
.94 Permjts
.95
to
.99  Insurance
SECTION 2.0 PRE-CONTRACT FORMS

2.10 Invitation to Bid

2.20 Instructions to Bidders
2.30 Bidding Form

2.40 Contract Form

2.50 General Conditions

2,60 Supplementary Genera] Conditions



SECTION

SECTION

SECTION

SECTION

2.70

4.0

4.10
4.20

4.30

5.0

6.0

6.10
6.20
6.30
6.40
6.50
6.60
6.70
6.80
6.90
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Special Conditions
SPARE

WORKING DRAWINGS

Preliminary For Study
Issued For Tender

Issued For Construction

SPECIFICATIONS FORMAT AND FILING INDEX

(CONSTRUCTION)

Under this section the Uniform System for Construction

Cost Accounting Guide will be used. See Appendix No. II.

CONTRACT ADMINISTRATION

Site Inspection Reports

Consh]ting Engineer Reports

Outside Inspection and Testing Reports

Minutes of Job Meetings

Progress Reports

Photographs

Deficiency Lists ) ‘.
Instructions’ i

Changes/Extra Work Orders



SECTIQN 7.0

7.10

7.20

7.30

SECTION 8.0

SPECIAL CONTRACTS

Certificates & Payments
Warranties & Bonds

Maintenance Manuals

ADMINISTRATION PROJECT OFFICE ETC.
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UNIFORM SYSTEM FOR CONSTRUCTION SPECIFICATIONS, DATA FILING & COST ACCOUNTING

0

CONDITIONS OF THE CONTRACT
0000-0099. unassigned

GENERAL REQUIREMENTS

0100, ALTERNATES OF PROJECT SCOPE
0101-0109 unassigned

0110, SCHEDULES & REPORTS
0111-0119, unassigned

0720, SAMPLES & SHOP DRAWINGS
0121-0129, unassigned

0130, TEMPORARY FACILITIES
0131-0139. unassianed

0140, CLEANING UP

0141-0149. unassigned

0150, PROJECT CLOSEOUT
0151-0159, unassigned

0160, ALLOWANCES

0161-0199. unassigned

SITE WORK

0200. ALTERNATES

0201-0209. unassigned
0210.CLEARING OF SITE

0211. Demolition

0212, Structures Moving
0213.Clearing & Grubbing
0214-0219. unassigned

0220, EARTHWORK

0221.Site Grading
0222.Excavating & Backfilling
0223. Dewatering

0224, Subdrainage

0225.S011 Poisoning
0226.50i1 Compaction Control
0227.S011 Stabilization
0228:-0229. unassigned
0230.PILING

0231-0239, unassigned

0240, SHORING & BRACING
0241.Sheeting

0242, Underpinning
0243.-0249. unassigned
0250. SITE DRAINAGE
0251.-0254. unassigned
0255. SITE UTILITIES
0256.-0259. unassigned
0260. ROADS & WALKS
0261. Paving

0262. Curbs & Gutters
0263. Walks

0264. Road & Parking Appurtenances

0265.-0269. unassigned
0270. SITE IMPROVEMENTS
0271. Fences '
0272. Playing Fields

0273, Fountains :
0274. Irrigation System
0275. Yard Improvements
0276.-0279. unassigned
0280. LAWNS & PLANTING
0281. Soil Preparation
0282. Lawns

0283. Ground Covers & Other Plants
0284. Trees & Shrubs
0285.-0289. unassigned
0290. RAILROAD WORK
0291.-0294. unassigned
0295, MARINE WORK

0296. Boat Facilities
0297. Protective Marine Structures
0298. Dredging

0299, unassigned

CONCRETE

0300, ALTERNATES

0301.-0309. unassigned

0310. CONCRETE FORMWORK

0311.-0319, unassigned

0320. CONCRETE REINFORCEMENT
0321.-0329. unassigned

0330. CAST-IN-PLACE CONCRETE
0331. Heavyweight Aggregate Concrete
0332, Lightweight Aggregate Concrete




0333. Post-Tensioned Concrete
0334. Nailable Concrete

0335. Specially Finished Concrete.
0336. Specially Placed Concrete
0337.-0339. unassigned

0340. PRECAST CONCRETE

0341. Precast Concrete Panels
0342. Precast Structural Concrete
0343. Precast Prestressed Concrete
0344.-0349. unassigned

0350. CEMENTITIOQUS DECKS

0351. Poured Gypsum Deck :
0352. Insulating Concrete Roof Decks
0353. Cementitious Unit Decking
0354.-0399. unassigned

MASONRY

0400. ALTERNATES

0401.-0409. unassigned

0410. MORTAR

0411.-0419. unassigned

0420. UNIT MASONRY

0421. Brick Masonry

0422. Concrete Unit Masonry

0423. Clay Backing Tile

0424, Clay Facing Tile

0425, Ceramic Veneer

0426. Pavers

0427. Glass Unit Masonry

0428. Gypsum Unit Masonry

0429, Reinforced Masonry

0430.-0439. unassigned

0440. STONE

0441. Rough Stone

0442. Cut Stone

0443, Simulated Stone

. 0444, Flagstone
0445.-0449. unassigned

0450. MASONRY RESTORATION

0451,-0499. unassigned

METALS

0500. ALTERNATES
0501.-0509. unassigned
0510. STRUCTURAL METAL
0511.-0519. unassigned
0520. METAL DECKING
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0521.-0529. unassigned
0530. METAL DECKING
0531.-0539. unassigned
0540. LIGHTGAGE FRAMING
0541.-0549. unassigned
0550, MISCELLANEOUS METAL
0551. Metal Stairs

0552, Floor Gratings

0553. Construction Castings
0554.-0569. unassigned
0570. ORNAMENTAL METAL
0571.-0579. unassigned
0580. SPECIAL FORMED METAL
0581.-0599. unassigned

