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PREFACE

Field Manual (FM) 5-412 is intended for use
as a training guide and reference text for en-
gineer personnel responsible for planning,
scheduling, and controlling construction pro-
jects in the theater of operations (TO). It
provides planning and management tech-
niques to be applied when planning and
scheduling a construction project. This
manual also provides techniques and proce-
dures for estimating material, equipment,
personnel, and time requirements for project
completion.

The proponent of this publication is the
United States Army Engineer School
(USAES). Send comments and recommenda-
tions on Department of the Army (DA) Form
2028 (Recommended Changes to Publica-
tions and Blank Forms) directly to Comman-
dant, US Army Engineer School, ATTN:
ATSE-T-PD-P, Fort Leonard Wood, MO
65473-6650.

Unless this publication states otherwise,
masculine nouns and pronouns do not refer
exclusively to men.



PROJECT MANAGEMENT

FM 5-412

MISSION OF ARMY ENGINEER
PROJECT MANAGEMENT

CHAPTER 1

MANAGEMENT THEORY

Management definitions are as varied as the
authors who write books about the subject.
A good definition states that management is
“the process of getting things done through
People.” Project management may be de-
ined more specifically as “the process of co-
ordinating the skill and labor of personnel
using machines and materials to form the
materials into a desired structure. "Project
construction operations include planning,
designing facilities, procuring materials and
equipment, and supervising construction.
An important Army management principle
states that "continual improvement in sys-
tems, methods, and use of resources is re-
quired for continuous effectiveness in opera-
tions." In most large nontactical Army or-
ganizations, management engineering staffs
help commanders and line operators design
new ways to work faster, cheaper, and bet-
ter.

PRINCIPLES DERIVED FROM
EXPERIENCE

Management principles have been developed
from experience and serve as a basis for
managing human and material resources.
They do not furnish definite formulas or so-
lutions to all management problems, nor
are they infallible laws; they are only guide-
lines for action. Effective management
should encompass--

- Clearly defined policies understood by
those who are to carry them out.

- Subdivision of work, systematically
planned and programmed.

Mission of Army Engineer Project Management

+ Specific assignment of tasks and an as-
surance that subordinates clearly under -
stand the tasks.

- Adequate allocation of resources.

Delegation of authority equal to the
level of responsibility.

« Clear authority relationships.

«Unity of command and purpose through-
out an organization.

« Effective and qualified leadership at
each echelon.

« Continuous accountability for use of re-
sources and production results.

« Effective coordination of all individual
and group efforts.

DIFFERENCES FROM CIVILIAN
PRACTICES

In a TO, construction, repair, rehabilitation,
and maintenance of facilities differ consider-
ably from civilian practices. Although the
engineering principles involved are un-
changed, in combat area operations the fac-
tors of time, personnel, materials, and en-
emy action impose a great range of prob-
lems. This requires modification of con-
struction methods and concentration of ef-
fort. Engineers in a TO nor really do not
build permanent facilities.

The variety of construction in the military,

often done on an expedited or "crash" basis,
creates challenging management problems.

1-1
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In fact, each project is unique in its loca-
tion, weather conditions, climate, soil, and
possible enemy action. Standard designs
are used, but they must be adapted to each
particular site. Construction materials are
often less uniform than those used in the
manufacturing industries. Management un-
ijer these conditions involves unusual prob-
ems.

THE DECISION-MAKING PROCESS IN
PROJECT MANAGEMENT

Make assumptions based on facts.
Weather predictions are based on past
weather data. Policies for observing na-
tional holidays are expected to continue.
These are basic facts and forecast data that
may affect the future.

The effect of climate on construction opera-
tions is so great that the evaluation of this
item alone can be as important as all other
factors combined. If the planner fails to
consider weather, more time may be lost be-
cause of bad weather than would be needed
to finish all the work in favorable weather.
The planner must evaluate each type of
work to be done in relation to the weather
conditions expected during construction.
For example, for road and airfield work, it
may be better to do all the clearing and
stripping before starting subgrade and sub-
base operations. This may be done only if
it is certain that there will be little or no
rain during clearing and stripping, before
adequate drainage can be provided. Evalu-
ating weather lets the planner determine
how much time to allow for weather delays.

Find and examine alternative courses of
action. Construction in a TO requires
speed, economy, and flexibility.

Speed. Speed is fundamental to all activi-
ties in a TO and is especially important to
the engineer. Recognizing the importance
of speed, the Corps of Engineers has devel-
oped and adopted certain policies and prac-
tices to help expedite project construction.

1-2
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- Standardization. For hospitals, depots,
and shelters, standard designs are used
in active TOs to save time in design and
construction. Standard designs present
the simplest method of using standard
materials to build acceptable installa-
tions. In building, they permit produc-
tion-line methods in the prefabrication
of construction members. They are de-
signed to reduce the variety of materials
reguwed, ensure uniformity and stand-
ards, simplify procedures, and minimize
costs. Standard designs increase the ef-
ficiency of working parties that can re-
peat erection procedures until they be-
come almost mechanical. Stand-
ardization of construction is especially
important in time of war.

« Simplicity. Construction must be sim-
ple during war because of personnel,
material, and time shortages. The avail-
able labor uses the simplest methods
and materials to complete installations
in the shortest time.

« Necessities and life expectancy. Mili-
tary engineering in the TO is concerned
with only the bare necessities and tem-
porary facilities. Adequate provisions
are made for safety, but they are not as
elaborate as in civilian practice. For ex-
ample, local green timbers are often
used to construct wharves or pile-bent
bridges, even though marine borers will
rapi I%/ destroy the timbers. By the
time that happens, the focus of military
effort may have changed. Sanitary facili-
ties may consist of nothing more than
pit latrines. Using valuable time for
anything more permanent is not justi-
fied. In short, quality is sacrificed for
speed and economy.

Construction and repairs in a TO con-
tribute to the sustainment and effi-
ciency of field armies. In an active
theater, only essential construction
work and development of installations
and facilities are performed. The qual-
ity of construction does not exceed
standards established by the theater
commander. Modified emergency con-
struction and the use of permanent

Mission of Army Engineer Project Management
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materials (tile, stucco, concrete, and
steel) are authorized only in the follow-
ing situations:

- Such work is required by an agree-
ment with the government of the
country in which the facilities are
to be located. Prior approval of
Headquarters, DA is also required.

- Materials nor really used in emer-
gency construction are not avail-
able or cannot be made available
In time to meet schedules. How-
ever, permanent construction mate-
rials are available or can be made
available in time to meet sched-
ules, at no increase in total cost.
When permanent materials are
used, the interior and exterior fin-
ishes of structures must be in
keeping with emergency construc-
tion standards. The permanency
of any structure should be consis-
tent with miliary needs at the time.

« Phase construction. Construction in
various phases provides for the rapid
completion and use of parts of buildings
or installations before the entire project
Is completed. Specialized crews or work-
ing parties, such as fabricating, founda-
tion, plumbing, and roofing crews, may
be organized. Each crew performs a
specific task and moves on to the next
site. Large building projects, such as
hospitals, depots, and permanent can-
tonment areas, are suitable for this type
of construction.

Another system of phase construction
involves the refinement and evolution
of an installation. Construction of a
depot will serve as an illustration. In-
itially, storage is provided in struc-
tural frame buildings with footings
and roof cladding, but without wall
cladding. Later, concrete floors and
sidings may be provided, and develop-
ment may progress in phases until the
facilities are adequate.

Both systems are used and have the
same objective: to have the using serv-

Mission of Army Engineer Project Management
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ice occupy the first building while the
second building is being constructed.
Phase construction is usually less effi-
cient, but this is offset by the maxi-
mum use of facilities at the earliest
possible time.

Existing facilities. The use of exist-
ing facilities contributes greatly to the
essential element of speed. The advan-
tages often influence the point of attack
in military operations.

Economy. Equipment, personnel, and mate-
rials must be used effectively and effi-
ciently, since these resources are limited.

Flexibility. A military construction program
must be flexible. The ever-changing situ-
ation in military construction requires that
construction in all stages be adaptable to
new conditions. To meet this requirement,
standard plans are a part of the Army Fa-
cilities Components System (AFCSR and are
found in the four technical manuals (TM) de-
scribed on the following page. The AFCS
provides logistical and engineering data
which is organized, coded, and published to
assist in planning and executing TO con-
struction. The system determines person-
nel and material requirements as well as
the cost, weight, and volume of materials
needed for construction.

The AFCS provides construction planning
data for --

- Contingency, base development, con-
struction, and logistical planners by pre-
senting a flexible planning tool for TO
construction and construction support
missions.

« Construction units for various utilities,
structures, facilities, installations, and
construction tasks required by the
Army and Air Force in support of mili-
tary missionsina TO.

» Logistical commands and supply agen-
cies in requisitioning, identifying items,
costing, and other related supply func-
tions.
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The AFCS consists of a series of four DA
TMs. They are—

» TM5-301, Army Facilities Components
System--Planning. This manual, which
is generally used by military planners,
contains installation, facility, and pre-
packaged expendable contingency sup-
ply (PECS) summaries. The TM 5-301
series is published in four volumes,
each addressing a separate climatic
zone. The summaries appearing in the
four volumes include cost, shipping
weight, volume, and man-hours re-
quired for construction.

- TM 5-301-1 (Temperate) covers geo-
graphical areas where mean an-
nual temperatures are between
+30° and +70° Fahrenheit (F).

— TM 5-301-2 (Tropical) covers geo-
graphical areas where the mean an-
nual temperatures are higher than
+70° F.

— TM 5-301-3 (Frigid) covers geo-
graphical areas where the mean an-
nual temperatures are lower than
+30° F.

— TM 5-301-4 (Desert) covers geo-
gr_aﬁhlcal areas which are arid and
without vegetation.

« TM 5-302, Army Facilities Components
System: Design. This five-volume man-
ual contains site and utility plans for
the installation, construction drawings,
and construction detail drawings for the
facilities. New designs are added and
obsolete designs are revised as required
to meet the construction needs of the
Army. Drawings stamped “Under Revi-
sion, Do Not Use” should not be used
for construction or planning purposes.
However, drawings stamped “Under Re-
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vision" may be used for planning pur-
pOSes.

« TM 5-303, Army Facilities Components
System--Logistic Data and Bills of Materi-
als. This manual is generally used by
planners, builders, and suppliers in
Identifying items contained in the bills
of materials.

« TM 5-304, Army Facilities Components
System User Guide. This manual ex-
plains how to use the system.

Evaluate the alternatives. Various

courses of action are compared in terms of
personnel, material, equipment, and time.
This is often difficult because the typical
planning problem is filled with uncertainties
and intangible factors.

Select the course of action. Planning is
not yet complete just by accomplishing the
above steps. Derivative plans must be de-
veloped to support the basic plan. This
plan should include all aspects of the pro-
'Lle_ct involving administration and logistics.
hese include, but are not limited to, the

following:
« Moving onto the jobsite.
« Bringing in supplies and equipment.

» Locating supply, assembly, work, din-
ing, living, and administrative areas.

+ Obtaining and using natural resources.
« Performing daily routine chores.

« Providing area security in a tactical envi-
ronment.

« Planning for inclement weather.

« Providing for adequate construction site
drainage.

Mission of Army Engineer Project Management
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MILITARY CONSTRUCTION MANAGEMENT

The functions of the military construction
manager are universal, although they may
differ in details from one activity to an-
other. These functions should not be con-
fused with operating tasks such as account-
ing, engineering, or procurement. The
managerial functions are planning, organiz-
ing, staffing, directing, and controlling.

Each of these is aimed toward accomplish-
ing the objective of the unit. To implement
these functions, the manager must under-
stand the objectives, plans, and policies of
superiors.

THE PLANNING FUNCTION

Planning means laying out something in ad-
vance. Planning creates an orderly se-
guence of events, defines the principles to
be followed in carrying them out, and de-
scribes the ultimate disposition of the re-
sults. It serves the manager by pointing
out the things to be done, their sequence,
how long each task should take, and who is
responsible for what.

Goal. The goal of planning is to minimize
resource expenses for a given task. Plan-
ning aims at producing an even flow of
equipment, materials, and labor and ensur-
ing coordinated effort. Effective planning re-

uires continually checking on events so
that the manager can make forecasts and
revise plans to maintain the proper course
toward the objective.

Much of the manager’s job will be charac-
terized by his plans. If the plans are de-
tailed and workable, and if the manager
has the authority to undertake them and
understands what is expected, he will re-
quire little of his superior’s time.

In military construction, the planning phase
should be divided into two stages: prelimi-

nary planning and detailed planning. These
are dgcussed more fully in|Chapter 3

Preliminary planning gives the engineer unit
commander a quick overview of the assigned

Mission of Army Engineer Project Management

task and the capacity of the constructing
unit to accomplish the tasks. It serves as a
(r:;uide to the detailed planning which fol-
ows. preliminary planning includes a pre-
liminary estimate and procurement of criti-
cal items.

Detailed planning provides a schedule for
the entire construction project and develops
an accurate estimate of the materials, labor,
and equipment to do each of the subtasks
or activities. It includes detailed estimat-
ing, scheduling, procurement, and construc-
tion plant layout, as well as a review of
drawings and specifications.

Steps. Planning involves selecting objec-
tives, policies, procedures, and programs.
The core of the manager’s job in planning is
making quality decisions based on investtljg -
tion and analysis rather than on snap judg-
ment.

Establish the objective. The objective pro-
vides the key for what to do, where to place
emphasis, and how to accomplish the objec-
tive.

Engineer construction functions in the TO
are the design, construction, repair, rehabili-
tation, and maintenance of structures.
These include roads, bridges, inland water-
ways, ports, industrial facilities, logistic sup-
port facilities, storage and maintenance ar-
eas, protective emplacements, hospitals,
camps, training areas, housing, administra-
tive space, and utilities. Other functions
are the design, construction, and rehabilita-
tion of railroads, airfields, and heliports.

