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CHAPTER 1

INTRODU

TON

The Washington State Department of Transertatiou (also referred to as the Department of

Transportation, WSDOT, and DOT) is a governmental

multimodal transportation system which meets the soci

agency that has been mandated to "provide a

3] and economic needs of the state.”! To fulfill

the mandate, the Department must design, construct and maintain various facilities statewide, such as

roadways and alternate transportation modes. One of 4

the construction section.

he larger components within the Department is

The Department's construction section must pversee the building of new facilities and the

replacement of older facilities to the best known standards and specifications. The responsibility for

maintaining these standards in construction lies in the n:tz-sitc inspection of the various projects. These

on-site inspections are handled through small units of

(also called project offices and figld offices).

e Department called construction field offices

Headed by a Project Engineer, cach construction field office is responsible for ensuring that

the contractors properly construct departmentally desil

gned projects within a district. All aspects of

construction management, including finances (to a cetthin degree), inspection, testing and records are

included within this office. The Project Engineer is responsible for his office's program management.

As part of this, he must be able to balance all of the pr

ojects assigned to him with all of the resources

given him in a cost-effective and timely manner. This includes being able to keep all of his staff busy at

slow times and to spread work appropriately at busy times, while ensuring that the projects are

completed with as few problems as possible. To do

personnel scheduling.

STATEMENT OF THE PROBLEM

this, he must undertake what can be termed

Staff at WSDOT headquarters level are concerned with funding, overall personnel levels and

general project initiation and management. Al this level, personnel management includes

I"Managt:rs Set Strategic Objectives,” Interchange,
Transportation, Septcmber 1987, page 2.

Washington State Department of

PERSNL.REP



. setting goals for total numbgrs of full-time employees within cach district, and
. creating a way to estimate the number of personnel needed on a contract based on

items of work and total estimated time for completion.

The Department, as part of its personnel management, has been encouraging the construction

field offices to perceive the management of their offices in a similar fashion. Because the Department

has been placing emphasis in recent years ¢n developing a "team” way of thinking, the priority for
construction ficld officcs has become more cffective and efficient project management;

For scvcral years, one of our highest stated training nceds has been project

management for Project Engineers and assistants. . . | [One] of our most critical areas

is the management of manpower, money, and time, and the *firing line," so to speak, is

out there in the Project Engineer's office. . . . [W]e are not as efficient as we could be

"out there™. . . . Somchow, we've got to give them [the lower and middle managers)

the tools to work the problem in the ficld where it is. [Schuster IDC, 1-12-79]

The tools that have been developed|since 1979 for the Project Engineers include a training
program in various management procedurés. Included are courses in officc management and
supervisory methods? As part of the effort, ps well, the Department has invested in microcomputers
and several programs with possibilities for project management, most notably LOTUS 1-2-3 and
Microsoft PROJECT, with training offered in each of these.

Personnel management at the ficld office level remains a significant concern. No uniform
personnel scheduling management system is available to the project offices and methods to manage
personnel as well as schedule controls are lacking. Project engineers need to handle constant schedule
changes generated by contractors, the public, [the Department, employees and others. These changes
involve altering or adjusting personnel schedulks. The methods for managing work loads in these ways,
as well as schedule controls, are lacking.

Frequently, the project office, which is given a great deal of autonomy, develops a method of
dealing with scheduling that resembles crisis management, here called reactive_ management. The

personnel scheduling is handled in immediate reaction to a situation rather than as an anticipated and

planned response. The Project Engineers scem to have come to expect that they have to operate in a

2Washinglon State Department of Transpprtation, T raining Program Study, October 1985. An
assessment of the management training program is found on pages 10-17.




reactive manner. Consequently, an attitude that planning and monitoring personnel usage is uscless

has emerged. This study does not presume that reacy)
altogether, rather that personnel scheduling techniques

construction field office operation.

ive management can or should be eliminated

. can be recommended that will improve the

A study of construction Project Engincers dgne in 1986 {Andreas IDC, March 10, 1986]

discovered that they felt that they were not focused on t

contractors, The study states

he major portion of their job: the work of the

The majority of the Project Engineers agreed with the complaint from the contractors

that "Project Engineers aren't on the job." T]
were: general office administration; too much
too thin.

The Project Engineers identified several items
workload and again the predominant issuc;
scheduling; paperwork and change order proces
A majority of the Project Engineers felt they
The stress was induced by: general officg
inexperienced staff; and personnel managemend
The study indicated that 71 percent of the Proj

by personnel scheduling and organization. Other findin

that they have the authority to manage their resourceg

5 were:
sing.

he predominant reasons give for this
paperwork; too many projects; spread

that contributed most heavily to their
personnel organizing and

operated under a high level of stress.
t management; understaffed and/or

[page 3].

tct Engineers felt their time was most taken up

gs indicated that "Project Engincers do not feel

to get the job done. Essentially, three areas

were identified: policies and external controls; FTE® limitations and hiring and promotions handled by

others than themselves” [page 4]. With such lLimit
Engincers may not perceive that they could do sch

productivity in other areas of their job.

OBJECTIVES OF THE STUDY
This report provides
an understanding of the current state ¢

]

Department of Transportation's const(

FTE stands for full time employee(s).

ations placed on their authority, the Project

eduling in such as way as to enhance their

{ personnel scheduling in the Washington State

uction field offices;




an understanding of the pr

face in personnel scheduling;

an assessment of the methg

preliminary designs of syst

b
=

pblems that the construction field office Project Engineers

Ms used to deal with personnel scheduling; and

ms that could help field office Project Engineers manage

personnel scheduling in a more effective, systematic and less reactive manner.

The problems encountered by field offices will not disappear. Indications are that they will worsen with

simultaneous shortages of funds and deteriorating highways. 1t will be important, therefore, to respond

to these problems in a more effective, cost-cpnscious and timely manner.

Several assumptions have been fol'

focused on the idea that construction field o

mulated for this report. One series of assumption.é is

ices need a personnel scheduling management system. Its

importance is assumed from the study previgusly mentioned that noted that Project Engineers felt they

focused more on "personnel organizing and scheduling” than on "being on the job" where the

contractors are working (i.e., constructiop project management).

scheduling management system is assumed

A more uniform personnel

0 be able to relieve the Project Engineer of some of the

time consuming aspects of personnel scheduling and thus free him to do more direct construction

management. The personnel scheduling management system is presumed to employ two types of

scheduling: planning and operational. These
simultaneously in the field office.

A second premise is that the curren
the construction field office level of the De

management, rather than on a treatment of t

Assumed as part of this is that the reactiv

personnel scheduling management system.

two types of scheduling are also assumed to be operating

t state-of-the-art of personnel scheduling management at

partment of Transportation is based mainly on reactive

he whole system based on forcknowledge and assessment.

£ responsc is one of the root causes for the lack of a

A third assumption is that it is possible to improve procedures and systems for planning and

managing resources (personnel, lime, equ

scheduling changes can be formulated and

jpment and funds) so that an adequate response to

acted on quickly and effectively. The systems designed

would fit into the current Jevels of scheduling found at the Department of Transportation so that the

Project Engineers could adapt one or more

pf them casily into their own methods. Because scveral




levels of scheduling are assumed to exist at DOT, most systems also ought to be upgradable as the

construction field office gradually increases its sophisticgtion in personne! scheduling.

Finally, an improved system is presumed to i

cost overruns. Office morale and communications should be improved through more effective and

nerease productivity and decrease engineering

planned resource allocation. Additionally, potential engincering cost overruns may be recogmized in

advance, affording the opportunity to identify and evaluate alternatives.

BACKGROUND LITERATURE

An extensive search was made into a number gf subjects that were thought to be linked to the

development of a personnel scheduling managemcn

references were found that directly correlated, though ¢

to the overall preparation of this report.
The Department considers the Project Enj

Literature from the project management field, therefo

ideas to the personnel scheduling management systent.

t system for construction field offices. No

ach of the following fields of study contributed

rincers to be, essentially, project managers.
re, was used to contribute project management

Kertzner (1985), for example, has written a

definitive text on most of the aspects of project management that could apply. He defined project

management as getting something (a project) don
performance and technical levels while using resources
include
balancing resources (time, money, cqy
maintaining quality control and monit(
defining projects as work with definitc
. planning as a key to control.

Kertzner also identified five project stages: co
scope), production (or design), operations (or conslt

acceptance). Other areas within project manageme

conflicts that the project manager could encounter, 1

flexible.

L

within a time and budget at the desired

effectively and efficiently. Key elements of this

ipment and personnel),

prings,

start and end dates, and

hception (a problem is identified), definition (or

uction), and divestment (or final records and

nt that were identified include problems and

ind the requircment that project managers be




A specific type of project management is construction management. A body of literature
dealing with construction management was also explored. Two viewpoints om construction
management, onc on the human aspects and|the other on the technical aspects, surfaced. Fryer (1985),

for example, defined management as dealing basically with people first, and spoke of the necessary

ability of the project manager to see the wholc project. Organization, leadership, communication,

decision making, problem solving, change,
key elements of this consideration. Levy (1

of projects that he saw as important to the

sonnci planning and development, health and safety were
7), on the other hand, wrotz about the technical features

oject manager: contracts, legal rights, estimates, contract

awards, change orders, documentation and fety.

Two publications by H. Randolf Thomas dealt with time and schedule performance [1985a)
and contract claims [1985b] in relation to highway construction projects. These two reports focused on

the identification of causes for contractor clajms and how claims situations might be avoided by better

scheduling. The first publication investigated how certain state DOTs determined time limits for

project construction. Focus was specifically
made of construction ficld office personnel
categories of claims and how these claims wej

General scheduling literature was
Frequently, the best known network tools, t
Review Technique)/CPM (Critical Path Met

well covered.

Personnel management Literature w

material was written from the standpoint

[~

project design levels of scheduling, and no mention was

scheduling for inspection. The second report identified

resolved.

more concerned with actual scheduling techniques.

he GANTT charts and PERT (Program Evaluation and

hod) were described in detail, with other methods not so

only superficially helpful. Most personnel management

personnel office information systems and were more

interested in work history and how to deal with employees over the life of their jobs with the company.
Scveral authors dealt with the technicalitics of computerizing personnel systems, but seldom got into
the aspect of personnel scheduling. The onl aspects that remotely impinged on this report were the
suggestions for improving productivity.