CARPENTRY

0600. ALTERNATES
0601.-0€09. unassigned
0610. ROUGH CARPENTRY
0611. Framing & Sheathing
0612. Heavy Timber Work
0613.-0619. unassigned
0620. FINISH CARPENTRY
0621. Wood Trim

0622. Millwork

0623. Wood Siding
0624.-0629. unassigned
0630. GLUE-LAMINATED WOOD
0631,-0632. unassigned
0640. CUSTOM WOODWORK
0641. Custom Cabinetwork
0642. Custom Panelwork
0643.-0699. unassigned

MOISTURE PROTECTION

0700, ALTERNATES

0701.-0709, unassigned

0710. WATERPROOFING.

0711. Membrane Waterproofing
0712. Hydrolithic Waterproofing
0713. Liquid Waterproofing
0714. Metallic Oxide waterproof1ng
0715. Dampproofing

0716. Bituminous Dampproofing
0717. Silicone Dampproofing
0718, Cementitious Dampproofing
0719. Preformed Vapor Barrier
0720, BUILDING INSULATION



0721.-0729. unassigned

0730, SHINGLES & ROOFING TILES
0731. Asphalt Shingles

0732. Asbestos-Cement Shingles
0733. Wood Shingles

0734, Slate Shingles

0735. Clay Roofing Tiles

0736. Concrete Roofing Tiles
0737. Porcelain Enamel Shingles
0738, Metal Shingles

0739. unassigned

0740. PREFORMED ROOFING & SIDING
0741. Preformed Metal Roofing
0742. Preformed Metal Siding
0743, Asbestos-Cement Panels
0744. Preformed Plastic Panels
0745. Custom Panel Roofing
0746.-0749. unassigned

0750. MEMBRANE ROOFING

0751.- Builtup Bituminous Roofing
0752, Prepared Rol1 Roofing
0753. Elastic Sheet Roofing
0754, Elastic Liquid Roofing
0755.-0759. unassigned

0760. SHEET METAL WORK

0761. Sheet Metal Roofing

0762. Metal Roof Flashing & Trim
0763. Gutters & Downspouts
0764. Grilles & Louvers

0765. Decorative Sheet Metal Work
0766.-0769. unassigned’

0770. WALL FLASHING

0771.-0779. unassigned

0780. ROOF ACCESSORIES

0781. Plastic Skylights

0782. Metal-Framed Skylights
0783. Roof Hatches

0784. Gravity Ventilators
0785.-0789. unassigned

0790. CALKING & SEALANTS
0791.-0799. unassigned

DOORS, WINDOWS, & GLASS

0800. ALTERNATES

0801.-0809. unassigned

0810, METAL DOORS & FRAMES

0811. Hollow Metal Doors & Frames
0812. Aluminum Doors & Frames

0813. Stainless Steel Doors & Frames

0814. Bronze Doors & Frames
0815. Metal Storm & Screen Doors

Page 95

0816.-0819, unassigned

0820. WOOD DOORS

0821.-0829. unassigned -

0830. SPECIAL DOORS

0831, Sliding Metal Foredoors
0832. Metal-Covered Doors
0833. Coiling Doors & Grilles
0834. Plastic-Faced Doors
0835. Folding Doors

0837. Sliding Glass Doors
0838. Tempered Glass Doors
0839. Revolving Doors

0840. Flexible Doors

0841, Hangar Doors
0842.-0849. unassigned

0850. METAL WINDOWS

0851, Steel Windows

0852. Aluminum Windows

0853. Stainless Steel Windows
0854. Bronze YWindows

- 0855.-0859. unassigned

0860. WOOD WINDOMS
0861.-0869. unassigned
0870, FINISH HARDWARD
0871.-0874. unassigned
0875. OPERATORS
0876.-0879. unassigned
0880, WEATHERSTRIPPING
0881.-0884. unassigned
0885, GLASS & GLAZING
0886.-0889. vnassianed
0890, CURTAINWALL SYSTEM
0891.-0894. unassigned-
0895. STOREFRONT SYSTEM
0896.-0899, unassigned

FINISHES

0900. ALTERNATES

0901.-0909. urassigned

0910. LATH & PLASTER

0911. Metal Furring

0912. Metal Lath

0913. Gypsum Lath

0914. Plaster Partition Systems
0915. Plastering Accessories
0916. Plaster

0917, Stucco

0918, Acoustical Plaster

‘0919. Plaster Moldings & Ornaments

0920.-0924. unassigned
0925. GYPSUM DRYUALL
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0926, Gypsum Drywall Systems
0927. Gypsum Drywall Finishing

0928.-0929. unassigned

0930. TILE WORK

0931. Ceramic Tile

0932. Ceramic Mosaics

0933, Quarry Tile

0934, Glass Mosaics

0935. Conductive Ceramic Tile
0936.-0939. unassigned °
0940, TERRAZZO

0941. Cast-In-Place Terrazzo

0942. Precast Terrazzo

0943. Conductive Terrazzo

0944, unassigned

0945, VENEER STONE

0946.-0949. unassigned

0950, ACOUSTICAL TREATMENT
0951.-0954, unassigned

0955. WOOD FLOORING

0956." Wood Strip Flooring

0957. Wood Parguet Flooring

0958. Plywood Block Flooring
0959. Resilient Wood Floor Systems
0960. YWood Block Industrial Floor
0961.-0964. unassigned

0965, RESILIENT FLOORING

0966. Resilient Tile Flooring
0967. Resilient Sheet Flooring
0968. Conductive Resilient Floors
0969. unassigned

0970. SPECIAL FLOORING

0971. Magnesium Oxychloride Floors
0972. Epoxy-Marble-Chip Flooring
0973, Elastomeric Liquid Flodrs
0974. Heavy-Duty Concrete Toppings
0975.-0979. unassigned