The construction directive. The manage-
ment process starts with the receipt of a
directive which is an order to construct, re-
habilitate, or maintain a facility. The direc-
tive should include a description of the
project with plans and specifications. Re-
gardless of the form of the directive or the
amount of detail, the construction directive
(Figure 1-1, page 1-6) should discuss items
essential for the success of the project.

1-5
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HEADQUARTERS
10th ENGINEER BRIGADE
FORT LEONARD WOOD, MO 65473

ABCD-EF 1 May 1994

MEMORANDUM FOR Commander, 77th Engineer Battalion, 10th Engineer
Brigade

ruction Directive No. FWM 93002C-1ii

12}
cl
[+9]
<
<]
Q
]
Q)
O
o
w
cr

1. Mission: You will install two culverts per attached plans and speci-
fications.

2. Location: Intersection of Range and Lewis Roads, Fort Leonard Wood,
Missouri. See site plan.

3. Time: Construction will begin not later than 1 August 1994.

4. Additional personnel and equipment: An additional scoop loader is
available upon request.

5. Priority: A

Reports: Submit a complete activities list for the project. Pro-
Vi u tted in accordance with brigade SOP.

7. Materials: A two-hour notice is required for pick up of culverts.
8. Special Instructions: No changes are authorized except through bri-
gade S3. The contact officer for the using agency will be MAJ Power,

who can be contacted at building 247, telephone 8-7654.

FOR THE COMMANDER:

R. U. FORREST
CPT, EN
Adjutant

Figure 1-1. Sample Construction Directive

1-6 Mission of Army Engineer Project Management
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These items, along with comments for plan-
ning considerations, are as follows:

Mission. The mission will state the exact as-
signment with all necessary details and
may include an implied mission.

Typically, combat battalion (heavy) missions
include:

« Construction or rehabilitation of lines of
communication (LOC), bridges, forward
tactical and cargo airfields, and heli-
ports.

+ General construction of buildings, struc-
tures, and related facilities.

« Limited reconstruction of railroads, rail-
road bridges, and ports.

« Limited bituminous paving.
 Minor protective construction.

When supported by attachments of special-
ized personnel and equipment, engineer
combat battalion (heavy) missions include:

» Large-scale bituminous and portland ce-
ment paving operations.

* Large-scale quarrying and crushing op-
erations.

« Major railroad and railroad bridge recon-
struction.

« Major port rehabilitation.

« Major protective construction.

» Pipeline and storage-tank construction.
« Fixed and tactical bridges.

Corps combat engineer battalion missions
include:

« Construction, repair, and maintenance
of roads, fords, culverts, landing strips,
heliports, command posts, supply instal-
lations, buildings, structures, and re-
lated facilities.

 Preparation and removal of obstacles, to
include minefields.

+ Construction and placement of decep-
tive devices and technical assistance in
camouflage operations.

Mission of Army Engineer Project Management
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« Site preparation for air defense artillery
units.

« Construction of defensive installations.

» Engagement in river-crossing opera-
tions, to include assault crossing of
troops and construction of tactical rafts
and bridges.

Each engineer command, brigade, group,
and battalion is authorized a staff to assist
the commander. The composition of these
staffs and the duties of the staff members
vary with the type of organization, its mis-
sion, and its echelon of command. Gener-
ally, engineer staffs at group or higher eche-
lons perform as planners, designers, advi-
sors, supervisors, inspectors, and coordina-
tors. At battalion level, the staff members
are operators, Staff members supervise the
implementation of the plans of the higher
headquarters. For example, upon receipt of
a task directive from brigade, the group
staff designs the project, plans and assigns
the tasks, and directs the battalions (which
are the operating units) to perform the tasks.

For additional information on engineer unit
capabilities, see TM 5-304.

Location. This may be a definite location,
or the directive may require the manager to
select a site in a general area.

A site investigation should be made of the
selected site or general area. The manager
uses this information to determine how the
environment will affect the project. A site
investigation should provide answers to the
following questions:

« What are the terrain features of the pro-
posed site? Is it hilly, flat, wooded,
swampy, or desert? How will the ter-
rain features affect the project?

« What are the existing drainage charac-
teristics? Is the site well drained?
What effort will be needed to keep it
drained before, during, and after con-
struction?

« What problems will be involved in acces-
sibility? What effort will be required to
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permit travel to, from, and within the
site?

« What is the type of soil? What will the
unit need to do to prepare for vehicle
traffic and construction? How much ad-
ditional work will the unit have to do to
complete the project?

«  What are the existing facilities (build-
ings, roads, or utilities) that the unit
could use?

» What are the natural resources located
near the job site, such as timber, water,
aggregate, or borrow materials? How
far away are they? How many are there?

« What weather conditions are expected
for the project’s duration?

«  What is the enemy situation? What are
the good and bad points of defendln%
thedsne? What improvements must be
made?

Time. Time determines the start and finish
of the project. If the manager is responsible
for planning and estimating, he should be
the one to estimate project duration.

Extreme accuracy is not required, as pre-
cise calculations are delayed until the de-
tailed planning stage. Approximate rates of
production, based on the unit’s experience,
are usually accurate enough. Where this in-
formation is unavailable, published rates in
civilian or military texts, tempered by the
planner’s knowledge of existing conditions,
are good substitutes.

The quantity takeoff uses available equip-
ment and personnel to calculate the time re-
quired for each item. This time will be in-
creased if the soldiers are inexperienced
and require on-site training. The total time
for the project is the sum of the times of
the subtasks less the time when two or
more work items will be done concurrently.
See|Chapter 7 for detailed planning proce-
duresto more accurately predict the overall
project time.

Personnel. The manager should already
know what personnel are available. This

1-8

item of the construction directive tells what
additional personnel are available, if
needed.

Despite the mechanization of modern war-
fare, battles are still won and territory is
still occupied by soldiers. For this reason,
highest priorities on personnel go to units
in contact with the enemy. In a combat
support role, the engineers have the prob-
lem of accomplishing construction quickly
with limited personnel. Labor conservation
IS important. Ever¥ engineer must function
at peak efficiency for long hours. Assign-
ments must be carefully planned and coordi-
nated. Projects must be well organized and
supervised. Personnel must be well cared
for and carefully allocated.

A unit’s personnel must be considered only
in terms of “construction strength. ” The
project manager must use the number of
soldiers actually available to work on the
job for his calculations. In the current com-
bat heavy battalion table of organization
and equipment gTOE 5-115H), only about
50 percent of a full-strength unit Is produc-
tive in the construction effort. This figure
should be used for planning purposes only
when more exact data are not available.
The project manager must also consider if
the project requires large numbers of per-
sonnel with particular skills (for example,
plumbers or electricians).

The manager should consider the training
of the personnel available for the construc-
tion effort. A full-strength battalion with
many inadequately trained personnel will re-
sult In low construction output. The ability
and number of supervisors (not included as
productive personnel) affects the construc-
tion capability of a unit as well. A shortage
of competent supervisory personnel will re-
duce the construction efrectiveness of a
unit, even though the productive personnel
are adequate in number and ability. The
project manager may also want to consi
contract construction as an option (See|Fig-
lure 1-7 for issues concerning contract con-
struction.)

EcLuipmen_t. The manager needs to know
what equipment is on hand and what

Mission of Army Engineer Project Management
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The primary alternative to troop constructlon is the use o
ot 1oti th

nel, While nonmilitary constru
nel. wnhe nonmuitary consty

construction.

Advantages of Troop Construction. First, troop construction is economical, since it eliminates the
cost of labor and the contractor’s profit. Second, tactical considerations frequently create a situation
where contractors or host-nation support personnel are unwiliing or unabie to undertake a project.
Third, troop construction is more flexible since there are no contracts to renegotiate for changes in

p!an& Specmcatlcns, or raqmrnd a\lmlnhmty date, C|nallu pnacet.mn prn]lnr‘fe serve as nvnn“nnf

training for soldiers.

Advantages of Contract Construction. A contractor may vary the number and skill level of labor-
ers and the amount and type of equipment as a proiect progresses. Such flexibility is limited when
using troop resources. On the basis of unit integrity, the optimum unit and the optimum amount of
construction equipment for the project are selected. This method is more desirable than the task-
force organization (where labor and equipment are selected to fit the job) because it supports the
principles of management. In addition, troop construction equipment is not as specialized as com-
mercial equipment because it must be rugged and flexible enough to meet a variety of combat con-
struction tasks.

Coordination of Contract Construction. When a particular TO requires extensive construction, it

may demand the controlled and coordinated use of contractors, as well as the military engineer ele-
ments of the Army, Navy, Marine Corps, and Air Force. In some cases, another US military service
may control the project being built by contract construction or even by the Army.

The manager must be aware that there are limitations on the use of military labor for peacetime
projects. Regulations specify severe penalties for violations of these limitations. Therefore, it is the
manager’s responsibility to question a construction directive if it appears to violate any of the follow-
ing limitations:

* Purpose. Use of military personnel for the maintenance, repair, alteration, and new construction
of real property is limited to projects that will attain and maintain technical unit proficiency or to

nrainnte ractrintad huy cariirihgy
Pl U]UUID 1ColIIvicu Uy 20w uUlIL y

+ Policy. DA policy prohibits the use of soldiers in competition with civilian labor when it can be
avoided. Unless otherwise permitted, lack of funds is not a valid basis for using military person-
nel on a project.

» Costs. Military labor costs are not included when determining the level to which a project must
be submitted for appraval. However, travel and per diem for troop labor, plus costs of mainte-

nance and operatlon of government- owned equ:pment, will be mcluded. The cost of unfunded
military labor and equipment depreciation must be compiled and recorded as part of the total pro-

ject cost.
¢ Additions. No new work can be perfor*ned in a new facility within one year of its completion un-
less approved by DA. An example would be adding partitions in an rderly room.

Flgure 1-2. Choice of troop or contract construction

Mission of Army Engineer Project Management 1-9
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additional equipment is available, if needed,
to accomplish the mission. He also must
determine if the available resources will al-
low the constructing unit to do the job.

Due to the destructiveness of opposing
forces, normal peacetime construction equip-
ment cannot handle the requirements of
wartime operations, regardless of the loca-
tion. The economical use of equipment re-
sources is essential.

The status of a unit’s construction equip-
ment, particularly heavy equipment, is an
important factor in determining the ability
to do a job. The planner must consider the
average deadline rates for items of equip-
ment and then judge whether the rates will
be maintained, improved, or worsened dur-
ing a particular job.

Critical Equipment. Depending on the type
of job, certain items of equipment will be
critical because they will govern the overall
progress. For example, earth-moving equip-
ment is critical for road and airfield work.
Woodworking sets are essential for wood
frame structures.

Distribution. The planner should tenta-
tively assign the critical equipment to the
various construction operations. Assign-
ment will depend on the amount of equip-
ment on hand, deadline rates, and quantity
and type of work to be done. For example,
in assigning dozers and scrapers to cut and
fill operations, the quantities of earthwork
and the haul distances will determine how
many of the available dozers will be as-
signed to the scrapers and how many will
be used for dozing.

Priority. This gives a single priority for the
entire project or separate priorities for differ-
ent stages of a project.

Prioritizing helps to determine how much
engineer effort will be devoted to a single
task. While detailed priority systems are
normally the concern of lower-echelon com-
mands, all levels of command, beginning
with the theater commander, will frequently

1-10
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issue directives to serve as guidelines. Pri-
ority ratings are usually listed for items as
first, second, third, fourth, and so on. If a
priority rating contains several items that
might be worked on concurrentI?/, these
items are numbered consecutively to show
their relative standing. For example, a thea-
ter Army commander might list the follow-
ing priorities:

« First priority: Initial beach landing and
docking facilities

+ Second priority: Hospital facilities
« Third priority: Wharves and docks

NOTE: Details, such as which of the hospi-
tal facilities shall be constructed first, are
left to the discretion of the local command-
ers. This conforms to the principle of de-
centralization, which permits maximum op-
erational freedom to subordinates. The dis-
persion of forces in a TO requires that engi-
neer authority be decentralized. The engi-
neer in charge of operations at a particular
locality must have authority equal to his re-
sponsibilities.

Reports. Required reportséfor control pur-
poses) should be listed and included in the
unit standing operating procedure (SOP).

NOTE: For more information on reporting,
see the[CONTROLLING FUNCTION]section
described later in this chapter.

Materials. The construction directive is the
authority for requisitioning materials. This
item addresses the lead time necessary for
procurement, location, and delivery.

During the preliminary planning stage, the
planner should keep notes on items that
may be critical to the job. These critical
items may be readily identified when usjng
the network analysis system (see .
Critical items may be materials, equip-
ment, or soldiers with particular skills.
Their availability may be important because

they are needed immediately for the job, be-
cause they are not available locally, or

~—"
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because a long-lead item for procurement
may be required. The manager should
study the entire job and the notes and then
identify such critical items. The manager
can then take action to ensure that the
items will be on hand when required.

If necessary, the responsible leadership
must organize an overseas wartime construc-
tion program to execute the required work
in the time allotted and with a minimum of
shipped-in tonnage. Local resources must
be used, but these are often limited. Engi-
neer battalions normally have no authority
for direct, local procurement, so senior engi-
neer headquarters or other military or gov-
ernment organizations must provide materi-
als. This imposes upon the Army the prob-
lems of coordination, purchase, and deliv-
ery. These materials are normally procured
in the United States and may require long-
lead times.

Special Instructions. This item gives any ad-
ditional information concerning the project,
including instructions for coordinating with
the using agency.