The Washington State Department

Transportation has installed microcomputers within the

field offices and has encouraged the usc ¢f various programs for greater productivity. Project




management software, available to the construction field offices, is part of this report. The only place

where extensive review of the over 400 programs available that claim to do project management were
found was contemporary literature in the form of popilar computer magazines found on newsstands.
These reviews helped in understanding what programs #re available and some of their limitations.
Literature covering expert systems and infofmation systems in general was helpful for
background, especially in system design. Expert systemb are usually concerned with fields far removed
from project management, but the research methodology for this report includes reviewing with the
Project Engineers (who could be termed "experts™)| their scheduling techniques, problems and
limitations, and incorporating them into a personnel wotk load scheduling management system. Expert

systems procedures for distilling information were essential to this process. General information

systems literature placed the system design into the cg
pieces of information together into a cohesive whole.

picces of information.

INTENDED READERSHIP

This report is primarily aimed at construction
that the suggested personnel scheduling management sy
applicable to current personnel scheduling problems. T
or implemented, such design and implementation is enc

Washington State Department of Transportat

ntext of databases, which connect all kinds of

Any system design must be able to correlate

field office Project Engineers. It is intended
stem concept in this document be practical and
hough the systems have not been fully designed
puraged.

on headquarters and district staff involved in

personnel planning and scheduling should also benefit from this report, especially since they are

involved with the construction field office’s staffing ley
expected to be relevant for design Project Engincers ag
not specifically addressed.

Another group of readers that may benefit fro
Transportation, Problems encountered in the construct
similar in all states, even though handling the problem:

may be adaptable to these other state transportatiod

el projections in a direct way. This report is

well, though the problems they encounter are

m this report are other states' Departments of
on of highways and transportation facilities are
5 may vary widely. Methods encountered here

agencies, At the very least, the systematic




identification of the problems encountered| in Washington with suggestions for potential solutions

should be helpful.

ORGANIZATION OF THIS REPORT
This report is aimed at developing and describing alternatives to belp construction field offices
within the Department of Transportation manage their personnel. The methodology used to develop

these alternatives and recommendations is diyided into the following chapters:

Ch 2

general model of what personnel scheduling management entails within the

construction field office is described. Included are what a construction field office is
within the Department of Tansportation, project phases in relation to the field office,
the function and organization of the construction field office and personnel scheduling
elements as they concern the field office.

. hapter 3. Summ f Current Field Office Practices. The main focus of this
section is a description of fhe current state of the art in personnel scheduling for
construction field offices. Questionnaires and interviews were used to ask the Project
Engincers to describe their personnel scheduling methods. The material gathered
from these questionnaires |and interviews is presented in tables to illustrate the

current situation,

hapter 4. Analysi

This section uses the mode] of Chapter 2, the data collected in Chapter 3 and the

descriptive information fron] the Project Engineers to assess the personnel scheduling
management systems used |n the construction field offices. Information from the
questionnaires and interviews is used to establish whether the current personnel
scheduling management metF-ods match the model described earlier. Control, or lack
thereof, over the various aspects of scheduling is discussed, as are the frustrations the

Project Engineer encounterd  Examples of existing systems are used to illustrate the

asscssment. Gaps in knowle tige are also noted and analyzed.




Chapter limin } ‘ for a Personnel ling Management
System. In this chapter, a general desdriplion of the system design concept objectives
and requirements for the personnel skhcduling management system are prescnted.

Products (or reports) for planning jand operations as well as the transforming

processes required to produce the repdj-ls are described.

Chapter 6. System mw@ Using the requirements established in
Chapter 5, three alternative approa#ms to system design with varying levels of
complexity are proposed, both manual Epnd compulerized. Existing software is used to
help produce some of the systems, /Ls the system designs are described, they are

assessed for how well they attain the gdjals set by the objectives and requirements.

hapter 7. Summ onclusio ngd Recommendations. This chapter
summarizes the study, draws conclusi—'jjus and makes recommendations for personncl
scheduling management within the cm;.struclion ficld offices at the Washington State
Department of Transportation. Reco#mendations are split into three sections: those
that the ficld office can implement, thc*?sc that must be implemented from the outside,

and possible future enhancements to ll‘*c system.



CHAPTER

THE CONSTRUCTION FIELD OFFICE AND

INTRODUCTION

This chapter identifies the role and function

presents an applicable personnel scheduling model. P4

the matching of staff resources with projects so that the
and budget limits and the staff are fully utilized. While
personnel management, the focus of this study is persc

office. This chapter presents first the construction

Department of Transportation and its role in the life-cyg

discusses the role of personnel scheduling management

the field office.

ORGANIZATIONAL STRUCTURE
General Departmental Orpanization

Figure 1 illustrates the general organization ang

in Olympia, is concerned with the general administrati

(but not limited to) personnel, projects, budget and s

policies for the entire Department and sets district goals

Districts, of which there are six, are geographi

Figure 2 illustrates the physical location of the district

The districts arc where project design and construction ¢

dealt with at this level
including design (which may be physically within the di
or in separate design field offices) and construction field

Formerly, many of the construction field

construction projects but also the preparation of both

11

Within the administration o

2

PERSONNEL SCHEDULING ISSUES

of a construction field office in WSDOT and
rsonnel scheduling management is defined as
projects are completed within reasonable time
he entire departmental structure is involved in
anel management within the construction field
field office’s structural placement within the

le of a project. A model is then presented that

in dealing with projects and employees within

hierarchy of the DOT. Headquarters, located
bn of all aspects of the Department, including

pecial services. Headquarters also formulates

cally divided into two groups by the Cascades.
boundaries and the construction field offices.
pecur. Specific personne! and project issues are
f the district are several specizlized services,
trict main offices, in a construction ficld office
offices.

pffices handled not only the inspection of

Design Reports and Plans, Specifications and
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Estimates (PS&E). Through design centr
responsibility for design from these field offid
of autonomy in the administration of their
design function to meet its own needs,

While some construction field office]

project design responsibilities to fulfillment of

technical data and other infq
specialty or small (i.e., shoy
(such as bridge painting plar

This has been done in part to make more effe]

plization,' the district office has taken over the direct
ps. Because headquarters allows the districts a good dceal

fistricts, each district is allowed to set up a centralized

5 maintain a design capacity, this has changed from total

limited design tasks:

field surveying for design prgjects if no other survey crews are available;

rmation collection for the district design team; and
t duration, usually four months or less) design projects
).

ftive use of personnel in the project offices.

The role of the construction field o

project from start to finish. Figure 3 illustrat
of project cycles, which he breaks into five p
divestment. On the figure, for clarity, these p
explanations do not match the Department
process.

Figure 3 shows that two distinct projg
design cycle and eacompasses Kertzner's firs
construction cycle involving Kertzner's {ast ty

phases is the ad date,” set at headquarters prid

icc within the Department can be shown by following a

this process, using as a basis Kertzner's [1984] definition
ascs: conception, definition, production, operations and
pases are numbered 1 through S. While Kertzner's phase

exactly, they are close cnough to help understand the

<t sub-cycles exist within DOT. The first is exclusively a
| three project phases, while the second is exclusively a
o project phases. The dividing point between the two

r to project design.

4Dc:sig:u centralization is a policy formul

ed by headquarters whereby each district centralizes the

design function, This can mean that either th management of the design function is at district
headquarters under a single manager, the Projpct Development engineer, or that the actual design
function is in 2 physically central location (usu lly district headquarters), or both,

5The ad date is the target date set by hea
ready to come out of planning and design and
is availability of construction funds.

quarters by which the project's PS&E is expected to be
po into construction. The key element in ad date setting

14
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Conception, which is the first step

districts, the Transportation Commission and

is a complex interaction between headquarters, the

the state legislature. The result of this interaction is the

prioritization, programming and funding of Highway construction projects for the next several years.

This is updated bicnnially.

The definition phase, Step 2, involves|
Design Report is created by the designl
recommendations for design alternatives, and
Information, special studics and designs, and
teams frequently. Often, headquarters expg
designers with any problems or special studies

After the Design Report is complete

approval is given, the production phase, Step

the District in specific projects. This phase is where the
team. This report includes the design concept,
various special studies required by the project's scope.
npprovals flow between headquarters, district and design
Fts (for example, environmental personnel) aid district
required for projects.

[, it goes back to headquarters for approval. Once that

3, begins. This is when the district prepares the PS&E.

Included are the drawings and other infor

tion used by the contractors to construct the project.

During this phase, Special Provisions ("speciak") are written that set the award and start dates through
designation of the bid opening date.® Projcct fluration is estimated and included in the specials as work

days.” As part of the estimation of project duration, the design team may also create a preliminar
y gn Y p ¥

critical path (CPM) of various project tasks.

As the PS&E is completed, headqu

design problems. Any special designs requirg
then included in the plans. After its compld

approval. Because the construction field o

Award and start dates are based on the ;

ters and the district communicate frequently regarding
d (such as bridges) are often done by headquarters and
tion, the PS&E is sent to headquarters for review and

ffice Project Engincer was tentatively assigned at the

1d date and arc usually delineated in terms of time in

days after the ad is placed. The award is usually expected four (o six weeks after the bid opening (a

date defined in the contract), though it can be
signed {executed) a maximum of 20 calendar

short as one week after bid opening. The contract is
ys after award, and the maximum start date (the latest

day to start construction after contract executipn without penalties) is 10 working days.

"Work days are based on the critical path| (minimum completion time) of a project and are the
number of days a contractor has to finish the groject. No calendar dates are connected to the work
days. Days on which the contractor cannot dofcritical work are called non-work days and represent a

suspension of work not counted against the co

tract's work days.

16




project's conception, theoretically the PS&E review would include review by the constructing field

office.

These first three stages of a project are relqted indirectly to the construction field office

because of the delays in the construction start dates that can occur during them. First, the design
process itself may take years to complete. Unless the project is being "pushed" for some reason, the
design takes at least four months (small, simple jobs sich as bridge painting) to a year or more, with
the most complex projects taking scveral years. Most of this time is spent in the definition phase, often
due to special studies, public meetings and scope adjustipents. These definition phase tasks can greatly
delay the ad date, thus delaying when the construction fifld office will receive the project.

Second, the ad date is flexible. Ad dates depgnd on construction funding, not season of the
year. Many projects are "on ad” {advertised for contraftors' bids in ncwspapers and journals) during
the non-construction season, delaying the actual start chte (which is based on working days, which arc
related to the ability to work on a particular day), unkss a scasonally independent task or serics of
tasks in the contract can be started.

In Figure 3, the second sub-cycle of a project firectly concerns project construction. By the
time the project reaches the construction field office, hbout two months before the ad date, several
constraints (project scope, bid opening date, and expect$d contract execution) are set. After the award
of the project, which is the concern of district and heaflquarters, not the construction field office, the
contractor is set. Headquarters sends the PS&E to the |district, which gives it to the project office; the
project office is then expected to oversee the constructipn and closure of the project with little outside
help. Exceptions include (but are not limited (o) certaip change orders, materials testing that must be
done at district or headquarters, and unexpected proble s requiring re-designs.