0980. SPECIAL COATINGS

0981. Cementitious Coatings

0982. Elastomeric Coatings

0983. Fire-Resistant Coatings
0984.-0989. unassigned

0990. PAINTING

0991.-0994. unassigned

0995. WALL COVERING

0996.-0999. unassigned

SPECIALTIES
1000. ALTERNATES

1001.-1009. unassigned
1010. CHALKBOARD & TACKBOARD
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1011, CHALKBOARD & TACKBOARD
1011,-1012. unassigned

1013. CHUTES

1014, unassigned

1015. COMPARTMENTS & CUBICLES
1016, Hospital Cubicles

1017. Office Cubicles

1018, Toilet & Shower Compartments
1019. unassianed

1020. DEMOUNTABLE PARTITIONS
1021.-1022. unassigned

1023. DISAPPEARING STAIRS
1024, unassigned

1025, FIREFIGHTING DEVICES
1026.-1029, unassigned

1030, FIREPLACE EQUIPMENT
1031. Fireplace Accessories
1032. Fireplace Dampers

1033. Prefabricated Fireplaces
1034. unassigned

1035. FLAGPOLES

1036. unassigned

1037. FOLDING GATES
1038.-1039. unassigned

1040, IDEMTIFYING DEVICES
1041, Directory & Bulletin Boards
1042. Painted Signs

1043. Plaques

1044, Three-Dimensional Signs
1045.-1049. unassigned

1050, LOCKERS -

1051.~1052. unassigned

1053. MESH PARTITIONS

1054, unassigned :

1055, POSTAL SPECIALTIES
1056.-1059. unassigned

1060. RETRACTABLE PARTITIONS
1061. Coiling Partitions
1062. Folding Partitions
1063,-1064, unassigned

1080. TOILET & BATH ACCESSORIES
1081.-1084, urassigned

1085, VENDING MACHINES
1086.-1089. unassigned

1090. WARDROBE SPECIALTIES
1091.-1094, unassianed

1095. WASTE DISPOSAL UNITS
1096. Packaged Incinerators
1097. Waste Compactors
1098.-1099. unassigned
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EQUIPMENT

1100. ALTERNATES
1101.-1109. unassigned
1110. BANK EQUIPMENT

1117, Depository Units
1112. Outdoor Tellers' Windows
1113. Safes

1114, Tellers' Counters
1115. COMMERCIAL EQUIPMENT
1116.-1117. unassigned
1118. DARKROOM EQUIPMENT
1119. unassigned

1120, ECCLESIASTICAL EQUIPMENT
1121, Baptismal Tanks

1122. Bells

1123. Carillons

1124, Chancel Fittings
1125. Organs

1126. Pews

1127.,-1129. unassigned
1130. EDUCATIONAL EQUIPMENT
1131. Art & Draft Equipment
1132. Audio-Visual Aids
1133. Language Laboratories

1134, Prefabricated Astro-Observatories

1135. Vocational Shop Equipment

" 1136.-1139. unassigned

1140. FOOD SERVICE EQUIPMENT

" 1141. Bar Units

1142. Cooking Equipment

1143, Dishwashing Equipment
1144, Food Preparation Machines
1145, Food Preparation Tables
1146. Food Serving Units
1147. Refrigerated Cases
1148. Sinks & Drainboards
1149, Soda Fountains

1150. GYMNASIUM EQUIPMENT
1151,-1154. unassigned

1155, INDUSTRIAL EQUIPMENT
1156.-1159. unassigned

1160. Laboratory Equipment

“1161.-1162. unassigned

1163. LAUNDRY EQUIPMENT
1164, unassigned

1165. LIBRARY EQUIPMENT
1166. Bookshelving
1167. Bookstacks

1168. Charging Counters
1169. -unassigned

1170. MEDICAL EQUIPMENT

12.
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1171. Dental Equipment

1172, Examination Room Equipment
1173. Hospital Casework

1174, Incubators

1175. Patient Care Equipment
1176. Radiology Equipment

1177. Sterilizers

1178. Surgery Equipment

1179, Therapy Equipment

1180. MORTUARY EQUIPMENT
1181.-1184. unassigned

1188. PRISON EQUIPMENT

1189. unassigned

1190. RESIDENTIAL EQUIPMENT

1191. Central Vacuum Cleaner
1192. Kitchen & Lavotory Cabinets
1193. Residential Kitchen Equipment
1194, Residential Laundry Equipment
1195. Unit Kitchens

1196. unassigned

1197. STAGE EQUIPMENT

1198.-1199, unassigned

FURNISHINGS

1200. ALTERNATES
1201.-1209. unassigned
1210. ARTWORK
1211.-1219. unassigned
1220. BLINDS & SHADES
1221.-1229. unassigned
1230. CABINETS & FIXTURES
1231. Classroom Cabinets
1232. Dormitory Units
1233.-1239. unassigned
1240. CARPETS & MATS
1241.-1249. unassigned
1250. DRAPERY & CURTAINS
1251. Drapery Tracks
1252. Fabrics
1253.-1259, unassigned
1260. FURNITURE
1261.-1269. unassigned
1270. SEATING

1271. Auditorium Seating
1272. Classroom Seating
1273. Stadium Seating
1274.-1299. unassigned
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14

SPECIAL CONSTRUCTION

1300. ALTERNATES
1301.-1309. unassigned
1310. AUDIOMETRIC ROOMS
1311.-1314. unassigned
1315, BOWLING ALLEYS
1316.-1319. unassigned
1320. BROADCASTING STUDIOS
1321.-1324. unassigned
1325, CLEAN ROOMS
1326.-1324, unassigned
1325. CLEAN ROOMS
1326.-1329. unassigned
1330. CONSERVATORIES
1331.-1334. unassigned
1335. HYPERBARIC ROOMS
1336.-1339. unassigned
1340, INCINERATORS
1341.-1344. unassigned
1345, INSULATED ROOMS
1346.-1349..unassigned
1350, INTEGRATED CEILINGS
1351.-1354. unassigned
1355. OBSERVATORIES
1356.-1359. unassigned
1360. PEDESTAL FLOORS