THE ORGANIZING FUNCTION

The organizing function determines the ac-
tivities required to complete the project,
counts and groups these activities, assigns
the groups, and delegates authority to com-
plete them. Sometimes all this is called or-
ganization structure. The organization struc-
ture is a tool for accomplishing the project’s
objectives. It establishes authority relation-
ships and provides for structural coordina-
tion. Therefore, organizing is the estab-
lishment of the structural relationships by
which an enterprise is bound together and
the framework in which individual efforts
are coordinated.

The power of decision granted to or as-
sumed by the supervisor or manager is
authority. When the number of people in-
volved in a project exceeds the span that
one person can control, the manager must
delegate authority. The delegation of author-
ity is key to effective organization.

Mission of Army Engineer Project Management

An officer making decisions also assumes re-
sponsibility and must answer for the results
of his decisions. Wherever authority is cre-
ated, responsibility is created. Although
authority may be delegated and divided, re-
sponsibility cannot be delegated or divided.
No responsible officer can afford to delegate
authority without designing a sYstem of con-
trol to safeguard the responsibilities.

A manaﬂer may delegate the authority to ac-
complish a service, and a subordinate in
turn may delegate a portion of the authority
received, but these superiors do not delegate
any of their responsibility. No supervisor
loses responsibility by assigning a task to
another person.

THE STAFFING FUNCTION

Staffinghis finding the right person for the
job. Although the modern armed forces
place much emphasis on the effective use of
mechanized equipment, the military effort de-
pends on the training, assigning, and super-
vising of people who use this equipment.
Often the en?ineers have construction prob-
lems due to limited trained personnel. Solu-
tions to these problems require planning

and coordination of personnel assignments.

THE DIRECTING FUNCTION

The management function of directing in-
volves guiding and supervising subordinates
to improve work methods. Open LOC in or-

anizations are maintained in vertical and

orizontal directions. While assignments of
tasks make organization possible, directing
adds a personal relationship. Directing em-
braces the practical problems in getting
personnel to work as a team to accomplish
the unit objective. Basically, it concerns
managing human behavior and taking ac-
tion that will improve performance.

The commander must have a thorough
knowledge of the organization’s structure, the
interrelation of activities and personnel, and
the capabilities of the unit. In addition, the
military manager must be able to lead the
organization to accomplish its mission.
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The manager can create the best conditions
for superior effort by making certain subor-
dinates understand the unit mission and
their particular roles in it. People who
"know the reason why" are better motivated.
A good leader makes it a point to explain to
the troops the reasons for undertaking a
particular mission.

The terms manager and leader are not syn-
onymous. The manager coordinates activity
by executing managerial functions and ac-
complishes missions through people. (See
Figure 1-3.)

THE CONTROLLING FUNCTION

Control is a continuing process of adjusting
the operation to the situation in order to ac-
complish the desired objective. The manager
must measure and correct activities in or-
der to compel events to conform to plans.
For effective control, the manager must be
in constant touch with the operations to be
sure they are proceeding on course and on
schedule. Most of the construction control

PROJECT MANAGEMENT

problem involves processing large volumes
of technical information.

The manager must be sure that the plans
are clear, complete, and integrated. Then
the necessary authority must be given to
the person responsible for a task.

Because of the many changes and situ-
ations that may arise on different projects,
a control system must be broad enough to
cope with all possibilities. Regardless of
the circumstances, control depends upon
the communication of information, both for
gathering data and for implementing the de-
sired corrective action. To provide effective

Bontrol, communication of information must
e--

« Timely. In order to be meaningful, the
manager must receive and distribute
the information used for controlling in a
timely manner. Information should be
“forward looking.” Focus attention on
actions that will cause activities to oc-
cur as scheduled, instead of adjusting
for events in the past.

H Y- T TT [SY=Y 4 2P NVur § BN

making progress."
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Leadership is not management. Management is a bottom line focus: How can | best accomplish
certain things? Leadership deals with the top line: What are the things | want to accomplish? In the
words of both Peter Drucker and Warren Bennis, "Management is doing things right; leadership is do-
ing the right things." Management is efficiency in climbing the ladder of success; leadership deter-
mines whether the ladder is leaning against the right wall.

You can quickly grasp the important difference between the two if you envision a group of pro-
ducers cutting their way through the jungle with machetes. They're the producers, the problem
solvers. They're cutting through the undergrowth, clearing it out.

The managers are behind them, sharpening their machetes, writing policy and procedure manuals,
holding muscle development programs, bringing in improved technologies and setting up working
schedules and compensation programs for machete wielders.

The leader is the one who climbs the tallest tree, surveys the entire situation, and yells, “Wrong
jungle!" But how do the busy, efficient producers and managers often respond? "Shut up! We're

Efficient management without effective leadership is, as one individual has phrased it, "like straight-
ening deck chairs on the Titanic." No management success can compensate for failure in leadership.

Excerpts taken from The 7 Habits of Highly Effective People by Stephen R. Covey, copyright 1989

Figure 1-3. Leadership versus management
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+ Accurate. Pinpoint and then truthfully
report the information necessary for con-

FM 5-412

corrective action, by virtue of both
authority to do so and technical knowl-
trol. edge of the project.

« Valid. Information is valid when its con- - Economical. Collect only the informa-

tent represents a situation as it actually
exists. Present this information in ap-
propriate and useful units of measure.

function.

« Routed properly. Make information
used in controlling directly available to
the person who can take or recommend

in Figure 1-4.

Preliminary
planning

Stud
construction
directive

Conduct
site investigation

Detall

LIst
planning l‘ actlvitles

Prepare

materlals

Execution

Estimate loglc
quantlty noSiwork
Prepare
Estimate network
duration time
development
Prepare
bill ‘of

l

Prepare
schedule(s)

_._t.__...

Control
construction

Figure 1-4. Steps of the management process

Mission of Army Engineer Project Management

tion required for effective control, thus
minimizing the personnel, time, and
money needed to perform the control

The controlling function as part of the en-
tire project management process is shown
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EXECUTION
The execution phase begins with the actual uses supervision, inspections, and progress
start of construction, although some pro- reports. Any changes in project plans and
curement actions may already have taken specifications made after construction has
place. To ensure compliance with the begun involve replanning and rescheduling.

schedule and with the project plans and
specifications, the engineer unit commander

1-14 Mission of Army Engineer Project Management
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PLANNING AND SCHEDULING
PROCESSES
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CHAPTER 2

SYSTEMS MANAGEMENT

Engineers must manage engineer tasks,
whether the task is a rear-area construc-
tion job, such as a supply depot, or a for-
ward-area combat engineer task, such as a
minefield. They must use a combination of
personnel, materials, and equipment to ac-
complish the mission. Task completion is
affected by available time and resources,
the tactical situation, weather, and terrain
conditions.

These factors affect both construction plan-
ning and combat planning. How well the
engineer leader accomplishes a task de-
pends in large part on his ability to plan,
schedule, and control resources within a
constrained environment. This chapter de-
scribes the basic elements of systems that
will aid the manager in accomplishing the
mission.

GANTT CHART METHOD

An excellent means of project planning and
control is the Gantt or bar chart Fi?ure 2-j|,
page 2-2). Used primarily for smaller pro-
jects, it is simple, concise, and eas%/ to pre-
pare. The major disadvantage of this man-
agement tool is that the user must have a
detailed knowledge of the particular project
and of construction techniques. Problems
may occur if the project manager is sud-
denI%/ replaced. The replacement manager
is left with a document in which all the rela-
tionships are not readily apparent.

Other disadvantages of planning with a
Gantt chart are--

« It does not clearly show the detailed
« sequence of the activities.

+ It does not show which activities are
critical or potentially critical to the suc-
cessful, timely completion of the mis-
sion.

» It does not show the precise effect of a
delay or failure to complete an activity
on time.

« Inan emergency, a project’s delay may
lead to incorrectly expediting noncritical
activities.

CRITICAL PATH METHOD

PURPOSE

The critical path method (CPM) is a plan-
ning and control technique that overcomes
the disadvantages of using only a Gantt
chart and provides an accurate, timely, and

Planning and Scheduling Processes

easily understood picture of the project.
With this additional information, it Is easier
to plan, schedule, and control the project.
Used together, the Gantt chart and the logic
network provide the manager all the critical
information needed to accomplish the task.

2-1



PROJECT MANAGEMENT

NONREPETITIVE PRODUCTION, ACTIVITY SCHEDULE

FM 5-412
Operation
Number Operations _ o
1 Order and deliver rebar
3 Order and deliver structural
steel
4 Order and deliver windows
and doors

5 Order and deliver equipment
6 Move In
7 Clear site
8 Excavale

10 Place rebar

n Cast footings

13 Erect walls

14 Place floor

15 Place roof

16 instali windows

17 Install equipment

18 Clean up

Weeks*

*Time scale may be in calendar time

Figure 2-1. Gantt or bar chart

The CPM requires a formal, detailed investi-
gation into all identifiable tasks that make
up a project. This means that the manager
must visualize the project from start to fin-
ish and must estimate time and resource re-
quirements for each task.

Uses. The CPM can be used to accomplish
construction and combat tasks at any level
of management from the engineer squad to
the engineer brigade. A squad leader needs
to have a basic knowledge of CPM for two
primary reasons.

Engineer tasks. As a member of a larger

work element, the squad leader will be re-
sponsible for assigned tasks within the

2-2

CPM network. Knowledge of CPM results in
a better understanding of the criticality of
the tasks in relation to the total project so
that the squad can be better prepared or
trained to accomplish these tasks.

Combat tasks. A squad may be attached to
a maneuver element if required by the tacti-
cal situation. Therefore, the squad leader
becomes an independent manager of person-
nel, material, and equipment and must now
plan, schedule, and control these assets.
Normally, a formal portrayal of the CPM
would not be required, but the basis for
CPM becomes a valuable tool for the squad
leader in accomplishing his combat tasks.

Planning and Scheduling Processes
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Advantages. The CPM --

* Reduces the risk of overlooking essen-
tial tasks and provides a blueprint for
long-range planning and coordination of
the project.

+ Gives a clear picture of the logical rela-
tionships between activities in a project.
This is especially helpful if a new man-
ager needs to take over the project.

+ Focuses the manager’s attention by
identifying the critical tasks.

« Generates information about the project
so that the manager can make rational
and timely decisions if complications de-
velop during the project.

« Enables the manager to easily deter-
mine what resources he will need to ac-
complish the project and when these re-
sources should be made available.

« Allows the manager to quickly deter-
mine what additional resources he will
need if the project must be completed
earlier than originally planned.

+ Provides feedback on a finished project
that lets the manager improve tech-
niques and assure the best use of re-
sources on future projects.

Limitations. The CPM is not a cure-all for
engineer problems. It does not make deci-
sions for the manager, nor can it contribute
anything tangible to the actual construc-
tion. The CPM should be used to assist the
manager in planning, scheduling, and con-
trolling the project.

PRELIMINARY PLANNING

The first stelp in planning is to find out all
the essential information concerning the
project. Most of this information can be ob-
tained from the construction directive pub-
lished by the next higher headquarters for
the company or battalion actually perform-
ing the construction. If the information is

Planning and Scheduling Processes
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not there, the manager should ask for it.
At the platoon and squad levels, tasking is
normally accomplished by oral orders. Af-
ter gathering information, the manager
should conduct a thorough site investiga-
tion, then check with the customer to en-
sure that the final facility, as planned, will
satisfy the needs.

Ty _For more information on
preliminary planning, see Iéhapter 1.

DETAILED PLANNING

The manager must study plans and specifi-
cations carefully, construct the project men-
tally, and break it down into its component
parts. Each component is termed an activ-
Ity: a resource-consuming element of the
overaIIJob which has a definable beginning
and ending.

Developing an activities list is the first step
in developing a CPM, and the step that
most easily frustrates many managers.
Breaking down a construction project into
activities and placing these activities in a
logical sequence requires skill and experi-
ence. Once the process of mentally con-
structing the project has begun, however,
the activities can come to mind easily. The
CPM planner must consult with the con-
struction supervisor to get the required
data, and may gather valuable assistance
from experienced noncommissioned officers
(NCOs) in planning the project and develop-
Ing estimates. [Appendix A is a checklist
containing work elements or tasks for vari-
ous construction jobs.

The number and detail of the activities on
the list will vary from job to job and will de-
pend upon the intended use of the CPM net-
work and the experience of the managers.
Use [Figures 2-2|through[2-5, page 2-4, for
the following example: Someone, some-
where, gets an idea for a project, prepares
an activities list, and delegates these activi-
ties to subordinates (Figure 2-2).
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The next subordinate unit then also pre-
A. Project: Upgrade all pares an activities list and delegates these
existing on-post secondary activities to its subordinates (Figure 2-4).
roads. 1

B. Activities 1list:
A. Activities 1list:

1. Upgrade all trails
to dirt roads. 1. Pave route #17.
to gri;egpiﬂiiz dirt roads 2. Install traffic signs.
a 11 3 . o 3. Prepare road
3. Upgrade gravel roads shoulders
to paved roads. *
C. Delegation: Delegate B. Delegation: Delegate
gravel road upgrade to traffic sign installation to
999th Engr Bn. 3d Plt, B Co, 59%Sth Engr Bnm.

Figure 2-2. Brigade actions
Figure 2-4. Company actions

The subordinate unit then prepares an activi- ~ The next subordinate unit, in turn, prepares

ties list and delegates these activities to its an activities list and may or may not dele-
subordinates (Figure 2-3). gate further for each activity (Figure 2-5).
A. Activities list: Activities 1list:
1. Upgrade route #15 l. Acquire signs.
2. Upgrade route #17 2. Assemble signs.
3. Upgrade route #22A 3. Place signs.
4. Upgrade route #30

B. Delegation: Delegate Figure 2-5. Platoon actions
Route #17 roads upgrade to
B Co, 999th Engr Bn.

2-4 Planning and Scheduling Processes
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The bottom line, however, is that the higher-
echelon levels need not list each and every
little possible activity (such as placing traf-
fic signs) when it receives the “big picture”
mission. Activities should be only as spe-
cific as is consistent with the level of super-
vision.