The construction phase, Step 4, begins with what Kertzner calls operations:  contract
administration as construction is carricd out. Prelimidary work, such as staking, is donc so that the
contractor is not delayed in completing the project. construction progresses, the staffing level on
the project changes in response to contractor needs. Within the field office, the primary objcctive of
project inspection is 1o ensure that the contractor com

ics with the contract documents and to inspect

and test the materials incorporated into the work. Part|of this goal includes making sure the project is

17



completed on time by using construction fiel
delayed.

During the last part of construction §

final phase, divestment, occurs. For the D

d office personnel effectively so that contractors are not

nd after the contractor completes his work, the fifth and

T, this is the completion of final estimates, which are

required at hcadquarters 45 days after thel contractor finishes [Washington State Department of

Transportation Constryction Manual, page

67]. The contractor's final payments are based on the

acceptance of thesc estimates by headquarters, Because construction field office personncl have been

so close to the contract and have kept up (

construction progress records, they fill out these final

estimates, as well as final project records which support the estimates. The final records are due as

soon as possible after contract completion.

The construction funds are handled

the field office, as are the inspection and final estimates

and records of the contractor’s work, overlapping the operations and divestment phases. Hcadquarters

and the district do not get overly involved unlgss requested to do so by the field office. Therefore, the

second sub-cycle of a project is marked by its

Organization of the Construction Field Officy

Purpose
The construction field office's major
contractors building the state transportation

departmental and federal (if applicable) spd

etachment from other DOT business.

purpose is to administer the construction contracts with
projects while ensuring that the projects are built to

cifications. To ensure fulfiliment of this purpose, the

construction field office is obligated to have s

all the projects assigned.

Personnel

fficient staff with the necessary skills available to inspect

Figure 4 is an example of a Table of Prganization (abbreviated TO} for a typical construction

field office. At the head is the Project Enginegr and his assistant, They direct both personnel relations

(recommeadations for promotion, interviewi

project management. Final project constructig
The TE-3s on Figure 4 are middle ley

Frequently, a construction field office is dividd

g, discipline and general personnel management) and

n responsibility is theirs.

kl engineers in charge of several rojects and personnel,
gin g proj pe

d into areas of responsibility, such as inspection (under

18
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the chief inspector), surveying (under the chief surveyor, as needed), and materials and final project
records (under the office engineer). Dcpcnljng on project size, number and/or type, the office may
require more than onc chief inspector.
The project inspectors are the TE-2s on Figure 4. Each is responsible for one, or at the most,
two projects. Offices with only one or two mpjor projects have several TE-2s per project in charge of
major inspection Lasks. The project inspector|cnsures that the contractor complies with all the project
specifications and provisions. He or she alsq supervises the materials tests and records construction
progress. The survey crew party chief and the|main designer on any design project are also TE-2s.
Technicians and entry level engineery (TT-1, TT-2, and TI‘-3/TE-158) on Figure 4 are next,
Technicians can be assigned to one project as|the inspector’s assistant, or to several or all of an office’s
projects as paving or survey crew. They test materials and issue and receive tickets for materials
brought on site. They help the office engineef with records; some may also help in the office in design

or earthwork calculations. Generally, unless these technicians are TT-3s with years of experience or

special skills, they are not assigned to handle a project's inspection alone, or supervise others.

Included in the field office TO is a figd office assistant who handles correspondence, supplies,

office finances, the telephones and visitors. Qjften, due to proximity to the inspection work, he or she
can be promoted into the technician levels if qpalified.

of Emplo Availabl

The Project Enginecr draws on severpl types of employees. Permanent employees (both full-

and part-time), including all technicians and ¢ngincers up to the TE-3 level, are unionized and work

under specific rules for the type of work alloped. When these employees are full project inspectors,

they have at least one year's experience (usudlly more) with the Department, arc qualified to do the

varied duties of the project inspector and are fymiliar with the departmental policies applying to project

construction. In some cases, they have specialized in one or more areas of inspection.

8TE-1s differ from TT-3s only by the fact Lhat the TE-1 has a BSCE degree; they are cquivalent
classifications. Also, in both the technician and enginecring ranges, the higher the number, the more
experienced the employee.




A second group are temporary employees.
membership or other benefits and can be hired for as
though the position that they fill must be approved H
anyone who has applied into a temporary slot. Tempo]
for four consecutive seasons on a cyclic basis. Tempord
of their inexperience and lack of departmental training,

Seasonal employees, the third type, belong to ©

The temporarics are not allowed union
little as one day or as long as nine months,
y headquarters. Project Engineers may hire
aries may become seasonal if they come back

rics almost always fill technician slots because

he union and are given most of the benefits of

permanent employees; the only difference is that they wérk more than five and less than nine months in

a calendar year. The position is cyclic in nature, alwajs beginning and ending about the same time,

with similar duties from year to year. Project Engineers

have little choice about whom they can hire as

a seasonal employee; they must take the first one tided regardless of qualifications needed. The

flexibility characteristic of a temporary employee is {lacking, though seasonal cmployees may fill

engineering level jobs because of their experience.

A fourth group, project employees, are not o
particular expertise is required that cannot be found a
the specific project only. They are not members of the
house only) positions, though they are eligible to take «

entry level positions if they qualify.

en used by construction ficld offices unless a
the DOT. They are hired for the duration of
nion and are not eligible for promotional (in-

n competitive (open to the public) exams for

So far, projects and personnel as they exist wi

in DOT and the construction field office have

been discussed. Most projects are ready to constrgct when the field office receives them, and

personnel with a variety of skills in inspection arg

available (o ensurc timely construction to

specifications. To match the personnel and projects required for construction requires the generation

of a balanced personnel schedule. A generic model of scheduling and what this entails is developed

here. This model is used in the remainder of the reporyjas a focal point for discussion.
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Elements ¢f Schedulin,

Scheduling consists of combining and

balancing three essential elements, personnel, projects

and time. The top portion of Figure 5 illustrates the typical approach to creating a complete personnel

schedule using these elements. Projects are
personnel arc assigned to projects. Combinin,
are used over time. Unreasonable personne
The cssential issue in personnel scheduling i
done by controlling the occurrence of projects
Each of these elements can be used

important information to the whole schedule.

or as three dimensions of a total system, as illy

of origin on the cube is No Scheduling, wher

each element increases its distance from the

can range, for example, from a total office per

ixed in a time based on ad date and duration. Office
these two charts allows an assessment of how personnel
assignments appear when the latter chart is reviewed.
to "optimize” the usc of personncl over time, which is
n time and/or the assignment of personnel to projects.
varying levels of detail. Each element also contributes
Thus, the clements can be perceived as interconnected
strated by the cube at the bottom of Figure 5. The point
£ time, personnel or projects are brought together., As
prigin, the level of detail increases. The personnel axis

sonnel count to numbers by classification level to all staff

listed individually by name. The {ime axis, which can include any division of time as appropriate, would

typically be in units ranging from years to dayg

or detail them into tasks and sub-tasks.

It is important to note that if on}

information is flat, lacking depth. This leads

three does not necessarily create a schedule,
only a smalt cube, centered in the lower left

assumption, that using such gross levels of de

L The project axis can consider projects as whole entities

¥ two axes are used in scheduling that the resulting
to the assumption that using only two elements of the
Also, when a system uses only very gross levels of detail,
corner of the total cube, results. This leads to another

ail could allow the user to miss information essential to

personnel scheduling. Thus, various scheduling systems could be described by how well they fill the

cube and utilize the information available from the interconnections.

A further consideration in defining ¢

planning and operations. Planning is defined

to several years) in some logical fashion,

personnel scheduling system is the difference between
as the anticipation of longer term schedules (six months

It is subject to change as projections become reality.

Operations is defined as short-term scheduling, with the plan put into immediate action. Revisions are

22
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made constantly as the situation changes. M

because the actual situation changes frequent!

n ion Field Offi P

The concepts presented in the prd

scheduling in Figure 6. Projects and human
departmental levels, The Project Engineer

resulting in a personncl schedule.

A more refined picture of the projes

both planning and operational considerations.

human resources are assigned together over

nng¢l

onitoring and updating are integral parts of this phase,
.
hedulin

ceding section are shown in the generalized view of

resources are apportioned to the ficld office from other

assigns his available resources to the office’s projects,

tt office process is presented in Figure 7, which reflects
In planning, expected future projects and anticipated

a range of time and balanced with the use of available

information. If a balance is not achieved on the first iteration, ail the elements are open to alteration.

The expected final result is the preliminary pe

rsonnel schedule,

There are three options for adjusting the schedule if an assignment scheme does not balance,

as shown in Figure 7. Altering the project tagk schedule consists of adjusting the timing of the project

(or project tasks}. Altering the resource pog

Altering the assignment comprises adding o

project tasks and establishing secondary tasks
a preliminary personnel schedule is produced.

The planning schedule for the next
last season slows. As changes occur and arc
schedule is adjusted. Because of the nature g
the level of detail does not need to be very gre

Qperations scheduling is used whel

M involves adding or subtracting staff in the office itself.
r subtracting staff from specific projects or a series of

to take up slack time. As the balance becomes realistic,

pastruction season and/or calendar year is started as the
brought to the attention of the field office, the planning
f this schedule and the information available to create it,
at in any of the dimensions.

n projects are under way. It is a dynmamic, constant

balancing of personnel assignments. Contirjual reassessment is necessary as project schedules and

available personnel change over the short te

rm. During this assessment, or monitoring, the type of

change taking place is established. If a tagk changes, then the project task schedule will need to

change. I the human resources change, th

adjusted. If both change, personnel are

cn the resource pool must be altered and assignments

rematchcd with ongoing project tasks or secondary
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assignments to account for the alteration. Monitoring if
that personnel assignments can be adjusted to allow cof

effectively as possible without wasling resources,

necessary to determine schedule changes so

hstruction to be completed as efficiently and

In both of these cycles, no matter which eienjent of scheduling is affected, the personnel

assignments always end up being adjusted. If one sectid

becomes unbalanced, the other sections shift in response

in of the model, for example the source pool,

and the whole must be modified. Therefore,

an interdependence exists between project tasks, time ar{l personnel. The timing of the adjustments of

these elements are the only difference between the twp phases: changes in the planned personnel

schedule do not have to be adjusted immediately, whercas the operational personnel schedule must be

rebalanced right away.