© 1361.-1364. unassigned

1365. PREFABRICATED STRUCTURES

- 1366.-1369. unassigned

1370. RADIATION PROTECTION
1371.-1374. unassigned

1375. SPECIAL CHIMNEY CONSTRUCTION
1376.-1379. unassigned

1380. STORAGE VAULTS

1381.-1384. unassigned

1385.. SWIMMING POOLS

1386.-1389. unassigned

1390. Z0Q STRUCTURES

1391.-1399. unassigned

1400. ALTERNATES

~ 1401.-1409. unassigned

1410. DUMBWAITERS
1411.-1419, unassigned,
1420. ELEVATORS
1421.-1429. unassigned
1430. HOISTS & CRANES
1431.-1439. unassigned
1440. LIFTS
1441.-1449. unassigned

15
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MECHANICAL

1500, ALTERNATES

1501.1509. unassigned

1510. BASIC MATERIALS & METHODS
1511. Pipe & Pipefittings

1512, Valves

1513. Piping Specialties

1514. Mechanical Supporting Devices
1515. Vibration Isolation

1516. Mechanical Systems Insulation
1517.-1519. unassigned

1520, WATER SUPPLY SYSTEM

1521. Vater Supply Piping

1522. Domestic Hot Water System
1523, Domestic Ices Water System
1524. Water Well & Wellpump

1525, SOIL & WASTE SYSTEM

1526, Soil & Waste Piping

1527. Waste Treatment Equipment
1528. Sanitary Sewers

1529. ROOF DRAINAGE SYSTEM

1530. PLUMBING FIXTURES & TRIM
15631,-1534. unassigned

1535. GAS PIPING SYSTEM
1536.-1539. unassigned

1540, SPECIAL PIPING SYSTEMS

1541. Compressed Air System

1542. Vacuum Piping System

1543. Oxygen Piping System

1544, Nitrous Oxide Piping System
1545, Process Piping System
1546,-1549., unassigned

1550, FIRE EXTINGUISHING SYSTEM
1551. Automatic Sprinkler System
1552. Carbon Dioxide System

1553, Elevated Water Reservoir
1554, Standpipe & Firehose Stations
1555. Underground Fire Lines

1556. unassigned

1557. FUEL HANDLING SYSTEM
1558.-1559. unassigned

1560, STEAM HEATING SYSTEM

1561. Steam Boiler & Equipment
1562. Steam Circulating System
1563, Steam Terminal Units

1564, unassigned

1565. HOT WATER HEATING SYSTEM
1566. Hot Water Boiler & Equipment
1567. Hot Water Circulating System
1568. Hot Water Terminal Units
1569. Hot Water Snow-Melting System

1570.-1574, unassigned
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1575. CHILLED WATER SYSTEM

1576. unassigned

1577, DUAL-TEMPERATURE SYSTEM
1578. HEAT PUMPS (see also 1684).
1579. Unassigned

1580. AIR-TEMPERING SYSTEM

1581. Warm Air Furnaces

1582, Air-Handling Equipment

1583. Air Filtration Equipment
1584, Humidity Control Equipment
1585, Packages Air-Tempering Units
1586. Air Distribution Duct System
1587. Tempered Air Terminal Units
1588. Air Curtain

1589, unassigned

1590. REFRIGERATION

1591. Water Chillers

1592. Commercial Pefrigeration Units
1593. Cooling Towers

1594. unassigned

1595, HVC CONTROLS & INSTRUMENTS
1596.-1599. unassigned

ELECTRICAL

1600. ALTERNATES
1601.-1609. unassigned

. 1610, BASIC MATERIALS & METHODS

1611. Raceways & Fittings

1612. Busways

1613. Conductors :
1614, Electrical Supporting Devices
1615.~1619. unassigned

1620, ELECTRICAL SERVICE SYSTEM
1621. Overhead Electrical Service
1622. Underground Electrical Service
1623. Electrical Substations

1624, Electrical Entrance Equipment
1625. Grounding System

1626, Standby Electrical System
1627.-1629. unassigned

11630, ELECTRICAL DISTRIBUTION SYSTEM

1631. Feeder Circuits

1632, Branch Circuits

1633. Panelboards

1634, Wiring Devices

1635. Underfloor Electrical System
1636.-1639., unassigned

1640, LIGHTING FIXTURES

1641. Indoor Lighting Fixtures
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1642. Outdoor Lighting Fixtures

1643.-1649. unassigned

1650. COMMUNICATION SYSTEM

165;. Telephone Equipment

1652. Intercommunication System

1653.. Public Address System

1654. Paging System

1655, Nurses'Call System

1656. Alarm & Detection System

1657. Clock & Program System

1658. Audio-Video Reproduces

1659, Closed-Circuit Television

1660. Radiotelephone System

1661. Commercial Projection System

1662.-1669. unassianed

1670. ELECTRICAL POWER EQUIPMENT

1671. Motors & Motor Controls

1672. Special Transformers

1673. Frequency Converters

1674. Rectifiers

1675.-1679. unassigned

1680, ELECTRICAL COMFORT SYSTEM'

1681, Electrical Heating System

1682. Packaged Air-Tempering Units

1683. Electrical Snow-Melting System

1684. Heat Pumps (see also 1578)

1685.-1689. unassigned

1690. ELECTRICAL SYSTEM CONTROLS &
INSTRUMENTS

1691.-1694. unassigned

1695, LIGHTNING PROTECTION SYSTEM

1696.-1699. unassigned
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APPENDIX NO. III

ECONOMIC ORDER SIZES FOR GENERAL STORES

In the event that a General Contractor maintains a General Stores
for the holding of some materials for use in anticipated work in the
future, some criteria must be used for determining the quéntities of
materials to order and the minimum quantity to hold in stores, etc.

In setting up and maintaining.a Geqeral Stores such questions
arise, as:

What is the size of the order?