Keep in mind that the activities list only
states what is to be done. It will not con-
sider how the activities will be accom-
plished, in what order the activities will be
performed, or how Ion? it will take to com-
plete each activity. All that is necessary at
this point is to list what work must be done
to complete the mission. The other prob-
blems will be addressed later, one at a time.

The following guidelines offer some assis-
ta?ce, but should not be regarded as strict
rules:

« Break the assigned job into separate op-
erations, or activities, to complete the
job successfully. The number and de-
_tag of these tasks will vary from job to
job.

+ Include a description of the work to be
performed within each activity.

» Do not consider time, labor, order of
construction, material, or equipment.
Break the project into its component
parts only.

« Check the activities list for complete-
ness and accuracy.

LOGIC DIAGRAM

One of the most important features of the
CPM is the logic diagram. The logic dia-
gram graphically portrays the relationship
between a project’s many activities. This
benefits the manager by providing a tool to
use in eliminating many problems that
might arise during the construction phase
of the project. Before the diagram can be
drawn up, however, the project must first
be constructed both mentally and on paper
to determine the activities’ relationships.
The manager does this be asking the follow-

Planning and Scheduling Processes
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ing questions for each activity on the activ-
ity list

- Can this activity start at the beginning
of the project? (Start)

» Which activities must be finished before
this one begins? (Precedence)

« Which activities may either start or fin-
ish at the same time this one does?
(Concurrence)

+ Which activities cannot begin until this
one is finished? (Succession)

+ Which activities may start when a por-
tion of another activity is complete?
(Lag/Lead)

One way to determine these relationships is
to make one column to the right of the ac-
tivities list titled "Proceeded Immediately By
(PIB)". Under this column, for each activ-

ity, list all other activity numbers (or letters
or symbols) which must immediately pre-
cede the activity in question. If the activity
can begin at the very beginning of the en-

tire project, write "None."

Example: You are given the mission to build
a 40’ x 40’ x 8 concrete pad and construct a
12-foot-wide, 1,000-yard-long gravel road-
way leading to it. From your mental and pa-
per construction of the project, you might de-
cide that the activities for constructing the
roadway are: to clear the roadway, acquire
the gravel, prepare the subgrade/ subbase,
and lay the gravel. For the pad, your tasks
might be: to clear the site, acquire gravel,
#orepare foundation, prepare forms, place
orms, mix and pour concrete, cure concrete,
and remove forms. (Obviously, these activi-
ties have been simplified to Provi_dq clarity
for the example. An actual activities list
would likely be much more detailed.)

Assuming that all resources are immedi-
ately available (except the gravel which
must be acquired), four of the activities
listed below) can begin imme-
diately and "None" will be noted in their
"PIB" column. Preparation of the pad
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foundation (activity D) cannot begin until
the pad site has been cleared (activity A), so
A will be placed under activity D’s “PIB” col-
umn. Since both activities F and | require
gravel (activity F because gravel is a compo-
nent of concrete), then their “PIB” columns
will list activity C. By continuing in this
same manner, the activities list and PIB re-
aullts that you develop might look like Table

Table 2-1. Activities list

Activities List

A Clear Pad Site None
B Clear Roadway None
C Acquire Gravel None
D Prepare Pad Foundation A
E Prepare Subgrade/subbase B
F Lay Gravel Surface C,E
G Prepare Forms None
H Place Forms D,G
I Mix and Pour Concrete C,H
J Cure Concrete I
K Remove Forms J

NOTE: Remember to mark only those items
that immediately precede the activity in
guestion. For example, even though activ-
ity B precedes activity F, it does not imme-
diate!}/ precede it; activity B immediate(?/
precedes activity E which in turn immedi-
ately precedes activity F.

Now that we have the necessary activity re-
lationships needed to develop the logic dia-
ram, we must determine which format of

ogic diagraming we are going to use.
Whereas the activity-on-the-arrow format of
logic diagraming used to be a popular
method, the current standard for both mili-

2-6

PROJECT MANAGEMENT

tary and civilian managers is the activity-on-
the-node format, or "precedence diagram-
ming." The two basic logic symbols on the
precedence diagram are the node and the
precedence arrow.

Nodes. A node is simply a parallelogram
which represents an activity, and each activ-
ity on the activities list is represented by a
node on the logic diagram. The node is of
a standard shape and format, and contains
all the necessary information for the activ-
ity. It represents a period of time equal to
the activity duration. Each node includes
the activity’s number, duration, required re-
sources, early and late start times, and
early and late finish times (Figure 2-6). Re-
quired resources information and activity
duration times are taken from the Activity
Estimate Sheet which is completed during
resource estimating (see|Chapter 3). Devel-
opment of activity numbers and start/finish
times will be discussed later.

Start and finish nodes are normally repre-
sented by a circle or oval. These kinds of
nodes have no duration and are known as
milestones. Milestones can also be used at
other points in the network to represent a
checkpoint, a major accomplishment, or a
deliverable result.

Precedence arrows. The precedence arrow
(or simply “arrow”) shows the order se-
guence and relationship between activities
(such as what activities must precede and
may follow another activity). The configura-

Early / Activity # / Early
Start Finish

Duration
Late Late

Start / Resources / Finish

Figure 2-6. Activity-on-the-node format
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tion of the diagram’s nodes and arrows is
the result of the PIB list (or the answers to
the five questions that were previously
asked of each activity%. The logic behind
the diagram is such that an activity cannot
begin until all activities that send an arrow
to it are complete.

Using the previous example, the following is
a logic diagram to show the relationship be-
tween the project’s activities (Figure 2-7).
First, all activities that can begin at the
start of the project (activities not reliant
upon the completion of any other activity be-
fore it can begin) will come directly from

the START node (activities A, B, C, and G).
Since activity D cannot begin until activity
A is complete (activity D is “preceded imme-
diately by” only activity A), an arrow will be
drawn from activity A to activity D. Since
activity H cannot begin until both activities
D and G are complete (activity H is “pre-
ceded immediately by” D and G), activity H
must receive an arrow from both activities

D and G. Since neither activity F nor activ-
ity | may beﬂin until activity C is complete,
an arrow will be drawn from activity C to
both activities F and I.

If two activities

FM 5-412

may run concurrentl
and 1), then they will both receive an arrow
from a preceding activity yet have no ar-
rows connecting their own nodes, Finally,
all activities that do not have a succeeding
activity will go directly to the FINISH node
(activities F and K).

(such as activities F

Development of the actual diagram is often
through trial and error. It is best to form a
rough draft which satisfies some of the
logic criteria, and then modify the diagram
to meet the remaining criteria. Begin with
those activities which have “None” under
the PIB column. They will stem directly
from the START node. Then, after each of
these starting activities, place the activities
which immediately follows it. These follow-
on activities are the ones which list the
starting activities in the PIB column. Con-
tinue using this same methodology until all
activities have been diagramed. Finally,
connect all the dangling activities to the
FINISH node, and check and modify the dia-
gram to ensure none of the logic criteria
have been violated.

45 50 55
/3 =/ K

Figure 2-7. The logic diagram

Planning and Scheduling Processes
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ACTIVITY NODE NUMBERING

Once the logic diagram has been con-
structed, each activity, or node, is given a
number for identification on the diagram.
Two rules exist for activity node numbering:
1) every activity node number must be dif-
ferent, and 2) the activity node number at
the head of the logic arrow must be greater
than the number at the tail of the arrow.
Otherwise, any number may be chosen for
the activity node number. As you will dis-
cover later, numbering the activities reduces
confusion on a diagram and is very useful
during resource scheduling.

The activity node numbers are placed in the
upper middle sector of the node (see|Figure]
, page 2-6) and normally use increments
of five or ten. This allows room for addi-
tional activity nodes to be inserted later, if
necessary. Once the activities are num-
bered, they may be referred by either their
names or their numbers. In this manual,
activity names will frequently be designated
by letters, as is shown in[Table 2-1, page 2-6,

PROJECT MANAGEMENT

and in, page 2-7, but the node
will receive a number once it has been
placed in a logic diagram.

Figure 2-8 shows a circular deadlock and a
violation of both diagram logic and number-
ing rules. The logic error stems from the
endless “loop” created by the arrow connect-
ing activity 20 with activity 10. This dia-
gram suggests that 10 is reliant upon 20
which is reliant upon 15 which is reliant
upon 10. This illogical diagram also vio-
lates numbering rules, since activity 20, at
the tail of the arrow, is not less than activ-
ity 10, which is at the head. Activity num-
bering rules heIP prevent this kind of error,
Whilt(:h is difficult to discover in a large net-
work.

ACTIVITY DURATION AND RESOURCES

The logic network is constructed without re-
gard to how long an activity will last or
whether all required resources are avail-
able. It simply displays the relationships

Figure 2-8. Logic error from 20 back to 10

2-8
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between activities, provides project under-
standing, and improves communications.

Once the network has been drawn and activ-
|t?/ numbers are in place, the manager
places activity duration and resource re-
quirements in each activity node. The dura-
tion is placed in the center sector of the

node, and the resou

rces are placed in the
lower middle sector (Figure 2-%, page 2-6).
The manager determines these times and re-
sources using the estimating procedure dis-
cussed in[Chapter 3. This procedure is rec-
ommended as a standard because it is flex-
ible and lends itself to full documentation.

If an activity has too many resources to
list easily in the space provided in the
node, use a code to refer to the necessary
resources or list the resources for each ac-
tivity as shown in Table 2-2.

Estimating is the lifeblood of the CPM time
analysis. Estimating data (durations and
crew sizes? forms the basis for calculating
early and late event times and critical activi-
ties, tabulating activity times, and schedul-
ing. Thus, output of CPM time analysis

can be no better than the estimating input.
If an estimate changes because of new infor-
mation or experience, the estimator must
use the new data to update the time analy-

FM 5-412

sis. A time analysis based on outdated esti-
mates is useless.

ACTIVITY START AND FINISH TIMES

The next step in the CPM process is to cal-
culate the earliest and latest times at which
the activities can occur without violating

the network logic or increasing the project’s
overall duration. This provides the man-
ager with a time frame for each activity.
Within each time frame the activity must be
completed or else other activities become de-
layed or the entire project is delayed. From
this exercise, the manager will be able to
easily identify which tasks must be criti-
cally managed to ensure the project’s dura-
tion is minimized. Naturally, an event can-
not begin until all events previous to it (ar-
rows leading to it in the logic diagram% are
completed. The event-time numbers shown
in the corners of activity nodes represent
the end of the time period. Thus, a start
or finish time of day five would mean the
end of the fifth day (or the beginning of the
sixth day).

Table 2-2 activities list shows not only the

PIB, but also the new node numbers (replac-
ing activity letters), the duration of each ac-
tivity (in days), and the estimated resources

from tables and personal experience; see
Chapter 3)

Table 2-2. Activities list with resources

Activities List

5 Clear pad site None 1 1 dozer, 1 squad
10 Clear roadway None 2 2 dozers, 2 squads
15 Acquire gravel None 6 2 5-ton dump trucks,
1 scoop loader,l1 squad
20 Prepare pad 5 2 2 sduads
foundation
25 Prepare 10 3 1 dozer, 1 sheepsfoot
subgrade/subbase
30 Lay gravel surface 15, 25 2 1 dozer, 2 5-ton dump
35 Prepare forms None 1 1 squad trucks, 1 scoop
loader, 1 squad
40 Place forms 20, 35 1 2 sdquads
45 Mix and pour concrete 15, 40 1 3 squads
50 Cure concrete 45 6 1 squad
55 Remove forms 50 1 1 squad
Planning and Scheduling Processes 2-9
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The manager is now able to fill in the infor -
mation in all three center squares of his ac-
tivity nodes: the node number (increments
of 5'o1|10(SI i?_ ingreasbing orr]der), (zljuration
usually defined to be in hours, days, or
\(/veeks)?/and resources needed. (Seg _Figure|
p-6, page 2-6).

Early start /early finish. The early start
times are positioned in the upper left corner
of the activity nodes. These are the earliest
times the activity events may start logically.
Since the beginning activities (in the above
example, activities 5, 10, 15, and 35) are at
the start of the project, the earliest time
that these events may start is zero (the end
of day zero or the beginning of day one).
Add the duration of each activity (center of
the node) to the early start time to compute
the early finish time, positioned in the up-
per right corner of the activity node (Figure
2-9). The early finish time is the earliest
time the activity event may finish, if indeed
the duration estimate is accurate.

/ /

EARLY START (ES) + DURATION = EARLY FINISH (EF)

Figure 2-9. Early finish time

Following the precedence arrows within the
logic diagram, the next activity’s early start
time (at the head of an arrow) is the same
as the previous activity’s early finish time
(at the tail of an arrow). Do not regard the
node’s bottom left and right corners at this
time. To determine an activity’s early start
time when more than one arrow head leads
into its node, choose the largest early fin-
ish time of all activities at the arrows’ tails
(Figure 2- 10). Logically, an activity cannot
blegin until all preceding activities are com-
plete.

2-10

PROJECT MANAGEMENT

Figure 2-10. Advancing the largest early
finish time

Using this same systematic process, con-
tinue working through the entire logic dia-
?ram, computing all early start and early
Inish times. This computational movement
through the logic diagram is known as the
forward pass. At the finish node, the over-
all duration for the project will be the larg-
est early finish time of all activity nodes
leading into the finish node. In the exam-
ple on the next page, the project duration
will be fourteen days, as determined by the
sequence of construction and the time dura-
tion on each activity, culminating in the
early finish time at node 55 of fourteen

days (Figure 2- 1)

Example: Node 30 has two arrows leading
into it, from nodes 15 and 25. To determine
the early start time of node 30, use the
larger of the two early finish times of node
15 (6) and node 25 (5). In this case, 6
would be the appropriate early start time for
node 30.