Methods for Creating a Personnel Schedule

On the basis of these dimensional elements, the

two phases of personnel scheduling, and what

the Project Engineer perceives as his need for a personrel schedule, the Project Engineer chooses one

of four general levels of "scheduling” identified by Shawgroft [1986] to create the best balanced match

between people, projects and time. No uniform system ¢xists that the Project Engineer can adapt, and

the choice of scheduling level is based on how it suits him. The descriptions below are based on how

each level characteristically handles the phases and th¢ elements of personnel scheduling, and vary

from extremely informal to highly sophisticated. Whether the first two levels (informal and "to do”

lists) can truly be scheduling is questionable because they do not use all three dimensions considered

essential to creating a personnel schedule. All of these [levels, in diverse forms, can be found in DOT

project offices.

Informal levels are usually mental. The Project]

Engineer associates personnel and projects in

his mind to generate the field office's personnel work logdd. Written forms of schedules of any kind are

rare and reliance is placed on the Project Engincer's m¢

mory. Formalized longer range scheduling is

also rare. Typically, this level of scheduling is based on gears of experience.

*To do" list levels of scheduling formalize the project element by writing down a list of “things

to do,” in this case, projects or project tasks. The items |on the Bist are usually unrelated to each other.
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Key personnel (c.g., project inspectors) may pe assigned to a project or task, depending on the Project

Engineer's perccived need. Time may be invglved, but only in a minor and informal way.

Bar chart levels of scheduling forma

occur to the list of "things to do." Time is

lize the time element, adding when a task must or will

considered essential to the schedule, and projects and

personnel arc assigned on a timeline. The [charts created are generally static and cover fairly long

periods. Project tasks are not related to each|other, and updating is difficult.

Network levels of scheduling expliditly formalize the relationships between tasks within a

project. The effects of changes on one tasK can automatically propagate changes in following tasks

related to the first task. Resource demand. because it is interconnected with tasks, also changes

automatically as tasks change. Time is dynapic, so that both longer and shorter range scheduling are

important. Updating is one of the keys to maintaining this level of scheduling,

SUMMARY

In this chapter, the relationship of
Department has been discussed. A personnd
also been presented. Chapter 3 presents a sy

questionnaires and interviews while Chapter 4

the construction ficld office to project cycles and the
I scheduling model related to field office scheduling has
mmary of current field office practices as found through

assesses the field office using the scheduling model.




CHAPTER 3

SUMMARY OF CURRENT FIE

INTRODUCTION

This chapter discusses the current constructid
management, using material collected from the P

interviews. The data collection methodology is expl

[.D OFFICE PRACTICES

n ficld office practices in personnel scheduling
roject Engineers through questionnaires and

nined first. Then the field office systems are

reviewed using the separate issues raised in planning and operations to create tables that examine the

level of detail, problems and problem solutions.

DATA COLLECTION METHODOLOGY

An important reason for this research is
scheduling management at the construction field offi

these issues involved sending a questionnaire to and in

o establish the issues involved in personnel
te level. The methodology used in examining

kerviewing the construction field offices' Project

Engineers. Other states’ departments of transportation were interviewed as well to ascertain how they

do personnel scheduling at the level equivalent to the

questionnaire and both sets of interviews were to

identify scheduling probiems and con
obtain suggestions for what would bd
system.
Questionnaires

The basic information on how each Project E
management, and the policies, procedures and problem
three part questionnaire. The first part furnished baf
type and size in dollars of projects, and number of pd
process the Project Engineer uses to manage personnd

questionnaire, planning was defined as personnel sche
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construction field office. The objectives of the

determine existing personnel scheduling practices and procedures;

fraints; and

useful in a personnel scheduling management

pgineer perceives personnel scheduling, project
s surrounding the issue was collected by using a
ic information about the field office (number,
rsonnel) while the last two parts identified the
| scheduling in planning and operations, In the

Juling that takes place prior to the ad date and




operations as personnel scheduling that happens after the ad date. This dividing point was chosen

because the ad date is when the Department ¢
field office becomes directly involved.

The questionnaire was developed fr
field office management, literature on projeq
scheduling, and information deemed to M
questionnaire was developed and submitted
different districts.

The final 29-item questionnaire w

ommils itself to building the project and the construction

pm records about WSDOT policies and procedures for
I management, construction management and personnel
¢ missing from other background studies. A draft

Jor review and critique to five Project Engineers in five

ps distributed to all construction field office Project

Engineers in Washington. Included with the questionnaire was an explanatory cover letter and a

stamped, addressed return envelope. The e

velope had enough postage for the Project Engineer to

include examples of any written scheduling sheets he might bhave created. The letter explained that

responses would remain confidential. Appendlix A contains copies of the letter and questionnaire that

were sent.

Of the 37 construction field office Pr
questionnaire, an 87 percent response rate, in|
Table 1 shows the response broken down by d

The results of the questionnaire arc ¢
are discussed in this chapter. An extensive |
experimentation with questionnaire informatiq
basis for the interviews with the Project Engin
Project Engineer Interviews

Of the 37 field office Project Engine]
respoading to the questionnaire) were inten
schedule personnel and solve related prob

interviews had the following characteristics:

pject Engineers in Washington, 32 returned a completed
Hicating an unusually high interest in the issues involved.
strict.

ummarized in tabular form and the practices discovered
tatistical analysis was not considered useful after some
n in statistical form. The questionnaires also formed the

ters as the second step in the process.

prs, 19 (51 percent of the total and 59 percent of those
tewed for a more detailed understanding of how they

ems. The Project Engincers who consented to the




Table 1. Response to Projeq

t Engineer Questionnaire

Number of
Construction Location with
District Field Offices Response Percentage | respectto Cascades
1 13 12 92 W
2 4 4 100 E
3 8 6 75 w
4 4 4 100 w
5 4 2 50 E
6 4 4 100 E
Entire State 37 32 87
. all of the interviewees had answered the questionnaire before the interview;
. 7 of the 19 (37 percent) were in cpnstruction field offices east of the Cascades
(Districts 2, 5 and 6);
. 9 of the 19 (47 percent), covering four districts, were either based in offices located in
rural areas, or did work in mainly rura areas;
. each of the four levels of scheduling d¢scribed in Chapter 2 was represented; and
. cach of the 19 represented one or mpre types of projects (large and small, complex

and simple, critical and non-critical) t}

Each interview lasted at least an hour and sometimq

at can be found over the state.

s included more people than just the Project

Engineer. Informal meetings after the interviews furnished additional information helpful to the

rescarch.

Information from the intcrviews as well as soq

ne of the more descriptive questionnaire results

as they relate to evaluating existing systems are discugsed and analyzed in more depth in Chapter 4.

Appendix B contains a brief general outline used for th

Other States

In addition to the objectives mentioned abov

equivalent in other state departments of transportation were intended to

31

t Project Engineer interviews.

£, the interviews of Project Engineers or their




. provide an understanding of their methods of personnel scheduling management;

. discover if any states had evplved a construction ficld office level personnel scheduling

management system; and

. ask for any suggestions those states could make regarding personnel scheduling

management that potentially could be applied to the Washington State Department of

Transportation,
For this section, a literature search was us¢d to identify states with potential personnel scheduling
management systems. Other DOTSs were contacted by telephone to explore their personnel] scheduling
at the level equivalent to the construction fielfi office. These methods of data collection were chosen as
the quickest ways to gain the information reqpired.

The literature about personnel schequling at the most basic level, the construction field office
equivalent, was scarce. Most of the availjble literature deseribed capital management programs
(headquarters level), personnel managemen| systems (headquarters level, usually computerized, and
dealing with information on individuals raher than personnel scheduling), and pre-construction

management (district and headquarters level]. However, two studies sponsored by the Transportation

Rescarch Board did appear (o have informhation that touched on potential personnel scheduling
management systems that seemed to include the construction field office level. Use of these two
studies and H. Randolf Thomas's study [1935a] of time and schedule performance mentioned in
Chapter 1 determined the choice of four of thi five state DOTs interviewed.

The first study, Construction Contradt Staffing by Copas and Pennock [1978], focused on state
departments of transportation and "construgdtion cngineering manpower [as] directly related to the
scheduling of construction projects” [page }]. The study made a distinction between long-range
manpower’ planning (headquarters and distrfict level) and short-term manpower projections (project
level with district review). The authors appglied the "basic functions of management . . . planning,
organizing, leading, and controlling” [page 1]|to the study of engineering manpower in several states,

noting how the different states provided the required personnel to staff the construction projects. The

5This study and the following one used the term "manpower” throughout, so this report does the
same in discussing the Copas/Pennock and N wman,/Hejl studies.
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focus of the study was to understand how various agenci¢s plan manpower (in the sense of agency wide

manpower projections): the personnel policies involved, |the detail level of the planning, and how these
are related to construction management. The study influded recommendations that agencies should
develop a suitable model of construction t;ianpowcr rlanagement based on "a management systems
approach” [page 1]. No model was proposed, and anly agency level personnel management was
studied. Two of the four states reviewed in depth in the Copas and Pennock study, Louisiana and
Michigan (which was also studied in Thomas), were chdsen as interview states to find out if either had

incorporated the recommended model into their short-t¢rm manpower projections {field office level).

The second study, Development of a Const]
System: System Design Manual by Newman and Hejl

uction Engineering Manpower Management
1978), described a system of procedures that,
beginning at headquarters level and gradually going to the district office side of the project level,

included many of the personnel planning issues required in construction engineering management. All

of the procedures described were hand methods, with
were considered necessary to ease scheduling. The fd
district planning, and little was directly related to comnst
of the twenty states that were funding participants in thg
studied in Thomas) and Wisconsin, which were thought

were chosen as interview states.

various charts and graphs included where they
icus was from the aspect of headquarters and
ruction field office personnel scheduling. Two
Newman and Hejl study, Ohio (which was also

to be potential users of this or a similar system,

The fifth state, North Dakota, was suggesied In one of the Project Engincer interviews. He

mentioned that North Dakota might be doing somed
possibly as a computerized system.

Staff from these five states were interview

hing with personnel scheduling management,

td by telephone after the Project Engineer

interviews. None of them had a true construction ficld office personnel scheduling management system

installed, and nothing of significance that could be applied to Washington was presented. Appendix C

contains descriptions of the five interview state DO
personnel scheduling tools used, if any.

reccommendations in Chapter 7.

3

T's inspection methodologies, structures and

Input fgom thesc states are incorporated into the




ON FIE FFICE LEVE
General

According to the information froq
responding engineers did some form of prelij

all of them attempted some form of operatio

operations phase also included some type o

OF SCHEDULING

n the questionnaires and interviews, almost all the
minary personnel scheduling (or planning), and virtually
nal personnel scheduling. Though usually informal, the

| monitoring. Before specific planning and operations

results are reviewed more closely, two general features that penetrate the entire existing personnel

scheduling management system are examined.