How often should an order be placed?

Should there be a certain quantity of each material held in stores

at all times? (Safety Stock)

The determining of economic order quantities and inventory levels
is what is referred to as a minimum cost functional relationship pres
blem. It may be simp]e or complex depending on the procurement cir-
cumstances.and the use requirements.

The factors which determine the most economic size of orders are:
1.  The cost of placing and processing an order (C])

2, .The unit cost of holding inventory, i.e. interest, deterioration,
accounting, warehousing rental, etc. (Cz).

3. Unit purchase price (C3)

4, Yearly usage (U)

If Q = the quantity of each order qnd C; = the total annual cost of
ordering, holding and purchasing:
the annual cost per order of p]aciﬁg orders = C1(U/Q): the annual cost

of hd]ding the item in inventory = CZQ

2
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The total annual cost of ordering, holding and purchasing is:

(C = C]U + CZQ + C3U

Q 2

To calculate the minimum-cost order quantity, CT is differentiated

7)

with respect to Q and the derivative set equal to zero.

Therefdre, Q =/2 C]U = the minimum cost order quantity.
€2

- To avoid the necessity of computing separately economic Tot sizes

for a large number of items, tables are available which present the

economic order or lot sizes Tor various values of these factors.

One such table 3 rgproduced in Figure 23 on the following page is an
exampie. This cost is calculated with U - the annual forecasted

usage expressed in dollars; C] - the order cost expressed in dollar

per unit per year; and Q ~ the economic order amount expressed in dollars

and calculated by:

The table is used by calculating the ratio C]/Cziand entering the
column which has the value closest to the calculated value. In this
column, opposite the annual usage, will be found the economic order
quantity (Q) expresseéd in dollars. |

In many cases materials can be purchased at quantity discounts
or larger quantities may qualify for lower freight -rates which will
result in a lower unit delivered cost. This, of course, must be in-

vestigated when determining the sizes of orders.
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Annual Order amount in dollars (Q)
usage ' _
(u) C/Cy = 25 | €4/Cy =50 | Ci/C, =75] C4/C, =100 | Cy/C, = 150
§ 1,00 § 28| 5 36 | 5 387 § 447 § 548
1,500 274 387 474 548 671
2,000 316 447 548 632 775
3,000 387 548 671 775 949
4,000 447 632 775 894 1,095
5,000 500 707 866 1,000 1,225
7,500 612 866 1,067 1,225 1,500
10,000 707 1,000 1,225 1,414 1,732
20,000 1,000 1,414 | 1,732 2,000 2,449
30,000 1.225 1,732 2,121 2,449 '3,000
40,000 1,414 2,000 2,449 2,828 3,464
50,000 1,581 2,236 2,739 3,162 3,873
75,000 1,936 2,739 3,354 3,873 4,743
100,000 2,236 3,162 3,873 4,472 5,477
200,000 3,162 4,472 - 5,477 6,325 7,746
300,000 3,873 5,477 6,708 7,746 9,487
400,000 4,472 6,325 7,746 8,944 10,954
500,000 5,000 7,071 8,660 10,000 12,247
750,000 6,124 8,660 10,607 12,247 15,000
1,000,000 7,071 10,000 12,247 14,142 17,321

FIG. 23
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Taking this into consideration the most economic size of order

"will be arrived at by comparing the total annual cost C; for the quantity

(Q) calculated using the formula Q = 2C]U and for the quantity at which

C2
the price discount is obtﬁined or at which the delivered freight
applies.

The quantity which gives the Towest total annual cost (CT) will
be the order quantity. -

In the proper operation of a General-Stores, in?entories'can not
be allowed to reduce to zero before placing a re-stock order. Orders
must, therefore, be placed with sufficient lead time for it to arrive
before the stock is reduced to zero. If the rate of usage is accurately
known and is constant, the quantity could be allowed to reduce to Zero
with the re-order placed sufficiently in advance for it to arrive
before the store reached zero (lead time).

It is rarely the case, however, that rates of usage of materials
are constant or are perdictable with any degree of accuracy. bften only
- the yearly consumption can be predictable with any accuracy, from pre-
vious records. Because the rate of usage is not constant it is necessary
that a safety stock be maintained to provide for a higher than average
rate of usage during the time that the re-stock order is placed and it
arrives,

Fig. 24 graphically shows the variations in inventory levels
when a safety stock is dependent upon the amount of risk that is
willing to be taken of running out.of stock. The larger the safety

stock, the steeper will be the maximum usaqe rate covered by the safety
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stock and the smaller will be the risk of running out of stock.
An example of calculating the economic order size, etc., is as
follows:
Assume that a construction compan& has a maintenance contract
which includes replacing broken or burnt out 1ight bulbs.
From previous records, the total required per year is 5,000 (U).
The cost to place an order is $ 50.00 (C,) '
The unit cost per bulb is $ 1.00 (C3); and the unit for holding in
stock, etc., is 20% of unit cost, i.e. $ 0.20 - (C2)

From formula Q =’2C1U the minimum cost order quantity =
. . C

2

2 % 50 x 5,000 = 1,581 or 3 orders per year =
2 5,000 = 1,700 (approximately)
3 ‘

Total yearly cost CT

CU + €0 # CqU

Q 2

50 x 5,000
1,700 2

.2 x 1,700 + 1 x 500

147.00 + 170.00 + 5,000

TOTAL YEARLY COST = $ 5,317,00

Discounts -are available as follows for large quantity purchases:
‘For purchases of 2,000 - 2,999 bulbs - less 5% (i.e. C5 = $0.95)
For purchases of 3,000 - 4,999 bulbs - Tess 10% ({.e. C3 = $0.90)
Calculate new total yearly costs using dis;ount prices for

quantity of 2,000 @ $0.95
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€ = 50x5,000 . .2x 2,000
2,000 2

= 125.00 + 200.00 + 4,750.00

4 -95 x 5,000

Cr = §5,075.00
For quantity of 3,000 @ $0.90

.2 X 3,000 .9 x 5,000

C _
T = 50 x 5,000 , .