Late finish/late start. The late finish
times are positioned in the lower right cor-
ner of the activity nodes. These are the lat-
est times the activity events may finish with-
out delaying the entire project. Since the
last activities (in the above example, activi-
ties 30 and 55) are both at the end of the
fourteen-day project, the latest time that
both these events can finish is the project
duration’s finish, or the end of day four-
teen. The number fourteen, then, should be
put in the lower right corner of both

Planning and Scheduling Processes
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nodes. Subtract the duration of each activ-
ity (center of the nodel) from its late finish

time to compute the late start time, posi-
tioned in the lower left corner of the activ-
ity node (Figure 2-12). The late start time

is the latest time the activity event may

start without delaying the entire project, if
indeed the duration estimate is accurate.

/

DURATION

/
LS / / LF

LATE FINISH (LF) - DURATION = LATE START (LS))

()

Figure 2-12. Late start time

Following the precedence arrows backward
within the logic diagram (right to left), the
previous activity’s late finish time (at the
tail of an arrow) is the same as the next ac-
tivity’s late start time (at the head of an ar-
row). Do not regard the early start and
early finish times within the nodes at this
time. To determine an activity’s late finish
time when more than one arrow tail leads
away from its node, choose the smallest
late start time of all activities at the arrows’
heads (Figure 2-13). Logically, an activity
must finish before all follow-on activities
may begin.

Figure 2-13. Retrieving the smallest late
start time

2-12

Using this same systematic process, con-
tinue working backward through the entire
logic diagram (against the arrows), comput-
ing all late finish and late start times. This
computational movement back through the
logic diagram is known as the backward
pass. Back near the start node, at least
one of the late start times of an activity
coming from the start node must be zero.
In the above example, the late start time of
node 15 is zero (Figure 2-11), page 2- 11).

Example: Node 15 has two arrows leading
from it, to nodes 30 and 45. To determine
the late finish time of node 15, consider the
smaller of the two late start times of node
30 (12) and node 45 (6). In this case, 6
would be the appropriate late finish time for
node 15.

FLOAT CRITICAL ACTIVITIES, AND THE
CRITICAL PATH

A critical activity can be determined from
th(le logic network by applying the following
rules:

Rule 1. The early start (ES) time for a
particular activity is the same as the late
start (LS) time.

Rule 2. The early finish (EF) time for a

Pa_rtlcular activity is the same as the late
inish (LF) time.

Rule 3. The ES or LS added to the dura-

tion of the activity results in the EF or LF.

In the above example, nodes 15, 45, 50,
and 55 meet the three listed rules, thus
making them critical activities. A critical ac-
tivity, It delayed by any amount of time, will
delay the entire fproject’s completion by the
same amount of time. Critical activities,
when linked together, will always form a
path along arrows from the start node to
the finish node, called a critical path. A
logic arrow between two critical activities
usually forms the critical path, but not al-
ways; the path between two critical activi-
ties is critical only when the EF of a critical
activity is equal to the ES of the following
critical activity. If it is not, the critical

path branches off to another critical activity
before linking back up. The critical path

Planning and Scheduling Processes
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may indeed branch out or come back to-
gether at any point, but there will always
be one or more critical paths. All critical
paths must be continuous; any critical path
that does not start at the start node and
end at the finish node indicates a logic mis-
take. Critical paths are indicated on the
logic diagram by some method such as dou-
ble ljnes, bold lines, or highlighted color
(seelFigure 2-11, page 2- 11). Any activity
node not on the critical path will contain
some float. Float is extra time available to
complete an activity beyond the activity’s ac-
tual duration, such as having six days avail-
able to do four days worth of work. It is
the scheduling leeway. Naturally, all activi-
]Elies on the critical path will not have any
oat.

Total float. Total float (TF) is the entire
amount of time that an activity may be de-
layed without delaying the project’s esti-
mated completion time. Total float for an
activity is determined by the equation
TF=LS-ES or TF =LF - EF.

Both equations will yield the same answer
if the manager has properly computed the
LS, ES, LF, and EF. Total float consists of
the sum of interfering float (IF) and free
float (FF): TF = IF + FF.

Interfering float. Interfering float is time
available to delay an activity without delay-
ing the entire project’s estimated completion
time, but delaying an activity into interfer-
ing float will delay the start of one or more
other noncritical activities later in the pro-
ject. Interfering float for an activity is deter-
mined by the equation IF = LF - (ES of fol-
lowing activity).

In the logic network, if more than one activ-
ity logically follows the activity in question,
choose the smallest ES of the choices for
the above equation.

Free float. Free float is also time available
to delay an activity without delaying the pro-
ject’s estimated completion time and with-
out delaying the start of any other activity
in the project. Free float for an activity is
determined by the equation FF = TF - IF.

Planning and Scheduling Processes

Example: Activity 25 is not on the critical
path, so it must haue float. Total float
would be 7 (LS-ES or LF-EF). Interfer-
ing float would be 6 (LF of node 25- ES of
node 30). Free float would be 1 (TF-IF).

SCHEDULING

The manager is now able to construct an ac-
tivity schedule, known as an early start
schedule. This schedule, when coupled

with a logic diagram, graphically shows all
necessary planning information for the man-
ager. The first step is to list all activities in
numerical order. After each activity, note

in parentheses all immediately dependent
activities, or those activities that are con-
nected with an arrow. For example, since
activities 30 and 45 cannot begin until activ-
ity 15 is complete, annotate activity 15 in
the schedule like this; 15 (30,45). If an ac-
tivity leads into the finish node, put an “F”
in the parentheses after the activity num-
ber, or just list the activity number with no
parentheses.

The next step is to mark on the schedule
the time frame for each activity during
which each activity may be performed with-
out delaying the project or violating any of
the diagram sequence relationships.

Consider node 40 in [Figure 2-11. The ES
shows that the earliest this activity can be-
gin is the end of day three (or the begin-
ning of day four). Thus, the beginning of
day four to the end of day six gas eter-
mined from the LF) is the available time
span in which to complete this activity. Be-
cause of the nature of the logic diagram,
this activity cannot be scheduled earlier,
since activity 20 must be completed first.

It cannot be scheduled later, for that would
delay the entire project. As a reminder to
schedule the right bracket at the beginning

(morning) of the following da e “ES + 17
and “LF" as brackets (Figure 2-14, page 2-14).
Once the brackets are placed correctly, the
next step is to make a trial schedule, sched-
uling each activity as soon as possible

within the time frame, or flush with the left
bracket. To schedule a particular activity,
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ES+) LF
ACTIVITY \ DAY / I
NUMBER [ \ 51 als|s 7} 8 o]l n 12|13l ]6]w]|ws "
40(45) ~ 1= "

Figure 2-14. Bracketing the time span

place the number of each kind of resource
Inside each box along the activity line. Do
not exceed the activity’s duration; stop at
the end of the earIP]/ Inish time day. The re-
maining boxes within the bracketsare left
blank for now and will become either free

or interfering float.

Example: Activity 40 requires two squads
for one day for maximum efficiency. To
show this activity scheduled as soon as pos-
sible, place the number 2 (number of squads)
in the first box only within the brackets (du-
ration) as shown in Figure 2-15.

Scheduling all the activities as soon as pos-
sible yield tart schedule as
shown in|Figure 2-16. For clarity, only the
squads which are necessary for each activ-

ity are shown. All activities are scheduled
to begin at their ES times.

The “Xs” on the right end of some of the
bracketed activities denote days of interfer-
ing float. To figure these IF days, use the
formulas given earlier to compute total, in-
terfering, and free float. For those activities
that have interfering float, begin at the
right bracket and work to the left, placing
an “X in each box for each day of interfer-
ing float. For activities 25 and 35, interfer-

NETWORK DAY

ing float is marked to a point, and the re-
maining blank boxes within the brackets
are free float. Some activities have all free
float (activity 40), and some have all inter-
fering float (activity 10). All noncritical ac-
tivities that are followed immediately by the
finish node in the logic diagram will always
have all free float (activity 30).

To double check proper placement of the in-
terfering float “Xs”, consider the numbers in
parentheses after the activity numbers on
the schedule. If a dependent (follow-on) ac-
tivity is scheduled to begin before the end
bracket of the activity in question, then
that activity will have interfering float start-
ing at the day of the beginning of the de-
pendent activity. For example, activity
35(40) begins on day 1 and the following ac-
tivity, activity 40(45), begins on day 4.
Therefore, days 4 and 5 of activity 35(40)
will be interfering float, because if activit
35(40) is delayed past day three, it will de-
lay activity 40(45 ). Remember, however,
that this will not yet delay the entire dura-
tion of the project, because activity 40(45)
can be delayed into free float for two days
before it bumps into the right bracket, and
becomes “critical”. If, hypothetically, activ-
ity 40(45 ) were delayed into interfering float

NUMBER

0] N 12 13 14 15 16 17 18

40(45) (2 )

Figure 2-15. Scheduling resources
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NETWORK EARLY START SCHEDULE

NUMBER
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40(45) (2 )]

#5(50) (3]

50(535) [ BRI

55 (1]

o g |5l |42l ld]2 R A A

SQUADS

Figure 2-16. Early start schedule showing float

also, it would subsequently delay some or
all of its follow-on activities, and so on.

In cases where many different kinds of re-
sources are necessary for an activity such
as activity 15, managers may choose to use
several lines contained within one set of tall
brackets, as shown in\FiQure 2-1], page
2-16, and use each line for a different type
of resource. For example, “5T” represents a
5-ton truck, “SL” represents a scoop loader,
and “SQ” represents a squad. This is
known as a multiple-resource schedule.
When summing resources by the time pe-
riod across the bottom of the early start
schedule, remember to sum for each differ-
ent kind of resource.

As can be determined from the multiple-re-
source schedule, summed resources often
exceed available amounts for a given day,
and activities must be delayed (into float
whenever possible) to spread the resources’
use across the time frame of the project.

Planning and Scheduling Processes

See for the systematic proce-

dure to constrain resources and for a sam-
ple problem.

REDUCTION OF THE PROJECT

If the CPM indicates that the project’s dura-
tion exceeds what higher headquarters gave
as a completion date, the manager should
examine the logic diagram’s critical path to
find activity durations which may be short-
ened. This is known as expediting, com-
pressing, or crashing the project. Keep in
mind, however, that to shorten the project
duration, managers must focus on critical
activities only on the critical path. Shorten-
ing a noncritical activity will not shorten
the project duration. However, increasing
the allocation of resources to activities
which fall on the critical path may reduce
the duration of the project. Additional
equipment and personnel can be committed
or the same equipment and personnel can be
used for longer hours. Normally, a moderately
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Figure 2-17. Scheduling multiple resources
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extended workday is the most economical
and productive solution. Managers may
also choose to work double shifts or work
on weekends. When expediting activities,
however, consider the long-term effects on
safety, morale, and equipment use and a
subsequent decrease in efficiency.

Materials. Committing additional materials
may also reduce a project’s duration. For
example, using individual sets of forms in
constructing concrete slabs is faster than
reusing forms. A construction agency
might expedite material deliveries by provid-
ing its own transportation. After a critical
path activity is reduced by one time unit,
the logic diagram must be checked to deter-
mine whether or not additional paths have
become critical, such as those activities
that previously had only one day of float.

Cost. If the estimates used in the CPM net-
work reflect the most efficient methods of
construction, crashing the project to finish
before the determined duration will always
cost money. In order to reduce project du-
ration, the estimator must first identify how
much each activity can be reduced in time
and how much this reduction will cost.
Then, through successive reductions in the
duration of the critical path(s), the project
is expedited at the least additional cost.

Redefined logic. The manager should re-
view all the activities on the critical path to
examine if a situation exists where a pre-
ferred logic relationship is perhaps not abso-
lutely necessary. There are two ways the
logic can be redefined:

1. Move activities within the logic diagram.
This is a technique that could be used
when the manager finds that two sequential
activities could actually be done concur-
rently. For example, if it will take another
hour before the small emplacement excava-
tor (SEE) shows up to dig a fighting posi-
tion, soldiers with hand tools can actually
start ?arly and let the SEE finish upon its
arrival.

2. Introduce a lag factor for an activit?/
that does not have to be entirely completed
before a following activity can be started.
For example, although a road must be

Planning and Scheduling Processes
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compacted before it can be paved, all 10
kilometers of the road need not be com-
pacted before the paving can begin on the
areas already compacted. A 25 percent lag
factor may be introduced, such that paving
can begin once 25 percent of the compact-
ing is complete. In[Figure 2-18, page 2-18,
the addition of a 25% Ia? factor shows how
it reduces the duration from 24 to 15 time
periods.

The formula to figure the ES of a node after
the lag factor on the forward pass is:

(Duration of activity x % lag) + ES =
ES of following actiuity

The formula to figure the LF of a node be-
fore the lag factor on the backward pass is:

[Duration of previous activity x (I-% lag)] + LS=
LF of previous activity

USE OF THE COMPUTER
Engineering skill is required to break a pro-

ject down into an activities list, construct

PIB relationships, and estimate activity du-
rations and crew sizes. Once these steps
are complete, the rest of the CPM (including
the logic relationships and diagram, node
times, and scheduling) can be done by com-
puter. With further estimating data, project
expediting can also be done by computer.
The computer is significantly faster than
manual computations for time analysis of
networks with many activities. CPM updat-
ing, reporting, and war-gaming are also
much easier by computer. Before undertak-
ing the CPM, investigate the availability of a
computer with CPM programs.