The first general feature concerns wh
scheduling. The questionnaire asked, under
scheduling. Table 2 indicates that almost
Engineers and about two-thirds of the TE-3s 1
very often. In no case was only one person, at

The second general feature that affe
scheduling used at the DOT. Each Project]

comfortable. Most of these Project Engine

p in the project office does, or helps to do, the personnel

both planning and operations, who were involved in

all Project Engineers, most of their assistant Project
were included. A few TE-2s were also included, but not

pny level, responsibie for the entire personael schedule.

'ts both planning and operations concerns the levels of
Engineer used a scheduling level with which he was

ers had years of experience, both as assistant Project

Engineers and Project Engineers in constryction field offices, dealing with the wide variety of

scheduling changes necessitated by the nature
variations of personnel scheduling had develop;

Each variation can be placed into g
(informal, "to do" lists, bar charts and networl
developed using information gleaned from the
lists the four levels along with the percentage o
state and for field offices located either cast
Engineers have been using either "to do” lists o

true for west of the Cascades especially. East

of the work. Based on these years of experience, many
ed.

ne of the four general levels of personnel scheduling
s) that have been described in Chapter 2. Table 3 was
combination of answers to all the questions. The table
f responding ficld offices using them, both for the entire
or west of the Cascades. It shows that most Project
r bar charts for personnel schedules, and the trend holds

of the Cascades the construction field offices are more

evenly split between levels of scheduling. The yse of networks for personnel scheduling is very low.




Table 2. Construction Field Office [Personnel Involved in Scheduling

Level Planning (in %) Operations (in%)
Project Engineer 96(8% 96.9%
Assistant Project Engineer 8711 90.6
TE-3s 645 - 65.6
TE-2s 6L4 6.2

Table 3. Use of Scheduling Levdls In Construction Field Offices

Level State Waes| of Cascades! East of Cascades’
Informal 13% 5% 30%
"To Do" List 44% 50% 30%
Bar Chart 7% 45% 20%
Network 6% 0% 20%

Note: 1The total number of responding field pffices west of the Cascades is 22; east is 10.
These numbers were used to establish percentages west and east of the Cascades
respectively.

)
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To create Table 3, no distinction wag
be awarded at any time of year, and planning §
field office’s typical scheduling procedure was
schedules, drawing off information necessary
quarterly personnel needs reports, or a weekl
allow for a natural division of field office pers
discussions of each is fruitful; within the co
combined in practice, though one may be emp

At this point, the distinction might b4

3
E

made between planning and operations. Projects could

cheduling could include projects in progress. In fact, the
to use a single schedule that combined the two types of
for different types of specific reports (i.e., headquarters'
y schedule for the project inspector). The project cycles
mﬁcl schedulcs into planning and operations, so separate
pstruction field offices, the two types of schedules are

hasized over the other,

drawn between "to do” lists and bar charts as they are

defined for this study. One of the characteristics of "to do” lists is that they lack time, one of the three

dimensions of scheduling. If a system create.
time, it was considercd to be part of a "to do”
obviously have made an effort to connect time

Planning

d by a construction ficld office lacked the dimension of

ist system. Bar chart systems, on the other hand, would

Lo the other dimensions, creating a personnel schedule,

Planning, as defined earlier, is personpel scheduling that takes place before the ad date. The

Project Engineer forecasts the next season or]

year's projects to determine how his personnel will be

utilized and whether he needs more permaneqt or temporary staff. The planning stage is marked by

uncertainty because the Project Engincer cag

actually be inspected from his office, or when t

Why Plan?

The questionnaire asked the Project E

they did plan. Table 4 indicates that three reas

and to schedule their people with projects, w

pnot be assured that the projects assigned to him will

he projects will arrive,

ngineers for the major reasons behind their planning, if
pns, to determine adequacy of personnel and equipment

pre important to most of the Project Engineers. (The

percentages add up to more than 100 percent dpe to the acceptability of muitiple answers.)

Figure 8 shows the Quarterly Man K

information from the construction ficld office 1

tower Summary, which District 1 has used 1o request

bbout personnel needs. The summary is not a schedule
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Table 4.| Reasons for Planning

Reason %o

Determinc Personnel Adequacy 94
Assign Personnel to Projects 88
Determine Equipment Adequacy 24

per se (no projects are listed), but the Projedt Engineers mentioned in the interviews that they did their
planning specifically to fill out this form. It is general enough to allow the Project Engineer to use any
of the levels of scheduling to fill it out. Other districts also request their Project Engineers to hand in
information rcgarding future personnel ngeds, though it may not be in this same form. The

information is also important to headquarters for planning funding for projects.

Detail Levels of the Plannin: le

Several Project Engineers mentiongd during the interviews that permanent personnel levels
and projects are assigned to the construction| field office from the outside, that ad dates can change up
to the actual advertisement of the project, and that the project’s tasks can alter with scope changes.
Many of the Project Engineers, therefore, did not desire to make planning schedules too detailed, even
though they necded to determine what their cquirements were for the season or year.

This desire for less detail on plannipg schedules were supported by answers to several other
questions from the planning section of the [questionnaire. Most Project Engineers, in dealing with
these uncertainties (whether the project woull be ready to construct on the ad date listed, and whether
the office originally assigned would inspect [the project), decided to do their preliminary personnel
schedules at a fairly gross levels, as indicated by the following tables.

Table 5 lists the level of detail the Project Engincers used in their planning schedules; 81.3
percent used cither the project as a whole gr a gross level of tasks to determine schedule. Table 6
indicates that 74.9 percent scheduled either Without a time period designated or used months, a fairly

gross level of time. Table 7 indicates that, if |personnel were assigned, and a document created, it was

frequently a list of projects with key assignments.




Table 5. Level of Detail f Planning

Level of Project Detail %
Project as a Whole 34.4
Gross Schedule of Tasks 46.9
Detailed Schedule of Tasks 15.6
Other 3.1

Table 6. Time Period Used - Planning

Time Period To
None 34.3
Project 6.3
Month 40.6
Week 12.5
Day 6.3

Table 7. Documentation

Written Product Total Number Number
Indicaling Exclusive
None 4 4
List of Projects with Key Assignments 20 8
List of Projects with All Assignments 10 4
Schedule of Personnel Work Load with Time Periods 10 3
List of Project Tasks with All Assignments 7 0

39




Table 7 also indicates multiple ansy
Project Engineers who used a single type of
other factors. Several Project Engineers me]
complexity of the project dictated the type
projects required more detailed schedules evq

The reason that size and complexity
documentation scemed to be that when prg

amount of forewarning to the field office

vers for the type of documentation used, if at all. Those
document exclusively did so for all projects, regardless of

ptioned during the interviews that, for them, the size and

of document produced; the more complex and larger

tn in planning.

caused the Project Engineers to consider more detailed

jects became very large (in dollars and complexity), the

ncreased. From fairly early in the design process the

construction ficld office is notified of its assignment to the project. While the project office does not

involve itself with the design, it is awd
Carefultracking by that field office and distr
office has sufficient staff to handle the proje
on the basis of their ad date and duratid
requirements.

As an example of this, one Projec
originally had been scheduled to go “on ad” o
earlier. His task, when he learned about the
project; looking over his preliminary schedulg
need to go to other offices if the major proje

with the district to reassign those. At the ti

re of the project's scope and major requirements.

<t is then begun to make sure that the construction field

tt. All other projects assigned to that office are assigned

bn in relationship to the major project's ad date and

| Engincer mentioned that he had a large project that
n July 1, 1987. He knew about the project a; least a year
pssignment, was to ensure that his staff were ready for the
, he saw that a couple of smaller assigned projects would
't was to be handled properly. So he made arrangements

me of the interview, the major project's ad date had just

been delayed until October, and he was reworking his preliminary personnel schedule to accommodate

this delay. The delay had left him with some
lend out crew or add a project.
Problems Encountered in Planning
It is important to understand both W
what problems the Project Engineers do not

these aspects of planning problems.

extra people with slack time, so he was hoping either to

hat problems can limit the effectivencss of planning and

perceive as affecting planning. Table 8 indicates both of




The first three problems on the table, uncertaidty of the start date, uncertainty of when project

activities will actually occur, and the lack of detpiled project schedules, have two common

characteristics. The first and most noticeable is that they focus on the project dimension of scheduling,

The second, which is more inferential, is that the proje

come from outside of the construction field office. Act

team and headquarters and, as mentioned, are variable.

ct data required by these three problems must

vity schedules and dates come from the design

The second set of problems on Table 8 are thoge considered by the Project Engineers to be of

little concern. Lack of procedures, information and time for scheduling do not seem to impact or

constrain the planning, The common feature of these problems is that the Project Engineers perceive

them as under their control, at least partially. They dag

not perceive a need for faster or better "tools"

to help them schedule; all the problems are from the oufside. Internal problems do not matter because

they do not seem to be restrictive.

An investigation was done to see if there wer

£ any common characteristics shared by those

engineers who answered in the minority (i.c., those who considered project activities and start dates

was not important, or who considered lack of procedur
associations appearcd except that some of the newer (
considered a personnel management system to be impo

Solutions te Planning Problems

During the interviews, the Project Engineers o

balance the schedule in planning. Given that projects w

both in terms of start date and assignment to their offi

every case, that they adjusted the personnel to acco

reassigning planned project dutics, applying to headqup

either permanent or temporary, or asking the district g
who would become extraneous in the future,
Operations

Operations, as defined lor the guestionnaire, i

ad date. As mentioned, operations scheduling is office

£s, information and time to be important). No
br more recently promoted) Project Engineers

tant or extremely important.

vere asked what kind of solutions they used to
ere outside of the Project Engineers' control,
kes, the Project Engineers answered, in almost
mmodate. In the planning stage, this meant

riers through the district for more personnel,

ffice to help find places or work for personncl

personnel scheduling that takes place after the

specilic, dependent on the arrival of the PS&E
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Table 8. Potential Problems that Could Limit Planning Effectiveness

Problem Not Extremely
— _ : Imporiant Important important
Uncertainty of Project Start Dates 2 7 19
Uncertainty of When Project Activities Will Actually Ceour 3 9 17
Lack of Detailed Project Schedules 8 5 14
Probl ngi
Lack of Procedures or Methods to do Work Loaq Scheduling 20 3 3
Lack of Adequate Personne! information 18 3 ]
Lack of Adequate Equipment Information 18 5 4
Lack of Time to Analyze Task Level Assignments 16 8 5
Lack of Time to Make Project Level Assignments| 16 6 4

Note: 1. Numbers indicate total number of regpondents. Numbers across do not reach the same fotals
because some answers were left blank. Maximum total is 32.