3,000 2

= 83,30 + 300.00 + 4,500.00

Cr = §4,883.30

' Therefore, the minimum cost order quantity = 3,000

From previous records, the following week]j usages are known:

Number of Bulbs per Number of
Week Replaced Weeks

(N) _w N x W
30 ] 30
50 2 100
60 5 300
75 6 450
90 8 720
100 9 800
110 10 1100
120 6 © 720
130" 3 390
140 2 280

o S 5000

Average number of bulbs per week, replaced = 96.

If the lead time required for ordering and delivery is one week,
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the minimum re-order level would be when the stock was at 30 bulbs and
the maximum would be 140. The percentage of times that the stock would
be reduced to zero as a result of orders placed at the various levels of

remaining stock is as follows:

Percentage of time,
stock would run out

Number of bulbs Number of Relative if re-order placed at
- per week replaced week§ Frequency this remaining stock pt

30 1 .02 98

50 2 .04 94

60 5 107 84

75 6 N 73

90 8 .15 58

100 9 A7 4

110 10 .20 21

120 6 BN | 10

l130 3 .06 -4

140 2 .04 0

From this table it can'be seen that if the re-order is placed
when the stock is down to 30, 98% of the time the stock will be down
to zero before the order arrives. If the order is placed when the
stock is at 90, the percentage of time will be .58 and so on. With this
information in hand, and erending on the seriousness of running out of

stock, management can arbitrarily decide the amount of the safety stock.
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APPENDIX NO. IV

A COMPUTER APPLICATION OF THE MATERIAL EXPEDITING SYSTEM

GENERAL

~ The Material Expediting System has been designed to be used with
‘the aid of a computer. In order to demostrate the feasibjlity of such
an approach a humber of -computer programs have been written and tested
using sample test data. These programs follow closely the concepts
presented in the main body of this report and output the information
required to fulfill the needs of the Material Expediting System user;
Collectively these brograms constitute a computer system which could

be implemented with a minimum of reprogramming.

MACHINE REQUIREMENTS

Each program has been written in PL/I(F) programming language for
the IBM 370 computer system. The minimum requirements are:

(1) 200K bytes of memory

(2) 1 tape drive

(3) 1 card reader

(4) 1 printer

(5) 1 disk drive

For more sophisfécated sygtems pre-fermated cards and printed forms
coﬁ1d be used and, without going into the cost of such a venture, a
terminal Tink with a large commercial computer installation would be

advantageous.
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A small set of test data has been compiled and operated on by
the Material Expediting Computer System. This input data and the
subsequent output results are discussed further under the section

"System Overview" and "Sample Problem".

SYSTEM OVERVIEW

The Material Expediting Computer System is a set 6f inter-related
programs or modules. These modules can be executed together or
separately depending on the particular neeqs of the user. Continuity
is maintained by the creation and subsequent updating of a permanent
"General Stores Matgrials-Fi]e” on magnetic tape which contains pert-
inent information on all the materials which may be required by the
user.

Each of the programs which is available to the Material Expediting

_Computér System user is discussed below. - Note that the actual pro-

gram 1istings and input formats are not included. This information

could be separately prepared in a "Users. Manual",

3.1 NEWTAPE - This program creates the "General Stores Materials File"
on ‘tape. Input consists of two types of cards containing data taken
directly from the "General Stores Materials List" and the "Materials

Information Sheet" respectively. It then prints out this information

for checking purposes.
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3.2 SUPDATE - This program updates fhe General Stores Materials File
tape. Records may be added, deleted, or changed. SUPDATE s partic-
ularly useful in that it enables the user to revise "quantity in stock"
and "quantity on order" at the General Stores. This should be done

periodically to make sure that the Stores File is up to date.

3.3 MATLIST - This is a relatively small program which scans the
General Stores Material File and outputs a "General Stores Material
List". It is useful in that it enables the user to see what information

he has stored on the file.

3.4 MATINFO - This program scans the General Stores Materials File

and prints out a "Materials Information Sheet".

3.5 REP=GEN - This program reads two card files containing the "Work
Breakdown Structure" and the "Bi11 of Materials" for a particular
project (see examp]e). It then calculates and prints out the "Material
Status Sheet for the project, the "Material Status Sheet for stores,

and all pertinent Requisitions.

3.6 FFTLIST - Since al] input to the Material Expediting Computer
System is to be on cards another small program has been added to -the
system. This procedure (FPTLIST) reads and Tists card file and puts
the card image records on a temporary disk file. Thus the user can get
a complete list of his input data for checking purposes; It is aiso
possible to use this disk file as input to ﬁhe rest of the system,

thereby eliminating the additional machine time and cost of re-submitting
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the card deck.

SAMPLE PROBLEM

In order to test the programs a small set of test data was taken
from the CPM diagram for a small building (see page 68).
The first step was the creation of a General Stores Materials
File on tape. The program NEWTAPE was executed using data taken from
the Materials Information Sheet (Fig. 25) and the General Stores Materials
List (Fig. 26 (a & b). Next the program REP-GEN was used to generate the
pertinent reports and requisitions for the'project REP-GEN required, aé
1nput the Work Breakdown Structure for the project (Fig. 27) and the
Bill of Materials (F1g 28).
The output results are shown in Fig. 29 (a & b). They are: -
(i) Requisition (supplier).- Fig. 29 (2) to Fig. 29 (f)
(i) Requisition (stores) - Fig. 29 (g) to Fig. 29 (k)
(iii) Requisition {supplier - stores) - Fig. 29 (1) tb Fig. 29 (m)
(iv) Material Status Sheet for Project - Fig. 29 (n)
(v) Material Status Shéet for Stores - Fig. 29 (o)