An automated version of the AFCS, called
Theater Construction Management System
(TCMS), is available. This Package includes
all AFCS drawings and bills of materials, la-
bor and equipment estimates, construction
directives, and an automated drafting pro-
gram. Additionally, TCMS provides a link
tor all this data and capability to an auto-
mated project-management software program,
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allowing ﬁlanners reater flexibility and ca- the Huntsville, Alabama, division of the
pability than ever before. For more informa- Corps of Engineers.

tion on TCMS, contact the AFCS section of

Original logic
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Logic with lag factors
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Activity Description

5 (10) Clear and Grub

10 (15) Scarify and Compact
15 Base Course

Figure 2-18. Lag factor
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ACTIVITY ESTIMATES
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CHAPTER 3

IMPORTANCE OF DETAILED ESTIMATES

One of the most important steps in plan-
ning a project is estimating activity dura-
tions. Carelessly made estimates may lead
to failure to meet completion dates. They
may cause uneconomical use of personnel,
materials, time, and equipment and they
may seriously jeopardize a tactical or strate-
gic situation. preliminary estimates yield
approximate data for planning purposes.

They are not exact for tasks of any large
size or complexity. More accurate, detailed
estimates are vital to the successful plan-
ning and execution of a mission. Succeed-
ing steps in detailed planning depend upon
valid estimates. For these reasons, the mili-
tary project manager must be a good estima-
tor and must have competent estimators in
the organization.

THE ESTIMATING PROCESS

Estimating procedures are designed to yield
various results. Initially, these results take
the form of material requirements or bills of
materials (BOM) and equipment/personnel
requirements. Ultimately, the manager can
derive an estimate of the time needed to ac-
complish each of the tasks in a project.

The following paragraphs detail a sequential
procedure to aid the estimator:

MATERIALS ESTIMATES

Step 1. Work items. Determine the work
items. These should agree with the CPM ac-
tivities list, except where a more detailed
breakdown is required for accuracy and
completeness.

Step 2. Materials. Determine the materi-
als required for a given work item. Study
the plans and specifications in detail to en-
sluae éhat all necessary materials are in-
cluded.

Step 3. Quantities. Calculate the quan-
tity of each item of material needed in the
work item.

Activity Estimates

Step 4. Waste factors. Apply a waste fac-
tor, if appropriate, to each of the materials
required. The waste factor should reflect
conditions at the work site, intended use of
the material, and skill level of the troops
working with the material. Include spillage,
breakage, cutting waste, and spoilage in the
waste factor. Typical waste factors are in
endix d. Investigate any unusually
high waste factor to determine if any action
can be taken to reduce it.

Step 5. Total material requirement.
Combine the originally calculated quantity
and the allowance for waste to give the to-
tal material required.

Step 6. Bill of materials. Draw up a con-
solidated BOM by combining like materials
from all the work items to obtain a grand to-
tal for each type of material needed. This
BOM should contain all the materials neces-
sary to complete the job. The BOM is sub-
mitted through the appropriate supply chan-
nels for procurement.
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EQUIPMENT/PERSONNEL ESTIMATES

Step 1. Work items. List the work items to
be estimated. In most cases, these will be
the work items used in the material estimate,
although additional activities which require
workers or equipment without expending ma-
terials may be added.

Step 2. Available resources and methods.
Consider available resources and methods of
construction, to decide how to accomplish
the work component. Describe the method of
construction, including sketches (as re-
quired), to provide (};uidance for the supervi-
sor. If the method of construction is different
from the method the work rate is based
]chpOI‘I, adjust the actual work rate for this dif-
erence.

Step 3. Material usage. From the material
estimate, determine the quantity of material
that will be handled. This material estimate
usually includes a waste factor. However,
since the purpose here is to apply a work
rate to the quantity of material handled, accu-
racy in determining how much of the mate-
rial will be used at the specified work rate is
important. For example, if the work rate for
setting forms is given in terms of linear feet
of formwork per unit of time and if extra
form material has been ordered as waste, the
extra form material should be omitted from
this calculation. The amount of forms to be
set is determined by the configuration of the
concrete structure rather than by the quan-
tity of material ordered. Even if the waste al-
lowance is used, it most likely will be used to
replace broken, rotten, or lost wood and thus
not add to the linear feet of formwork actu-
ally set.

Step 4. Work rate. Select a work rate ap-
propriate for the work item being estimated.
through[17 provide estimating ta-
bles for various construction tasks. Esti-
mates given in these chapters are based on
units deployed as combat support service or
category Il units and therefore should be ad-
justed for operation in other categories. (See

Army Regulation (AR) 570-2 for additional in-
formation.) TM 5-304 provides an indicator
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of adjustments to estimates for the environ-
mental factor. If the information in these
tables is inadequate, consult other sources
such as other Army manuals, civilian texts,
experience, and unit records. An accurate
work rate is the heart of a good estimate.

Step 5. Labor. Calculate the standard effort
required to accomplish the work item. If
the work rate has been given in the usual
form of man-hours (the amount of effort pro-
duced by one person working for one hour)
or man-days Per unit of quantity, multiply
the quantity from Step 3 by the work rate

to get the total man-hours or man-days for
the task. When a work rate is presented in
any other form, the planner should first con-
vert to effort per unit of quantity.

Quantity x Work Rate = Standard Effort

Step 6. Efficiency factor.Decide whether
the unit or organization can operate at the
work rate given. If the work rate used in
the estimate has been taken from a stand-
ard source, expect variations in local condi-
tions. To compensate for this, apply an effi-
ciency factor. This factor is a measure of
the effectiveness of the troops in their situ-
ation compared to the standard conditions
used in the estimating reference source. It
IS most commonly given as a percentage.

Step 7. Total labor hours. Divide the
standard effort computed in Step 5 by the
work-force efficiency to find “troop effort.”
Thus, if the standard effort originally calcu-
lated was 60 man-hours and the unit oper-
ates at 80 percent efficiency, the unit will
have to expend 75 man-hours to complete
the task.

Standard Effort/Efficiency = Troop Effort

Step 8. Project duration. Divide the total
effort by the crew size to obtain the dura-
tion. The crew must be capable of operat-
ing at the efficiency used in the estimate.

If not, the efficiency factor must be read-
justed, changing the troop effort and affect-
ing the duration.

Troop Effort/Crew Size = Duration

Activity Estimates
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WORK-SHEET ESTIMATES

Figure 3-1 shows a sample format for esti-
mating work sheets based on the guidance
given In this chapter. While the format
shown is not standard, it can be helpful as
a guideline for estimating material, man-
hours, and equipment. The situation

shown requires the excavation of a rectangu-
lar ditch 60 feet long, 3 feet wide, and 4
feet deep. The work is to be done by hand;
construction troops are in good condition,
operating at 90 percent efficiency.

PROJECT:

ACTIVITY ESTIMATE SWEEY

ACTIVITY DESCRIPTION: §XCAVATE TRENCH BY HAND, NO SHORING INCLUDED

MATERIAL COMPUTATIONS

QUANTITY WASTE TOT QUANY REMARKS

MEDIUM EARTH

0’
4

N—

Y

6o'x 34 X gk, = 20cv = 26.7 cusic Yar0S

26.7 N/A 26.7 ~ 27 CY

EQUIPMENT—MANPOWER

COMPONENT TECHNOLOGY QUaANTITY

WORK RATE

STD EFFORY] EFF [TRP EFFORTICREW ouR AEMARKS

KICAVATE TRENCH |USE GENERAL LABOR

WITH HAND TOOLS 27¢Y

175 Yoy

47.3 MW |90%|525 M4 1 4 |13.2H4 IwoRK RATE FR

UNIT RECORDS

CFE Zpursh
EFF BEDUCED

|For MicH

TEMP (90°)

EQUIPMENT

SKILLS OPERATORS EQUIPMENT
Supervisors Truck Trucks
Carpenters Dozrer Dozers

Plumbers Scrapers

Graders

Cranes

Miners

Rollers

Scraper
Grader
Crane
Miner
Roller

Electricians
General Labor
Masons
Painters

NERENN

RN

Figure 3-i. Estimaie sheet

OPTIMUM LUMBER LENGTH CALCULATIONS

Lumber is ordered by standard commercial
lengths. The lengths available in engineer
depots range from 8 to 20 feet, in 2-foot in-
crements. Alwag/s tr%/ to order the shorter 8-
foot, 10-foot, and 12-foot standard lengths
most commonly used in the military.

Length calculation. In many parts of a TO
building, it is obvious what commercial

Activity Estimates

lengths should be ordered. For example, if
the joists and girders are 10 feet, 0 inches
long, 10-foot commercial lengths are obvi-
ously needed. There are places in the build-
ing, however, where it is not quite as evi-
dent what length should be ordered. The
manager must then calculate the most eco-
nomical standard length for the least waste.
The procedure for this is as follows:
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» Number pieces/standard length.

8 feet = 96 inches --- 96/27 = 3+
10 feet = 120 inches --- 120/27 = 4+
12 feet = 144 inches --- 144/27 = 5+

« Number pieces/standard lengths.Calcu-
late the number of pieces per standard
length for each of the three standard
lengths (8, 10, 12). If this number is not
an integer, round down.

no. pleces _ one standard length (in)
standard length ~ length of one plece (in)

» Number standard lengths required. Find
the number of standard lengths re-
quired for each of the three alternatives.
If this number is not an integer, round
up.

no. of standard lengths =

Thus, from each 96-inch length, we could
get 3 pieces; from each 120-inch length, 4
pieces; and from each 144-inch length, 5
pieces.

» Number standard lengths required.
8 feet--- 50/3 = 16+

10 feet --- 50/4 = 12+
12 feet --- 50/5 = 10

no. of plecesrequired
no. pleces per standard length

« Total linear feet required. Calculate the - Total linear feet required.

total linear feet required for each of the )

three standard lengths and use the 8 feet --- 17 x 8 feet = 136 linear feet

least. 10 feet --- 13 x 10 feet = 130 linear feet

linear feet = 12 feet --- 10 x 12 feet = 120 linear feet

one standard length (ft) x number of standard lengths Clearly, 12-foot standard lengths result in
the minimum amount of lumber required,
and 10 of these 12-foot lengths should be
ordered.

Sample problem. 50 pieces of 2- by 4-inch
lumber, 27 inches long, are required. Find
the most economical length and the number
of pieces to be ordered. There are three
standard lengths which can be ordered:
8-foot, 10-foot, or 12-foot. The following
analysis examines each:
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EFFICIENT SITE LAYOUT

CHAPTER 4

PRINCIPLES

IMPORTANCE

Site layout is the arrangement of the facili-
ties and personnel required to carry out a
project. It is one of the most important
phases of construction engineering. The ob-
jective is to plan the physical arrangement
of the site so that the construction process
is carried out as efficiently as possible.
This means minimum movement of materi-
als, equipment, and personnel, and mini-
mum processing time for any individual
item.

This chapter presents three approaches to
the site layout --systems analysis, time-mo-
tion studies, and methods engineering. The
three approaches can be used separately or
in combinations to gain efficiency in the
site arrangement of any construction pro-
ject. However, site layout analysis is essen-
tial for batch plants, quarries, borrow pits,
prefabrication yards, and materials han-
dling areas.

RESPONSIBILITIES

By custom, the first-line supervisor is re-
sponsible for efficient site layout. However,
this supervisor is often too involved in the
day-to-day operation of the project to be
able to step back and look at the overall ar-
rangement of the site. Also, the supervisor
may have a routine way of doing a job
which may not be the most efficient for a
particular construction environment. Battal-
lon and company operations officers are in
the best position to provide site layout
analysis for construction projects under

Efficient Site Layout

their control. This analysis should be made
available to the construction unit both in
the project planning phase and during con-
struction.

INFLUENCING FACTORS

Many factors will influence site layout.
Four important considerations are: re-
quired facilities, topography, project size,
and construction aids.

Required facilities. The manager should
make a list of all facilities necessary to sup-
port the work site. This list should include
In-place equipment, storage areas, mainte-
nance areas, motor pools, first-aid stations,
latrines, dininifacillties, water points, billet-
ing areas, work areas, control centers, and
security positions. Since the effort required
to plan and construct the site must be de-
ducted from the total construction effort,
the site should be the absolute minimum re-
quired for efficiency.

Topography. Two identical construction
projects may have entirely different physical
configurations because of differing topog-
raphical conditions. The manager must in-
corporate the eight site factors listed in
into any site layout analysis.

The following examples show how site fac-
tors influence site layout:

Existing facilities. Existing facilities, such

as utility lines or buildings, may determine
the location of critical items.
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Terrain. Terrain will be a major factor in
the layout of horizontal construction. If pos-
sible, locate borrow pits and quarries so
that the grade favors the load (empty, going
uphill; full, going downhill).

Drainage. Drainage is a crucial element in
any layout. Design the site so that normal
runoff will not halt construction or transpor-
tation. Providing adequate drainage may in-
volve considerable construction effort. The
supervisor must decide at what point the
cost of additional drainage structures be-
comes greater than the risk of flooding.

Project size. The site for construction of
one TO building will look very different
from the site for construction of 50 build-
ings. The larger the job, the greater the op-
portunity to take advantage of specializa-
tion. The longer the construction unit
plans to remain on a project site, the
greater the initial effort in preparing the
site. For example, it would not be economi-
cal to upgrade a haul road to a borrow pit
to be used for only a few days. However, it
would be economical if this pit is to be
used for several weeks. The construction
site is generally not included in the plans
and specifications of the project.