2. The categories "Not Important™ and '[Extremely Important” are from combined answers on the

questionaire. "Not Important™ combines "unimportant” and "somewhat unimportant.”
"Extremely Important” combines "vefy important™ and "extremely important.”
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at the conmstruction field office and the contract award,

makes scheduling particularly complex. The operations

which can happen any time of year and which

schedule is also more dynamic, is subject to

rapid change and requires constant updating and adjustfnent to ensure that no delays occur in project

construction.
Detail Levels of the Qperations Scheduleg

It has been stated that the Project Engineers
planning and operations. Tables 9 and 10 support this t

detail level assigned and illustrates that the majority of §

tended to use the same technique for both
b a limited degree. Table 9 lists the personnel

lroject Engineers schedule only key personnel.

Table 10 Bists whether the Project Engineer breaks down the project into tasks; two-thirds indicated

that either no task breakdowns occurred, or that task b
This indicates the use of a level of detail similar to that ol

As Tables 11 and 12 show, only onec third
operational schedules. This indicates less documentat
these, about one-half used weeks as the unit of time whil
This level of detail is greater than that encountered for pf

Monitoring

One question asked the Project Engineers

reakdowns occurred only for specific projects.
f planning,

of the Project Engincers documented their
on than is evident in the planning stage. Of
c most others developed monthly assignments.

janning purposes.

was whether they evaluated, or monitored,

personnel schedules as affected by project changes and, i they did, how they responded. Tables 13 and

14 together illustrate the response.

Table 13 indicates that almost a third of the Prg
effect indicating that they might not be doing personng
two-thirds, the majority monitored all projects. Table

how monitoring is used, indicates that the monitoring ha

ject Engineers did not monitor for changes, in
| scheduling during this phase. Of the other
14, which was developed from descriptions of

ppens mostly as needed or daily. The majority

of those responding also indicated that the results of moditoring were uscd to update schedules.

Problems Encountered During Operations

Table 15 was generated from Question 11, the

indicates what problems could limit use of personnel evd

Operations scction of the questionnaire, and

nly over the calendar year. (For the complete
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Table 9. What Personnel are Assigned at Project Start?
Key Personnel 65.6%
All Personnel 31.3%
Both 3.1%
Table 10. At What Level of Project Detail?

Whole Project Only 31.3%
Specific Tasks, Some Projects 40.6%
Specific Tasks, All Projects 28.1%

Table 11. Isp Written Schedule Generated?
Yes 37.5%
No 62.5%

Table 12. If Yes, What Time Period is Used?
Week 50.0%
Month 41.7%
Project Duration 8.3%
44




Table 13. Project Changes and Pergonnel Work Load Evaluation

Are project changes evaluated in relation to personnel work load?

No 31.3%
Yes, on some projects 15.6%
Yes, on all projects 53.1%

Table 14. Frequency|of Evaluation

If yes, how frequently?

As needed 36.4%
Daily 31.8%
Weekly 9.0%
Bi-weckly 4.6%
Monthly 0%
Bi-monthly 4.6%
Quarterly 4.6%
No answey 9.0%
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question, see the Questionnaire, page 11, in Appendix A.) Not all of the potential operational

problems in Question 11 are listed on Table 15 because hot all produced strong responses.

The top section of Table 15 lists five potential

to be important. These are similar to the planning proH

and updated contractors' schedules, uncertainty of when

respond to project and/or personnel changes have thd

project (except for a portion of the last problem listed

outside, in this case, from the contractor.

The second section of Table 15 lists three poter

problems considered by the Project Engineers
lems of Table 8. The lack of reliable, detailed
project activities will occur and lack of time to
following characteristics: the focus is on the

) and the schedule data must come from the

tial problems considered to be unimportant by

most of the Project Engineers. Staff problems, lack of tyme and lack of procedures again appear. Asin

planning, these problems are indicating that a lack of tq

rather the problems all come from the outside.

Staffing problems have been pointed out in m
literature as probably creating difficulties for the project
opposite.  On Table 15, "staffing problems™ is a com
information, lack of inspector interest in projects, lack
team work) that were suggested to the Project Engin
Project Engineers who indicated a level of importanca
closely that the four seemed like a single, unimportant p

An attempt was made to identify any common
answered in the minority for these two sets of problems
and a minority answer concerned the lack of procedurd
newer or more recently promoted Project Enginees
important to extremely important.

Three potential problems surfaced that had a
section of Table 15. They showed enough of a differeng

Two of the three, the lack of a detailed WSDOT prd

ols to schedule are not considercd a problem;

ich of the project and personnel management
manager. The Project Engincers indicated the
pination of four problems (lack of personnel
of field office stafl capability and lack of staff
per in the original question. The number of
for each of the four problems rated them so
roblem.

factor influencing the Project Engineers who
The only relationship between outside factors
s for scheduling. As in planning, some of the

s considered a methodology for scheduling

mixed response. These are listed in the third
¢ from the rest to require further examination.

peet schedule and the lack of alternatives for

keeping personnel in-house during the off season, are plmost evenly split between not important and
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Table 16, District icpresenlation: Staff Absentecism

Extremely
District Unimportant Important Important No Answer
1 2 4 5 2
2 3 1 ¢ 0
3 2 1 3 0
4 2 1 0 1
5 1 0 1 0
6 1 2 1 0
All Districts il 9 10 3
Notes: 1. Numbers indicate total nunjber of respondents.
2. The categories “Not Impgrtant” and "Extremely lmportant” are from combined

answers on the questionpaire. "Not Important® combines "unimportant” and

"somewhat unimportant®,
"extremely important.”

"Extremely Important® combines "very important” and

extremely important. To {ind out if any common factors appeared to explain this (such as, are the

engincers who answered in onc way or the other of a certain type or located in one area), several charts

were made. No associations surfaced betweeh answers and respondents.

This is not the case of the third pfoblem listed, staff absenteeism. For this problem, the

Project Engineers are evenly divided betwee

1 all three categorics of importance. Table 16, a district

breakdown of the answers, indicates that mos} districts arc similarly balanced in answers.

However, more District 1 Project En

extremely important than other districts’ Pr

gineers indicated that staff absentecism was important or

pject Enginecrs.  While all districts have their share of

urban projects, District 1 has the largest yrbanized center in the state, with the majority of its

construction field offices located in or arougd this center. Of the Project Engineers who indicated

answers of important or extremely importar

urban area problems, which are usually lar

L, most (8 of 9) were working with projects related to

s complex and stressful. Shift work and overtime are




frequent and project inspectors can accomulate so much annual leave (vacation), sick leave and comp

time!? that the Project Engincer can have difficulty
desired.

Solutions t rations Problems
Operations schedules must change in response

is doing. As Figure 7, Chapter 2 shows, the Project Eng

tounting on the person being available when

to the contractor's constant revision to what he

Ineer must choose the way he will rebalance his

personnel assignments; he will alter the resource pogl, the project task schedule or the resource

assignments. This works in two ways: at times, the con
they require stretching office resources thin; at othe

Questions 8 and 9 in the operations section asked the

Etruction inspection tasks are so numerous that
times, inspectors are idle with little to do.

Project Engineers to note which solutions they

used to cover both situations, All solutions listed are uged to some degree, with some used more than

others, as Table 17 illustrates by presenting the solution{
them. Note that these percentages indicate using the
once,

Certain solutions would be used less frequa
Engineers. Those solutions used least often when dé
methods, requesting more permanent staff positions an
require the Project Engineer to request outside help i
headquarters (changing inspection methods and new
(adjustments to the contractor's schedule).

Permang

demand, also requires outside help from district and

and the percentage of Project Engineers using

solution any number of times, including only

ptly, or would be avoided by many Project
mand exceeds resources (changing inspection
] asking the contractor to adjust the schedule)
adjusting his personne! schedule, either from
crew possibilities) or from the contractor
nt transfer of crew, when resources exceed

/or headquarters, but is avoided entirely by

60 percent of the Project Engineers. Also, of all the solutions listed, only one, asking the contractor to

adjust the schedule, does not adjust either the resource gool or alter the resource assignments.

YAnnyal and sick leave is accrued in hours per mo|
be accrued to 240 hours before vacation must be taken g
Sick leave is accrued at 8 hours per month with no Lmitd
and is based on accumulating hours instead of overtime
and one half hours time per overtime hour worked) may
invoked.
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hth; the number of hours for annual leave can
r the hours lost. 240 hours is six weeks' leave.
. Comp time stands for compensatory time
pay; 240 hours total leave time (accrued at one
be based on mandatory overtime pay is




Table 17. Resource Demand Prgblems and Percentage of Project
Engineers Who Use Harticular Solutions

Solution %

I. Problem: Demand Exceeds Resources [Available

Add Temporary Personnel 100.0
Add Overtime 100.0
Shift Personnel 100.0
Assign Office Staff to Field 96.1
Borrow Crew 92.3
Assign Project Inspectors More than One Project 88.5
Change Personnel Assignments 84.6
Change Inspection Methods 65.4
Request More Permanent Staff Positipns 61.5
Ask Contractor to Adjust Schedule 46.1

I1. Problem: Available Resource Exceeds [Demand

Previous Season's Paperwork 96.7
Send Personnel to Training 90.0
Assign In-Office Odd Jobs 90.0
Design Function Part of Office 80.0
Constant Construction (No Winter SHutdown) 80.0
Temporarily Lend Out Crew Member} 76.7
Permanently Transfer Crew Members 40.0
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SUMMARY

In this chapter, the data collection methodolbgy has been discussed, and the information
collected has been presented. More than half of the construction field office Project Engineers, in both
planning and operations, used less formal scheduling techniques (informal and "to do” lists). The
reason given for this was that the project schedules wer¢ outside of their control. Conversely, they did
not feel the need for faster or better tools for scheduling than that which already exists. In the next
chapter, what the data show is explored in more depI

using the four levels of scheduling and the

model of personnel scheduling management presented ih Chapter 2.
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ANALYSIS OF THE CURRENT STATE OF PERS

INTRODUCTION

The indications from the previous chapters
purposeful personnel scheduling management. It is als
and constrained from both outside the construction fie
analyzes the construction field office personnel sc
representative  scheduling techniques and respon
questionnaire and interview results are more closely
limitations operating on the construction field office in

In examining the techniques used at the Dep
Chapter 2 (informal, "to do” lists, bar charts and netwo
first two levels can actually be termed "scheduling."
production plan allocating work and specifying dead!
(people) are doing assigned work (projects or tasks)
dimensions of scheduling mentioned in Chapter 2. W]

difficult to call the result a "schedule.”