" . MATERIALS INFORMATION SHEET

, FoRY 2
3 Ty 5] - 7 B 9 ; N 12
1 UNIT OF ~|ARE SHOP TIHE FOR ~ |TiME FOR TIMZ FOR | TIME FGR TIME FOR TIKE FOR SKIRPING )
MATERIAL CODE MATERIAL MEASURE . |[DRAWINGS PREPARAT 1ON |REVIEW ARCHITECT'S| RESUAMISSION FABRICATION - LEAD
: AND/OR OF SHOP - REVIEW AND FpeM STORES [ECH SUPPLIE TIME
SAMPLES REQ'D | DRAWINGCS ETC ’ IPPROVAL ' —
YES/1Q 1 T2 T3 ™ 75 , "6 T
N Concrete Formwork PCcS NO - - - - 3 3 3 3
3
320 Concrete Reinforcement LBS YES 10 5 5 10 10 3 3 3
410 Portar C.Y. NO - - - - 1 1 1 z
£2) Brick Masonry EA. o - . - - - 5 5 10 . 10
611 Framing & Sheathing FBM NO R _ - - 1 2 2 5
720 Insulation S.F. YES 3 3 3 5 1 5 10 5
770 Flashings LF YES 3 3 3 5 1 5 10 5|
620 - Hood Doors EA. YES 10 5 5 10 15 5 15 3
1521 H.S. Pipe LF N0 . - - - 1 5 15 5
1526 S, & W Pipe LF NO - - ‘- - ] 5 15 5
o
{e)
I}
. ol
|-
N
FIGURE 25 A
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GENERAL STORES MATERIALS

LIST

FORY 3
. . CUMNTITY TN - MININUM MAKINUM “
: ’ UANTITY NTIT =3
MATERIAL CODE MATERIAL i MATERIAL DESCRIPTION STOCK m:n' o gs HELD 1;50 Sg*uﬂoyx? 8}:"3;&; 2
NO. : : } ~u | STOCK STOCK z
L b, L) T WM Tl
: o =9 S
: > o —_
! £2 e . 3
B ZEE a
m Concrete Formwork J 2 Ft. by 8 Ft. Plywood Panels PCS 400 1)
an Co;;crete Formwork + 2 Ft. by 10 Ft. Plywood Panels peS 350 "o _y—_ .-
i
3t | Concrete Formwork i 2 Ft. by 12 Ft. Plywood Panels PCS 200 HO _ L _
¥ . —
320 Concrete Reinforcement i No 3 by RL Rebar LBS 1000 YES 500 1500 _
320 Concrete Reinforcement _ Na. 5 hy AL Rebar LBS 1200 YES 500 __1500 N
320 Concrete Reinforcement No 7 by RL Rebar LBS 300 YES 500 1500 1200 81572
, -
.l " Fortar Masonry Cement c.Y. ' ves | . N R
| 410 €00 __|..100 1000 .. .. ST B
e Mortar Masonry Send c.y. 400 ves | 100 1000 o B
21 Brick Masonvy Modular Face Brick Buff EA. 5000 L) I N R
3k Framing & Sheathing 2 by 4 by 8 Ft. FBM 2600 YES 500 ._2000 e R
- : H
T 2 by 4 by 10 Ft, f . T
€1 Franiog & Sheathing 2 y 4 by BN 600 YES 500 2000 o
611 Franing & Sheathing i linch by 6 inch by RLT 4 G FBM 1200 YES 1000 3000 -
720 | tnsulation .1 {h, Purlboard Aluninum Foll 1 Side S-F. | 6000 ves | 2000, 10000 ol |
; - -
720 Insulation _ Vs in. Roofmate Insulation S.F. 8O
i . :
: ) = i
— ! — ] -l
[l |
. "' g
! - i i frem e o4 .i
L ; FIGRe 26 | |~ [ | . Lo !
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GEKERAL STORES MATERIALS 1IST

FORY 2
@
o CUALTITY 1IN a
MATZRIAL CODE . MATERIAL ’ MATERIAL DESCRIPTION STOCK o '
NO. 8] ]
. ] o
3 I
E S
770 Flashings 18 in, wide 2 0z, copper fibreen LF o —_
820 Nood Doors 2 -8 x7x 1 3/4 Stab Mah. Doors EA 6 . YES 4 10
820 Wood Doors 3 x 7 x 2 Plank Dak Doors £EA 10 YES 4 10 I W
220- Wood Doors 2 - 4 x 7 x1 3/4 S1ab Mah. Doors EA ) e
1£21 N.S. Plpe 2 in. copper pipe : LF 200 Yes 100 10C9 e o
1626 5 &5 W Pipe 4 in. cast fron tyton joint pipe LF Ho

pLL abed
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WORK BREAKDOWN STRUCTURE

FORM 1

WORK PACKAGE

WORK
PACKAGE NO.

SITE WORK AND EXTERIOR SERVICES

CONCRETE FOUNDATION, CONCRETE FLOOR

AND UNDERSLAB PIPE 2
STRUCTURAL STEEL "3 ]
MASONRY AND EXTERIOR.WALL INSULATION 4..
BUILD UP ROOF, FLASHING AND ROOF INSULATION 5
ELECTRICAL WORK 6"
MECHANICAL WORK 7
8

CARPENTRY, WINDOWS AND ALL FINISHES

FIGURE 27
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BILL OF MATERIALS

- -
FORM 4
} 2 * | sterT DATE F  ©
WORK PACKAGE NO. MATERIAL CODE . QUANTLTY UNIT OF FIRST ACTIVITY
NO. MATERTAL DESCRIPTION NEASURE REQUIRING THIS
WATERIAL
4 0720 1 inch purlboard, aluminum foil 1 side 3000 S.F. 53
s 2421 modular face brick buff 20000 A 53
4 0770 18" ‘wide 2 o0z. copper fibreen 11 LF 53
q oMo masonry cement 200 C.Y. 53
s 0410 - masonry sand 50 c.Y. 53
5 0720 s fnch roofmate insulation 5000 S.F. 66 _
! 1526 4 inch cast iron tyton Joint pipe 200 L.F. 10
1 1521 2 inch copper pipe 200 L.F. 10
2 1526 . 4 inch cast iron tyton joint pipe 70 L.F. 35
2 1521 . 2 1inch copper pipe 70 L.F. 35
8 0820 2' - 8" x 7' x 1 3/4" s1ab mah, doors 15 £A 109 ]
8 0820 2' - 4" x 7' x 1 3/4" slab mah, doors 1 EA 109 i
8 0820 3' x 7' x 2" plank oak doors H EA 109