Construction aids. Any device or appara-
tus installed to facilitate construction is a
construction aid. Loading traps and jigs or
templates for timber or steel fabrication are
typical. To be practical, a construction aid
must save more time than is required to es-
tablish and remove it. For example, sup-
pose a troop camp is being built using
standard TO construction and involving the
fabrication of 2,180 identical roof trusses.
A decision must be reached as to how the
truss will be made -- prefabricated at a cen-
tral mill or cut and assembled individually
at each building. Each truss will take an
estimated 1.5 man-hours to build at a cen-
tral mill and 1.0 man-hours to build indi-
vidually at the building site. The time
saved Is 2,180 x 0.5, or 1,090 man-hours.
If fewer than 1,090 man-hours are needed
to set up and dismantle the central truss-
fabricating mill, its construction is justified.
If more hours are required, its construction
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is not justified. An aid that is efficient on
onhe job is not necessarily efficient on an-
other.

PREFABRICATION

Modern prefabrication techniques may have
several advantages over on-site construc-
tion: factory assembI?/, interchangeability
of components, and labor savings. Some
prefabrication is used in most construction.
It ranges from the use of precut structural
Ea_rts_and fastenings to off-site assembly of

uilding sections. "How much prefabrication
Is practical depends upon several factors.
The manager must consider site conven-
ience, climate, centralized management,
scale and physical nature of the project,
and program flexibility. Within each of
these areas, however, there are variations.
For that reason, labor savings and esti-
mates of other advantages of prefabrication
cannot be precisely calculated. However, the
estimator should have a good under-
standing of the advantages of prefabrication
in order to decide when its use would be
practical.

Factory assembly. Working in factories re-
duces loss of time due to bad weather and
other physical hazards. Quality control is
easier through the use of more complex ma-
chinery and concentrated facilities. Storage
security allows greater quantities of materi-
als to be ordered and assembled in lots.
Working conditions are usually better than
those in the field and the resulting morale
may increase efficiency.

Disadvantages of factory assembly are the
need to construct the factory and any diffi-
culty in making last-minute changes at the
construction site. Also, transportation
costs are doubled if raw materials must
travel to a distant factory before they are
ready for the construction site.

Component interchangeability. With inter-
changeable components, many types of
structures can be built from the same com-
ponents, but design flexibility is limited.
Structural components may be either precut
pieces, frames, sheathed panels, or finished

Efficient Site Layout
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building sections. Partial assemblies may
be stored for future needs. Larger parts re-
duce fitting errors at the site and simplify
scheduling, since fewer steps are involved

in final construction. However, savings may
be offset by greater difficulty in joining sec-
tions and higher transportation costs for
these fragile units. Interchangeability re-
quires modular coordination, and it often re-
quires greater skill to assure precision in
subsequent fitting.

Labor savings. The major reasons for pre-
fabricated construction are reduced con-
struction time and use of ?eneral instead of
skilled labor. Designs involving platform
construction, panel, and/or modular compo-

FM 5-412

nents allow for maximum utilization of pre-
fabrication. Establishing a prefabrication
yard requires highly skilled personnel and
may involve several days of effort, but effi-
cient layout and organization of personnel
will offset this work. Laying out the yard
to minimize the distances that materials
have to be carried will have a tremendous
effect on the duration of the project. Once
into the prefabrication process, most of the
work can be accomplished by general labor
or local personnel. The degree of substitu-
tion is dependent on breaking the operation
down into simple and repetitive motions,
At the building site, the use of prefabri-
cated components will also greatly reduce
the effort involved in erection.

METHODS

SYSTEMS ANALYSIS

The first approach which could be used in
a layout problem is the systems analysis

approach. This method consists of the fol-
lowing steps (see Table 4-1 for the systems
analysis work sheet):

Table 4-1. Systems analysis work sheet

Industrial Site Configuration
Weight Evaluation
Design Factor (1 to 10) (-5 to +5) Score
Traffic flow 8 -2 -16
Earthwork required 7 1 -7
Wind effects 4 +2 +8
Drainage i0 +5 +50
Maintenance accessibility 6 +4 +24
Product accessibility 9 +2 +18
Headwalls required 3 3 -9
Materials handling 6 -2 -12
Stockpile areas 5 0 0
Generator location 2 1 -2
Conveyors required 7 +1 +7
(+) Subtotal +107
(-) Subtotal - 46
Total 61

Efficient Site Layout
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Step 1. List the design factors to be consid-
ered for the layout. Assign a weight to

each factor depending on its importance to
the project.

Step 2. Obtain a large-scale map of the
site (1: 1,000 or larger). It should show con-
tours, natural resources, and existing facili-
ties.

Step 3. List the facilities required for the
project. For each facility, make a cutout to
the same scale as the map.

Step 4. Place the cutouts on the map in
several different feasible configurations.
There is no set number of arrangements
which must be considered, but taking three
to five arrangements to start is a good rule
of thumb.

Step 5. For each configuration, assign a
number evaluation for each design factor
based on the configuration’s relative
strengths and weaknesses. For example,
one configuration may be best for drainage
(+5 on the scale in , page 4-3),
but weak on traffic flow (-2). Another con-
figuration may have opposite ratings.

Step 6. Multiply factor weights by the
evaluations and sum scores for each con-
figuration. Using the configuration with the
highest total, try to improve the total by
making minor location changes.

This systems analysis approach does not
eliminate engineering judgment. Listing
and Welghlng design factors require experi-
ence and engineering skill, as does the
evaluation of the various site configura-
tions. However, systems analysis does pro-
vide a framework for discussion. Using sys-
tems analysis, site layout analﬁ/sts can at
least agree on the points on which they dis-
agreed. Systems analysis allows the plan-
ner to focus on specific problem areas, to
gather more data if necessary, and finally,
to make a decision based on analysis rather
than on intuition.
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TIME-MOTION STUDIES

Once a project is under way, one of the most
valuable pieces of equipment to the site lay-
out analyst is the stopwatch. For any repeti-
tive process, the analyst asks the question,
“Can it be done better?” Thus, time-motion
improvements increase efficiency by saving
time and effort. Time-motion studies are
easy to do, although it takes ingenuity to see
changes which would improve routine proc-
esses.

First, the analyst finds a job that is being
done over and over again. This could be a
crane shovel operation, a haul, a paving op-
eration, the assembly of a wall panel, or a
standard maintenance procedure. Then, the
analyst times the job, noting lost time due to
delays of excessive movements from one
place to another. Finally, the analyst sug-
gests ways to eliminate delays or excess move-
ments, and then retirees the new procedure.

Time-motion studies can result in increased
efficiency through such specific improve-
ments as reducing the swing angle of a crane
shovel, eliminating the backing up of dump
trucks, coordinating the pusher-dozer with
the scraEer, coordinating one apprentice with
several bricklayers, and rearranging storage
areas to reduce average movement distances.

METHODS ENGINEERING

Methods engineering enables the planner to
make a step-by-step approach, analyzing and
recording every detail involved. At the same
time, the planner is able to sketch a layout
plan that incorporates and conforms to the
process as it is developed. When it is time to
place this plan into operation, the person
charged with setting up the site will know ex-
actly what to do. Furthermore, after the op-
eration is under way, the entire process
should be analyzed in detail to determine
whether further refinements can be made.

Charts and diagrams. Three charts or dia-
grams have been developed which simplify
the planning process. They are commonly
called flow diagrams, flow process charts,
and layout plans, each designed for a

Efficient Site Layout
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specific purpose. The flow diagram enables
the planner to plot the flow of materials
through the site. On the flow process
chart, the planner details the processing of
each type of material, indicating what takes
place, the time required, and how far the
material must be moved. The machines
used are each considered in the same way
as the workers. The layout plan shows the
placement of equipment and materials to do
a particular job.

Standard symbols. Standard symbols, ap-
proved by the American Society of Mechani-
cal Engineers (ASME), are used to identify
what is to occur in each step of a process
(Figure 4-1). These steps are operations,
transportation, inspections, delays, and stor-
age. Identifyin? process steps in this man-
ner helps theJ:) anner determine unneces-
si';\ry steps and physical changes in materi-
als.

FLOW DIAGRAM - THE FIRST STEP

The flow diagram follows the flow of materi-
als through a sequence of operations. It
helps the planner visualize and analyze the

FM 5-412

lanner deter-

overall project. First, the_lo _
mines the operational details of the cJob by

considering the major steps required to
process the various materials into the fin-
Ished product. The objective is to deter-
mine an overall processing system with the
least number of major steps, delays, and
movements of material. This is the purpose
of the flow dia%ram. When completed, the
diagram will show the flow of materials
through the plant as they are processed
into the finished product.

Preparation. In preparing this diagram,
the planner first lists all the major steps in
successive order down the left side of the
form. Next, the planner details what takes
place by drawing the aﬁpropriate symbols
(Figure 4-1) within each major step and
It_hen connecting all symbols by a single flow
ine.

Examples.

Flow diagram using one saw. [Figure 4-2,
page 4-6, shows a complete flow diagram in
which only one power saw is used for cut-
ting the members needed to fabricate the
truss shown in Figure 4-3, page 4-7. The

the shape of the
materia

Movement of
materlal from
one place to

O
o
>

Definition Symbol  Utilization Example

"Do" operations Cutting wood

or main steps Operation digging a ditc|

in a proces P ’ grg,gos |onintgl;
a

An operation

which changes Operation

Transportation

another

garalrf‘lte"syquallty, Inspection Icl:pzckh;g a center
\ llne or tésting

or approval equipment

Delay, awalting

completion of ™ Delay Awaltin

an Iﬁterrelnat:d U Awaiting use

Job

Keep v Storage Materlal In storage

Making a cut
boardg cutina

Carrylng a truss
or a‘un

Efficient Site Layout
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Tail cut
\ 1. Rafter 3. Web
< y Plv.tlmb r N
Seat'/ cu
cut
2. Lower chord 4. Hanger
(<l 1 (& J
. Rafter tie
5.R 8. Lower chord splice
() —3
item Pieces Length Common  Pieces Saw
no. Member truss in place Size length length setups
1 Rafter 2 10°-11~ 2"x 4" 12 1 2
2 Lower chord 2 10°- O~ 1" x 6" 10’ 1 2
3 Web 2 5- 5" 2"x 4" 12 2 2
4 Hanger 1 4'- 4%"  2"x 6" 14 3 2
5 Rafter tie 1 1'- 6" 1" x 8" 12’ 8 2
6 Lower chord splice 1 2'- 6" 2" x 6" 10° 4 1
Figure 4-3. Roof truss

material must be stacked to one side until a
predetermined number have been cut. Then
the angle of the saw blade must be adjusted
to make the seat cut. A careful study of the
various cuts that must be made for each
member of the truss will show that all mem-
bers except the lower chord splice require
two separate saw setups to make the neces-
sary cuts at the angles required. It is obvi-
ous that one saw is not adequate, and a bet-
ter method must be found.

Flow diagram usin? two saws. Placing two
power saws in the flow diagram (Figure 4-4,
page 4-8) is.a more workable solution. In
comparing and -4, notice that
the operations, storage and delays, and

transportation have each been reduced in
number Also notice that neither of these

Efficient Site Layout

flow diagrams indicates how far the move-
ments are, how long it takes for each step,
or how many workers are required to per-
form the various steps. This information is
given on the flow process chart.

FLOW PROCESS CHART - THE SECOND
STEP

Use the flow process chart to analyze the de-
tails of the operation. As the second step,
the chart is a tabulation of the chronologi-
cal sequence of the detai each process
in the flow diagram (first step, page 4-5).

In addition, the flow process chart includes
the time needed to accomplish each detail
and the distances that materials are trans-
ported.
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PROJECT MANAGEMENT

Preparation. A flow process chart, Depart-
ment of Defense (DD) Form 1723, provides
a standard for process charting. The proc-
ess of cutting rafters (Figure 4-5, page 4-
10), using_two saws and based on the flow
diagram (Figure 4-4), will serve as an exam-

ple.

NOTE: If DD Form 1723 is not available,
use a blank sheet and follow the format

shown in[Figure 4-5,

Complete the data in the upper left corner
on the form, being specific in regard to the
identification of the process to be charted,
the person or material being traced through
the process, and the places or times that
the process begins and ends.

List each detail of the process in brief narra-
tive form in the left column (details of
method) on the chart. This listing is devel-
oped from the flow, and details should be
plotted in the sequence plotted therein.

In the column of_s%/mbols, trace the process
by connecting, with a penciled line, the sym-
bols which are appropriate to each step.

Enter in the distance column, where appro-
priate, how far the item will be moved.

In the quantity column, show the number
of items being processed during each par-
ticular detail.

Opposite each detail in the time column, en-
ter how long each step should take; the
time factor should be stated under the
notes column.

Enter the total number of actions included
by each type of activity in the summary box
in the upper right corner of the form.

NOTE: Use the flow process chart to detail
either the movement of materials or the
movement of workers through a process sys-
tem. Do not detail the movements of both
on the same form because it will confuse
the user.

Analysis. Other columns are for analysis
when reviewing the process. Study each
step in detail. Is it possible to eliminate or

Efficient Site Layout
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combine certain details? Can distances and
times be further reduced? Should se-
guences be changed? Can some operations
be simplified? Who does the work? Who
could do it better? Can changes be made
to permit a person with less training and
skill or more efficient machines to do the
work? Where is the work done? Could it
be done somewhere else more economically?
When is the work to be done? Would it be
better to do it at some other time? How is
the work to be done? This suggests alter-
nate possible machine methods or the use
of machines instead of hand labor.

Inefficient methods. Such an analysis will
show any unnecessary handling, excessive
movements of materials, duplication of ef-
fort, excessive number of steps taken, num-
ber and kind of delays, labor inefficiencies,
and so on. These are only part of the possi-
ble questions to ask about each recorded
step in the operation in order to try to re-
duce the steps to a minimum and arrive at
the simplest “paper picture” of the method.
The more guestions asked, the more a ques-
tioning and critical attitude toward work
methods is developed.

Solutions. As the manager develops the

best method of processing each member of
the truss, site layout requirements may be
analyzed in greater detail. The location of
material stacks, equipment, parts storage,
and assembly areas must be plotted and dis-
tances computed at the same time the man-
ager develops the process charts.