EXAMPLES OF PERSONNEL SCHEDULING AT WH

The model of the personnel scheduling procesy
the assessment of the current construction ficld offid
previously discussed are presented as representative sy

planning and operations are done. Each level treats

ONNEL SCHEDULING MANAGEMENT

are that the Project Engincers do carry out
clear, however, that their efforts are impacted
office as well as from within it. This chapter
duling management practices by examining
to constraints. After the analysis, the
rutinized 1o understand more completely the
rms of personnel scheduling.

riment, the levels of scheduling mentioned in
s) will be used. It is questionable whether the
ne of Webster's definitions of scheduling is "a
nes ! The definition implies that resources

within 2 time frame, which covers the three

hen a dimension, such as time, is missing, it is

DOT
presented in Chapter 2 is used below to make
e practices casier. The levels of scheduling

siems and analyzed for the characteristic ways

he three dimensions of scheduling differently,

these differences are important to understanding current ficld office scheduling.

Nywebster's 11 New Riverside University Dictionay

page 1043.

53

y, The Riverside Publishing Company, 1984,




Certain charactcristics of personnc| scheduling management ar¢ common to all the systems

found at the Department. One of these is t delegation of day-to-day scheduling to the chief inspector
or the project inspector. This occurs only when the crew scheduled for a project is the same from day
to day, not when a crew change is required.| If a different size or type of crew is required, the Project
Engineer becomes directly involved in the prpcess.

A sccond common characteristic & the high level of distrust of the contractor's progress

schedule and the written updates received. plmost all the Project Engincers mentioned, either in the
interview or on the questionnaire, that the cdntractor's progress schedule cannot be trusted to tell what
the contractor actually plans to do and wheh. Often, the reason the Project Engineers gave for this
schedule inaccuracy is that the contractor §oes not understand scheduling, though investigations of
actual causes have not been done. Contractors' progress schedules arc covered in more depth in the
section on limitations, after the four levels of cheduling.

A third characteristic, related to th second, is the reluctance of almost all Project Engineers

to ask the contractor to alter his schedule. Though the Standard Specifications state that certain types
of inspection services require more than a few hours' notice, Project Engineers seldom enforce the
requirement. Two reasons behind this may be that the Project Engineers do not wish to delay the
contractor in any way and that the notificatio§ requirements have not been fully tested in court.

Informal

ical tem Featuyres

The informal level of scheduling, usgd by 13 percent of the Project Engineers statewide, is the

least detailed and simplest. Characteristic atfitudes toward scheduling are marked by a lack of interest

in time, paper and planning. Frequeatly, thi technique is difficult to describe; one Project Engineer

called this a "thought process -- ongoing.” cn several Project Engineers who used this process were

asked to explain their system, the descriptiohs were disjointed and terse. Below is a compilation of

typical features found in informal field offices
Planning. Planning is done reluctant)y, and only to fulfill the departmental requirement for an
office personnel needs assessment. The us

al sequence of "scheduling” is to look at an upcoming

projects list, compare it against known office gtaff, and fill in the form. No balancing is attempted.
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Planning is considered unreliable and/or a w:
that headquarters had sent him a form to use in planni
because there were too many project start date changes

Putting anything down on paper is avoided as
project starts and activity schedules. Time is of little
that no matter what he does, the project will progress a

Operations. The short-term scheduling mos
greatest concern,  Any assignments to projects do not
project inspector is assigned. Further concentrati
construction meeting!? (precon), because that is when
is planning. To these Project Engineers, the contra
accommodates the contractors' needs.

Typicaily, the Project Engincer is aware, by
though warning of construction scheduling changes th:
less.!3 One Project Engineer stated that nothing more
because the "contractors only know [emphasis his] toda

The response to changes is reactive rather t
changes and do not try to foresee what changes mi
something is planned for, it will not happen, so plannin

All the Project Engincers interviewed agreed
in the Project Engincer's mind based on personal e

Project Engincers who used this level of scheduling als

schedules because the majority of the projects were st

125 pre-construction meeting (called a "pre-con”™)
the construction of a state project. At this mecting will
representatives as well as the contractor and others invy
mecting is to discuss thoroughly the contractor's progrd

B3 The short notice applies to all contractors; contr

construction field offices on a short notice basis. The ¢
is different for each type of scheduling.
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te of time. One Project Engineer mentioned

s he tried it, but found it did not work for him

well, because of the frequency of revisions in

ncern because the Project Engineer perceives
d be completed -- some time.

frequently associated with operations is the

occur uatil after the ad date; at that time, the

on scheduling takes place after the pre-

¢ Project Engincer knows what the contractor

ors “drive" the schedules and the field office

field inspection, of a project's current status,
affect the field office is short, usually a day or
rmal in scheduling was required for his people
what they are doing today.”
n planned. These Project Engineers wait for
occur. The attitude seems to assume that if
is really of little worth.
at the process is mental. Crew shifts are done
ination of the construction progress. The

did not feel the need for more detail or written

ightforward (requiring similar task sequencing

s required by all contracts prior to the start of
be all the state and lederal agency

pived in the project. The purpose of the

s schedule for construction.

hctors as a group tend to notify all DOT
bnstruction field office response to these notices




for almost all projects) and not very complexj
not require much detail,
Personnel held the majority of the

established, the crews were meant o be b

inspection, for example. Scheduling per digm

have noticed abuses of it and were reluctant t
that are in proximate areas, and project insj
whom they work well, if possible. Furthermq
lives of crew members if what happens off duf

A departmental change that all thy

9

"mostly repavers”). The repelitiveness of the projects did

pttention of these Project Engineers. When crews were

ble to do more than one task: surveying and paving

14 took some thought, because the Project Engineers

p use it. Attention was paid to assigning crews to projects
ectors in some offices were assigned to contractors with
e, the Project Engincers would intervene in the personal

y affected their ability to do their jobs.

s¢ Project Engineers said affected them negatively in

operations scheduling is design centralizatiop. Before design centralization, the Design Report and

PS&E preparation were incorporated into
stopped for most projects in October or N

inspector's job. With design centralizatio

fhe function of the office. As construction slowed or

vember, the design function would become the project

, most design functions (except those mentioned in

Chapter 2) were removed from the constryction ficld office. The Project Engineers have been

experiencing difficulties in using the abbreviz
when little inspection work is available. The

to find alternatives for their personnel.

The units uscd in the informal proce

the moment. Time is of little concern, thou,

Personnel assignments are fluid, depending o

ted design assignments as fillers for short time periods

informal offices have become less flexible in their ability

for cach of the three dimensions depend on the need of
months arc used for the departmental quarterly report.

i the current state of construction. Projects as a whole

are the main concern, though there is an unlerstanding of the construction project's progress and the

need to have available the necessary inspectiop personnel. The Project Engineers do not seem to have

“When a project is located far {at least o
office, the project inspector and crew find livin
time, paid for by the department through per ¢
with the construction field office.

he and one half hours' drive one way) from the project
B quartcrs close to the project, staying there a week at a
icm. The project inspector keeps in touch, usually daily,




a sense of an operational time line (how long a task wiil last, for example), only that the sequence is

about the same as usual.

The Project Engineers' attitude toward personpel scheduling management is both simple and

difficult to describe. On the one hand, the Projeqt Engincers consider that the chaos that is

construction management at the DOT will continue regardiess of efforts on their parts. Therefore, no

tools for scheduling are required. All problems come flom outside sources, so the outside sources are
responsible for solving them.

This attitude extends to the new techaology intfoduced into the construction ficld offices in the
forms of microcomputers and various programs. t of the Project Engineers who do mental
scheduling leave the micros in the main office for|use by the other engineers for engineering
(geometric design, final records, surveying and right of way, for example). They have said they do not
wanl to tie up their micros for work othcr than the mair focus of the office: engincering.

On the other hand, because the process is based on years of construction experience ("based
on history"}, the attitude is difficult to define. Althoygh they view outside problems negatively, the
Project Engineers deal well with personnel and immediate changes in schedules.

The advantages of this technique include litle paperwork and a major focus on personnel.
The result is that these Project Engineers are availdble at all times to help solve the immediate
problems that their crews encounter. As mentioned, the help offered does not stop at construction
difficulties but also extends to personal lives. Projebt completion is ensured by concentration on

covering the inspection tasks, whatever that requires, arjd responding swiftly to immediate needs.

One of the disadvantages of this technique i§ that the lack of paperwork extends to some
records. The Project Engineers cxpressed reluctance t¢ commit schedules to paper. This means that if
a project must be rcopened after completion, the paudity of written records about scheduling prevent
others from understanding some of what happened. Furthermore, without documentation to show how
the scheduling is done, this may not be a true personne] scheduling technique.

A second disadvantage is that this technique agd the information it imparts are very difficult to
pass on to someone else if the Project Engineer is aw

or leaves. The assistant, who is being trained

for a future Project Engineer's job, will not necessarily be able to do informal scheduling; he or she
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may not have the background or inclinatiiPn. This means that the assistant Project Engineer in a
construction field office with informal pessonnel scheduling generally is experimenting with other

scheduling techniques and comparing the results with the Project Engineer's scheduling, Often, this

leads to some confusion on the part of the dssistant about how to do personnel scheduling because the
Project Engincer's own method is indescribable.
"To Deo" Lists

The "to do” list level of scheduling, used by 44 percent of the Project Engineers statewide,
includes more variety than the informal leve|, with more detail. This level adds simple documentation,
which usually consists of lists of projects agd project inspectors. Unlike informal levels, planning is
done more scriously, though operations refnains the major focus. Characteristic attitudes include
resignation toward departmental policies and a disinclination (o use microcomputers, though there are
a few exceptions. Below are features typical pf "to do” list systems.

Typical System Features

Planning. Planning is done readily,|but only to fulfill departmental requirements. Almost all
the Project Engineers mentioned that they| list the projects expected to come in and add the key
personnel names. Most expressed interest |in scheduling individuals when they were at the project
inspector level or above (TE-2 or higher) and creating floating crews out of the remaining personnel.
One Project Engincer used the Table of Or panization (TO) to compare available staff with projects;
another listed project inspectors across the tpp of a sheet of paper and projects down the middle for
use in mental matching. A third estimated needs by using engineering costs, project durations and an
estimated inspection cost per person. Balanqng the personnel schedule using the TO is also common.

Plans developcd for the departm ental requests are not usually directly connected to
operations. They may be used to remind the Project Engineer of his thinking earlicr before the job
actually came in house, However, the majoriqy of personnel scheduling takes place after the ad date or
the pre-con. One Project Engineer stated thpt “there are so many variables that, other than planning
for key people and equipment, the detailed scheduling would be a waste of time and resources.”