FIGURE 28
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KEQUISITION

PROJECT: SHALL HUILLING ‘ ORNER DATE
29

MATERIAL Cudt nb, 121 MATERIAL: BRICA “AASQHxY

SOURCE UF SUFPLYS | s aaaaaa SHERLIER s ea ta i s s taa st smsaa s s b sa

GHGPR DPRANTNGS 2TLL

SHOP [iRa=INGS
UE RE furitpDd BY? N/ A

MEQUIEL BY:s  M/A

NELTVERY SCitt DLLL
UNTT OF RE QU IRED
PATEKLAL OESCRIPTIUL 'JUANTITY MEASIDIRE SKRIPRTG eV IVERY
: BAlf DATH

5D T i o e g e D o D e e P A ey T O B B TP B MDD D s R AN U R g O S0 oG S D S VR WD g e G o g TP SN TR MR S vm v D 00 g e Y AL TR T T A W g Y AD MR e Y R ML IR T g R GR 4R Y D g P e

MUDULAR FaCh BRILK BUFE 15269 LA, 511 iy

A e D 0 > T v o o T S D A ST W e O G D G D M e D O o gm T D o e 0 D D g o e A P D B e W S T e D T P e T N 0% S D e e g e e W A O B0 Y O e e e O S G

US LT OF
FATERTAL DESCRLIPTIUN QUANTITY  ®EASUKE VTl PRLCE To7AL
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FIGURE 29 (a)
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PROJECT: SMALL BUILDING : ‘ MRDER DATE
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MATERIAL CLhr w0, /2w ‘ WATERIALS INSULATION

SUURCE OF SUPPLYS
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Srup LRAWNGS ' SHOP DRAATNGS wTLL
KeEvUIKED Y 38 ne REJliks b Ry 0

DELIVERY SCHELuLE

bell oF RELUTRED
SATLRIAL DESCKRIPTIUN QUANTLITY  wb aSukk SHIPPLNG nELTVEIRY
. NATE nalf

S T e e P e O T D D e e 5 D e M S e O P U D O D S A ED U O guy G S P G WP B Gt G O D T Y D S T s u e A e e e

b 172 IN, KUGFSATE TWSULATLON . 5300 SLF 5 52

ML T 0F
maleE R AL DESCRIPTION .l'}UANT,[TY HEoalsoRE el T PRAICE TirTaL
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FIGURE 29 (b)
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KEQULISITTUN

PRUJLCTz SHAlL BUulLDING ' . ORHER PATE
. : . 29
MATERIAL Cub 0, 770 MATERIALS FLAGHLMNGS

SJURCE NF SUPpPLY: . A LL-&L-L;’:L!REL.ILBLA.LL.L LR N S Y V55 T ST I Y W S TV TSN IR IR ' W S SN U T R % R N
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Kt wylickp wys 42 N RETURNED RY S Y
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TR T A SR e o O o S D P WD M gy W TP D Sy PR R S T e S R A D e S P U D AP T S G P e 5 o P SR e SR Y v P P NS ) T A R G G P gy ) SR o ST IR W R Y e S T g W A TR @ R Y SR
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FIGURE 29 (c)
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REQUISITION

PROJECTE SHALL SUILDING . . fixkNER DATE
. 5%
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RENUITSITION

PROJLCT: SpALL BUTLDING - ] ORNEE DATE
. -1y
MATLIKEAL vk 6. 1526 "HATERIALS S X w PIPE

SuuRLE OF SuPPLYS.

RIS .
F N O N WY N -L-l.-l-.tl‘.&l:‘ R!ll’i.B—-L-‘--‘ AdAdLAi bt g LAl LAl AL AL LA a2l L L

SHhP URANIEGS - SHOP DRAWINGS W TEL
RE QU e 3y N/ A RE RE TUMED HY s N/ A

DELIVERY SCHEODULL

bl T o0k RELGILHED
BATFRIAL PDESCRIPTION QUANTITY b ASUIRE SHipPLLG BELTVYERY
: - BATE DATE

o PSP ES B M e S e e o e D W o o T o v T o @D B o g D N G D D D N P s D D e v S D e S e R DO VE W g e SR e W S G W SR g D Ga A MU D D D SN am W G S YO qp e B Ae WP Gm am R W

4 1w, CAST Iwxbi TYTGN JUINT PLIPE 2un LF -0 é

4 Ir, CABT IR0 IYTON JOINT PIPE C7a Lk 36 3y

: [EEY O T .
FATERIAL PESCKIPTION WUANTITY T ASURE YT PRICE TOreL

D 0y T e D D e 5 S ey T g S Sy G n T am T G S e e D G EE G G O o e Iy My P S G vy P S G e e ay 0 TPy S P D M PR sy S e e e T e W B0 PV o W S Ay DY g e S G S W e
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FIGURE 29 (f)
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MATERTALL STATUS SHEEY
FOR PROJECT

PROJECTS SMALL HUILDING . COPEL 4619-1=5

MATERIAL UNIT | 7OTAL  GQUANTITY  LQUANILIY REZ.YORB.LRILKAGEL ORDER RECEIVF SUBMIT  RECEIVE | SHIPPING DATE | DELIVERY
cant OF 1FOR FROM FROM | PACKAGE FROM FROM lEXPFOITE SHOP FOR pROM I OFROA FROM L
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