Control factor. The end result of process
charting is the calculation of the production
rate for the given process. In general, the
steps which cannot be accomplished concur-
rently control the time it takes to perform a
process. In other words, they establish the
control factor.

Establishment. To determine the control fac-
tor, first list all operations and the time re-
quired for each. Second, determine those
which are performed concurrently. The re-
maining operations (those which cannot be
accomplished concurrently) establish the
control factor.
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12 Rafter in storage.

NUMBER PAGE NO. NO. OF PAGES
FLOW PROCESS CHART 1.0.0000 1 1
PROCESS SUMMARY
Cutting Rafters ACTIONS PRESENT PROPOSED | DIFFERENCE
C uanof Y] ATERIAL NO. | TIME | %0. } TIME | NO. | TiME
(O OPERATIONS 8!8
CHART BEGINS CHARY ENDS __O TRANSPORTATIONS 1115
At Lumber Storage At Parts Storage [ NsPECTIONS ol o
CHARTED 8Y DATE D DElAYS ol o
CPT Behring 2 July WV STORAGES 1
ORGANIZATION DISTANCE TRAVELLED
477th Engr Const Bn {Feet) 56 ft
= ANALYSIS ARALYSIS
£z 8 - =l WHY?
"3 PRESENT = & S5z golzl s LT uoTSS =l 11X
DEAUSOF == | ooocep  METHOD £S5 s HEEHE ..ig-g-g BRI
S s 4 3 d =;;- a
o S QODY
i Remove lumber from storage ==y 1 k}
2 Transport to saw table O EJ[)<7 18]1 5
U pp— L~
3 Position for plumb cut WDV 2 )
4 Make plumb cut DD Dv 1 2
s Position for tail cut DDDV 1 2
¢ Make tail cut DDDV 1 2
7 Trans to 2d saw ?}DDV 141 4 With 2 saws
¢ Position for seat cu *DDV i 2 Control factor is
g Make seat cut oaov 12 \ reduced from
10 On conveyor belt to storage QOLIDV] 2411 6 \ 12 sec to 8 sec
11 Remove fr convey stack C)[][)§7 1 3 \\ because operations

O
O
0

13

run concurrently.

14

O O
O 0
a o
Q O
14

15

ﬁ?roduction Rate =

TenY ' a\wi
OOUDV

16

i rafter each

ooapv

8 sec or

oDV

16 sec/truss unit.

eluinv)

Assume 70% eff

Sl=Binv

work hour 50 min

OoUDV

12
i0

60 x 50 x .70 2100

————

lb

ooV

131 Truss units/hr

Figure 4-5. Fiow process chart, cutting rafters
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Example. In there are eight opera-

tions (details T, rough 6, 8, 9, and 11) re-
quiring a total of 18 seconds. Four opera-
tions g%letails 1, 8,9, and 11) can be accom-
plished concurrently. Hence, details 3
through 6 are the only operations which can-
not be accomplished concurrently. The ana-
lyst circles the time required for these opera-
tions on the flow process chart and estab-
lishes the control factor as 8 seconds per
unit. This data is entered in the column un-
der notes, and the production r-
lated as shown. In addition to Figure 4-5,
igures 4-6| through [4-10, pages 4-12
through 4-16, show the plotting of the control
factor and the resulting calculations of the
production rate for each member of the truss
(Eigure 4-3, page 4-7).

NOTE: In some flow process charts, more
than one series of operations may be taken
as the control factor. For example, in %
ure 4-8, steps 3 and 4 could be used as the
control factor instead of steps 6 and 7 (en-
circled). None of the steps selected as the
control factor can be those taking place con-
i:urrgntly, regardless of the sequence se-
ected.

PROPORTIONING
In the flow process charts (sample work
sheets in through[4-10), except

for webs and hangers, the cutting rate
(based on a 50-minute hour) varies for each
member unit. To achieve balanced produc-
tion of the several parts making up the fi-
nal product (the truss), analyze the produc-
tion rate of each part and establish the pro-
portionate cutting time which, when allotted
to each member, will result in a balanced
production.

Production rate analysis.[Table 4-2, page

4-17, shows such an analysis for balanced
production of the member units required for
4,000 trusses. Since the cutting rates are
based on the flow process charts for each
member unit, the numbers in the cutting
rate column (column C) remain constant.
Likewise, the cutting ratios (column E) will
remain constant for each member, no mat-
ter how many truss units are to be built.

Efficient Site Layout
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Balanced production. Balanced produc-
tion for any period of time can be deter-
mined from as follows:
Example 1. How many rafter units should
be produced to balance production for truss
units in six 50-minute hours?
Step 1. Determine the number of produc-
tion hours to be allotted for cuttin
The cutting period ratio (column E,
[2) is 0.352. Therefore--

0.352 X 6 =2.112
Step 2. Determine the number of rafters to
be cut. The cutting rate per 50-minute pe-
riod (column C, [Table 4-5) = 131.

131 x 2.112 = 277 rafter units
Check --

6 X 46.1 = 277 truss units

0.6 x 461 = 277 truss units

Example 2. With a crew of nine workers,
how many man-hours are required for cut-
ting the 277 rafter units computed in
example 1 ?

number of
50-minute

Man-hours = Cutting period ratio x _periods___ X6
5

X crew size

= 0.352 x [g X 6:| X 9 = 22.8 man-hours

SITE LAYOUT - THE THIRD STEP

Once the components of the plant have
been at least tentatively selected, prepare a
layout to show the location of the various
construction aids.

Principles. While each job has its own
characteristic problems and Plant require-
ments, principles which apply to all jobs in-
clude the following:

+ Ensure that the layout of the site is bal-
anced. Select equipment which can be

4-11
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10 Chord in storage

FI_OW PROCESS CHART NUMBER PAGE NO. NO. OF PAGES
J.0.000 1 |
PROCESS SUMMARY
Cuttin& Lower Chords ACTIONS PRESENT PROPOSED | DIFFERENCE
COuan0r [ 7 mATERIAL no. | nme | mo. | Time | wo. | nime
(O OPERATIONS 6 14
CHART BECINS [CHART ENDS D IRANSPORTATIONS 31 16
Lumber Storage Parts Storage [ insPECTIONS 0 0
CHARTED BY DATE D DELAYS 0 0
CPT Behring 2 July 7 STORAGES -
ORGANIZATION DISTANCE TRAVELLED 62 f
477th Engr Const Bn (Foot) t
-4 ANALYSIS ANALYSIS |
z = -1 ) 5 = why? CHNGE .
O Present SEcssless| 8 0L =
DEISOF == pponociy  METHOD R HHEEHE %I:ISE NOTES SEli=(2
S = = wila > U; = a|s
= a ==
1 Remove from lumber storage DD Dv 1
2 Trans to saw table O DDV 18] 1] 5
3 Position for lst cut i 2
4 Make 1st cut [ 1| 2
5 Trans to 2d saw 141 1] &
-
¢ Position for 2d cut ol 2 \
7 Make 2d cut | 1y 2 With 2 saws
- Swm
g On conveyor to parts storage 3001 )7 ‘FContro'l factor =
9 Remove fr convey, stack 113 4 seconds per

Chord or 8 sec/

12

13

ooV Truss unit
ooV Eff. 70%
ooOdv Working hour 50 min
OBy 60 x sg x .70 _
Stali A
ooabv per hour
oDV

ol=minvs

Sl~ninv,

oodbv

oDV

Figure 4-6. Flow process chart, cutting lower chords
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NUNBER PAGE NO. 0. OF PAGES |
FLOW PROCESS CHART J.0.XX0KK 1 1
PROCESS SUNMARY
Cutting Webs ACTIONS PRESENT PROPOSED | DIFFERENCE
T MANOR  [TY] MATERIAL NO. | TIME | NO. | TIME | NO. | TimE
O orerations 3 5
CHART BEGINS CHARY ENDS D TRANSPORTATIONS 3 18
At Lumber Stack Parts Storage [ srections o o
CHARTED BY [oate D dewars 0 0
CPT Behring | 2 July U STORAGES T
ORGANIZATION DISTANCE TRAVELLED
477cth Engr Const Bn (Feet) 168 ft
z ANALYSIS ANALYSIS
- o whY?
PRESERT z&5 %38z ]
OETALSOF =) rrorosep  METHOO § A EEIE g 2 jﬁéFlSE nores H 2
E= = wia & HEH So Sals
E e | Time in seconds. R =
1 12" length 2"x4" fr stack 113 Two webs can be cut
2 Transport to lst saw 117 from one piece. In
1 Pogition for lst cut 112 the first four
4+ Make first cut 112 steps until the first
Couple resulting
5 2 pcs & trans to 2d saw 214 cut is made treat as
o
¢ Position for 2d cut 2l 3 n single plece. After
7 Make 2d cut 21| 2 lst cut, handle the
Place on conveyor &
8§ trans to storage* 217 two half sections to-
9 Remove fr conveyor & stack 2]3 \\ gether and make 2d
i¢ Webs in storage \\ cut on these at
1" \ same time,
12 \\Eff. 70% wk hr 50 min
13 control factor S5 sec
| ODDDV 60 x 5(; x .70 420
" ooV truss units per hr,
. o]=u]nv/
@Y ImI»\V4
17 __ *Distances to storage [~ UV
18 for bs are 9 ft ODDDV
19 and 45 ft. Average OOG Dv
0 would be 27 ft. ooV
. ol=invs
Figure 4-7. Fiow process chari, cuiting webs
Efficient Site Layout 4-13
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NUMBER Jeace wo. NO. OF PAGES
FLOW PROCESS CHART J.0.000 1 1
PROCESS SUMMARY
Cutting Hangers ACTIONS PRESENT PROPOSED | DIFFERENCE
T MANOR X} MATERIAL NO. | TIME | NO. | TIME | wO. | TimE
() OPERATIONS 10| 31
CHART BEGINS CHART ENDS D> THANSPORTATIONS 3] 16
Lumber Storage Parts Storage [)_INSPECTIONS 0] O
CHARTED BY DATE D DELAYS 1] 0
CPT Behring 2 July ¥ STORAGES
ORGANIZATION DISTANCE TRAVELLED 59 ft
477th Engr Const Bn (Feet)
s ANALYSIS ANALYSIS
§§§,33_§ WHY? | Jcunee]
oetausor == TRSIE werwoo g:s: £ 32 §§ z| g ,gégl.éh NOTES 2 ig
° § = s | EZ®= Time in seconds. =

a
o
<

1 Remove length fr storage 3 Like the web, one

2 Trans to saw table 150115 length is sufficient

3 Position for lst st cut

O\
—Co)\o/g
0 0
o O
J <

for 3 pcs. The lst

4 Make first cut & 2d cut made on the

s Position for 2d st cut first saw gives three

¢ Make 2d cut pcs. The three

; Trans 3 pes to 2d saw AR IDAVE BT | pcs are then placed
Position stack of 3 pcs for
3 1st cut fDDv K together on the

)_
999
1 44 <

'S
w
©~

9 Make first cut DDDV 33 second saw. The first

Turn 3 pcs over and
10 position for 2d cut

DDDV 3 5 kut is made on the

1 Make 2d cut x?DDv 3§ 3 Istack, stack is
123 Pcs on conveyor to storage* ®; DDV gl; a \

3§ 713 urned and second
13 Remove fr conveyor & stack @Vﬁi 3|3 but made. This opn
i Hangers in storage ODD \Nresults in 3 hangers,
15 ODDDV [Control factor = —l%
16___*Distances to storage ooubv | or sec/truss unit.
17 for hangers are 24 ft Oo0DV Eff. 702 wk hr 50 min
18 and 36 ft. Average oodDpv production rate
19 would be 30 ft, oDV 'eg-x—ng = 420
n ©I=ININ\V4 Truss units/hr.
. ol=in]nv
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NUMBER PAGE NO. NO. Of PAGES
FLOW PROCESS CHART 1.0.0000 1 1
PROCESS SUMMARY
Cutting Rafter Ties ACTIONS PRESENT PROPOSED | DIFFERENCE
Tl wanor X MATERIAL NO. | TIME | NO. | TIME | NO. | TIME
() OPERATIONS 1s | 77
CHART BEGINS CHART ENDS D TRANSPORTATIONS s1 21
Lumber Storage Parts Storage {3 INSPECTIONS ol -
CHARTED 8Y DATE D Dpeways 0] 10
CPT Behring 2 July T STORAGES 1] -
ORGANIZATION DISTANCE TRAVELLED
477th Engr Const Bn (Foot) 53 ft
8 ANALYSIS ANALYSIS
£z 8 - 21y WHY? cHmGE|
C0 PResent AR EEH IS NoTES =
DETMLSOF = pool s METHOD §§ SERLE §, 2 lokish -g
_ = - = &[®=|Time in seconds. <~
Remove stock from
! lumber storage Each length provides
2 Transport to lst saw 7 _pcs. As each
Position 6 times &
3 make 6 cuts length 1is cut all but
Trans 7 pcs to &
4 stack at 2d saw two pcs are delayed
Remove 2 pcs from stack
5 and position for lst cut while two pieces
¢ Make Ist cut are cut on the
Turn 2 pcs over and position
7 for 2d cut 2d saw. Inso-
¢ Make 2d cut rnuch as two pileces
’Posill:;c;nc::o more pcs Lre cut at a time,
10 Make lst cut calculation will be
Turn 2 pcs over and
11 position for 2d cut based on cutting 6
12 Make 2d cut pcs. The last cycle
Position two more pcs
13 for lst cut will cut only 4
Make lst cut pcs.
Tur nd ici
15 fzrnzgvz:ta position &Control Factor
P
1§Make 2d cut = =7 secs/truss
Last 2 pcs on conveyor*
17to storage E