Another stated that "this type of detailed Manning is not effective with contractor /state/political /

media/weather [sic] adjusted projects.”
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QOperations. Systems that have developed wi

th this technique usually consist of something

similar to Figure 9 (though many variations exist). This figure is a picture of a magnetic board that

uses columns to delineate projects.

person's name, or an equipment number. All projects in

Individual, color

coded magnels contain a project number, a

Hicated on the board are in-house.

The project inspector, assigned to a project from start to finish, and his vehicle number are at

the top of the column with the contract number. No time line is indicated. The remaining magnets,

representing personnel and equipment are distributed agcording to need. Survey crews have a general

"survey crew” magnct, with individual names listed in

contain magnets with unassigned vehicles and vehicles

the survey section. Other marked off areas

that are in the shop for repair or maintenance.

Staff on any kind of leave are also in a separalc sectiop, as are extra tags. Location projects are on

magnets and in separate columns on the left side.

Updating is done in two ways. The chief inspeqtor meets with the Project Engineer frequently

to report construction progress, specifically to ensure ef]

makes personal on-site visits at least weekly to check
contractor's schedule reflects the actual situation. As

generally allows the contractor to "drive” the schedule.

These Project Engineers also focus their atter

[icient use of crews. The Project Engineer also
the contractor's progress and ensure that the

lin the informal systems, the Project Engineer

tion on the personnel in their offices, but to a

lesser degree than is evident in offices with the informal systems. For example, almost every Project

Engineer using this scheduling level mentioned that

operations. Project Engineers ensure that employees W

putting them with experienced supervisors. The attitul

Project Engineer's job but not the majority of it.

Assessment of the Scheduling Process

The units used in the "to do" list process for all

on-the-job training was automatically part of
ho are unskilled in certain areas are trained by

e seems to be that employees are part of the

three dimensions are at a gross scale. Usually,

one of the dimensions is either missing some informalign or absent altogether (such as time). Projects

can be whole projects or broken down into major tagks.

inspectors or chief inspectors by name. Assignments

either contractors’ progress or winter shutdown.
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Personnel assignments arc usually project

arc "permanen!” until a change is required by
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The Project Engincers' attitudes on scheduling §
that detailed planning was seldom justified. Scveral mer

scheduling at one time but had abandoned it because t

ssues vary widely. Most of them would agree

tioned that they had attempted more detailed

e schedule revisions happened too quickly to

allow them to maintain the schedules. Others mentioned the problem created when they cxpecied a

project to come to their office for construction inspectic

had stopped the project indefinitely.

n only Lo find that funding or other problems

Most Project Engineers expressed a lack of condern over "missing pieces” in the schedule. The

schedules fulfill their purpose adequately, to the Project
connected with engincering costs in their minds.
"uncontrollable” at the construction ficld office level, dug

field office, the common response was "cverything will w

Engineers. For example, time was frequently
Because engineering costs were considered

to delays and costs incurred from outside the

rk oul in the end.”

A major amount of scheduling is still based or] the “gut feelings” (experience) of the Project

Engineers. One Project Engineer felt he was overstaffed, but could not pinpoint on paper why he

thought so0. Another felt that the Department does not

ave the flexibility that private companies do in

scheduling and dealing with problem employees. Two ¢thers mentioned that they lacked information

to do reasonable scheduling, which then led them to feel
A variety of attitudes were evident when mid
ranged from one Project Engineer who did not want to
who wanted to use it for scheduling. Some had tried
scheduling of little value to them; others would not us
engineering and too few machines were available.
There are several advantages to this type of

documentation exists that can be used for back up data

uninformed and to "guesstimate” schedules.

trocomputers were discussed. The attitudes
know how to turn his computer on to another
psing the micros, but found the programs for

b the micro because it was too important for

scheduling over informal scheduling. Often,

Paperwork is not increased to a great extent

because of the simplicity of the system. The lisls are avdilable for everyone to refer to without constant

consultation with the Project Engineer. Secondary task lists for slack times can be created as well.

The major disadvantage to this technique is tha

the schedules created by this technique focus on prof

it cannot truly be called "scheduling.” Most of

ects.  Projects almost always are listed first,

personnel are often trealed in lumps or clusters, and yme is missing. Planning is not considered as
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important as operations, and planning and foperations are not necessarily connected, cven tentatively.
With the lack of certain pieces of informgtion comes the inability to anticipate changes that come
quickly, creating a reactive management sityation.
Bar Charts

Bar charts, used by 37 percent of{the DOT construction field offices, are both simple and
complex. They are differentiated by docungentation that includes all three dimensions, the ability to
create histograms and thus balance personpicl usc, and a greater focus on planning, Following is a
compilation of several typical features of bar chart systems. Bar charts at DOT are created in a
manual, computerized or combination of syptems. Two different systems, one manual and the other
computerized, are described; then features chmmon to all systems are assessed.

Typical System Features

Mapual Version. One typical mangal system is partly displayed in Figure 10. It is done on
graph paper with months at the top. The mdnths deliberately cover twenty squares of the graph paper,
representing work days. Along the left side i3 either a project contract number or a project description.
Inside the chart are a serics of colored bars| that delineate the project inspector and assistant project
inspector involved in a project. In the lowkr right corner is a legend matching colors and project
inspector names. Overlapped bars of the same color mean that the project inspector is scheduled to

work part time on two projects.

Each project is divided into at least|three segments: ad date to construction start date, start

date to final records, and final records 1o ¢o pletion date. The project inspector is not assigned to the
first or third segments. If the project inspecfor assignment is affected, the construction segment may
be divided into subtasks. For example, a project may have subtasks such as “procurement” (for certain
materials, this segment dictates the start dat ), "grading,” "structure,” or "settlement.” "Procurement”
and "settlement” do not nced a project inspectpr, so he or she is assigned to a different project.

The manual bar charts are gencrally the simpler ones, with a gross scale for all three
dimensions. They are reasonably quick to crehte, and the focus is more on planning, because they are

static. A mew bar chart must be created each fme major changes occur,
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Computeri

Yersion. The secopd example was created in LOTUS 1-2-3. Two repotts

result from this system: an estimate of a single project's personnel needs and an estimate of a total

office’s personnel needs. Figures 11 and 12 illustrate the two reports.

The first report (Figure 11) lists personnel needs for a project in a table that breaks out major

types of inspection tasks (surveying and v4
classifications are listed in groups under the

date of the week's Monday. The final result

rious tasks under "project quality control®). Employee

tasks. Time across the top is by weeks, starting with the

is person-weeks by classification. The second page of the

treport graphically represents the informatibn in a histogram of personnel use, demonstrating the

weekly needs for each classification for that g

Figure 12 illustrates a similar report
the first column contains the first day (Mon|
titled with the personnel classifications and
second page shows the histogram for total off

Compauterized bar chart systems alm

PROJECT. The combination of manual

roject.
covering the total office. The first page is a table in which

Hay) of a calendar year of weeks. The next columns are

list the total man-weeks required for each week. The

jce staffing needs by weck.

bst always are bascd on either LOTUS 1-2-3 or Microsoft

d computerized systems usually use charts created in

LOTUS 1-2-3 with manually drawn bars sho ing assignments at a highly detailed scale. The LOTUS

1-2-3 charts are as static as the manual ones,
PROJECT, which draws bar charts automati

bar charts and the histograms.

ccause all changes must be entered manunally. Microsoft

ally, requires only a few changes to recalculate both the

Planning. Both types of bar charts afe useful for planning, though the manual ones are more

focused on planning. All of the manual charf
calendar year. All of them list ad dates. Mgq

the month scems to be the important divifion.

personnel are listed.

Updating is done when information i

s cover at least one construction season, and most a full
nths can be divided further into quarter-months, though

Key persomnel or at least classifications of key

available. For the manual chart users, this can be once

per month, but more likely it is once every twp or three months due to the necessity of redrawing the

chart. Balancing involves adjusting the staff t

¢ accommodate project changes: the project changes are

noted and then the bars are redrawn and necegsary adjustments made.,
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Figure 11. Bar Chart Example (Computerized) (Continued)
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Operations. The computerized versions are crcated mainly to deal with the task of short-term
scheduling. The level of detail is almost always weeks or days, classifications and/or personnel names
and project tasks. Monitoring contraclors' progress scems 10 be easicr because several of these Project
Engineers mentioned using the contractor's bar chart {spich as in Figure 13) and making up their own
bar chart to record actual construction progress.

Assessment of the Scheduling Process

For those Project Engincers who are using bar charts to help them schedule personncl, an

increase in computer use is noticeable. In the interviews, Project Engineers mentioned using not only

the two micro programs listed (LOTUS 1-2-3 and Mictosoft PROJECT) but also the mainframe bar
chart (see Figure 14). The mainframe program only schedules project tasks without paying attention to
personnel needed for inspection. Most Project Enggeers want to use computers to help them;
however, they hesitate to use a micro for scheduling when it is so badly needed by others for
engineering,

Bar chart schedulers who usc cither LOTUS [1-2-3 or Microsoft PROJECT frequently add
engineering cost estimates (o the schedule and track fhe expenditure of engineering funds.”® The
tracking is based on estimated hourly costs for personndd and equipment and lump sums for othcr costs
(per diem, office overhead, non-ficld office expenses, gte.). Tracking occurs for both planning and
operations. The purpose of tracking during planning is{to estimate total monthly expenditures for the
project office; this gives the Project Engineer an idea of where shortfalls may occur. During
operations, tracking ensures that enough funds are avpilable (or are requested) to cover remaining
inspection costs for project completion.

One of the attitudes of these Project Enginceds is that they not only recognize the problems
coming to them from the outside but they feel challenged to control, as best as possible, the impact to

their personnel schedules. They are in the position of being more able to anticipate and plan for

BThe expenditures of all construction monies for 4 project in the construction field office arc the
responsibility of the construction field office. A portion|of these monies, based on a percentage of the
contract, are specifically designated for and related to figld office operation (salaries, office overhead,
testing). They also include non-field office expenses (diF‘rict and headquarters administration, lab fees,

h

project site visits by non-field office personncl). The copstruction ficld office is responsible, as well, for
cnsuring that the departmental charges do not overrun the percentage allowed.
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change. Restrictions arc recognized, but they cause

despair.

more tailored procedures rather than a calm

The advantages of bar charts include the ability to do resource leveling, either manually or

using computer generated histograms. Figures 11 and

12 are examples of histograms that can help

Project Engineers balance their personnel schedules. This is an important aspect of scheduling and is

discussed further under scheduling limitations. Othed

toward planning, the addition of missing elements {pe

advantages include a more realistic attitude

sonnel are noticeably scheduled with projects

over time) and the ease of incorporating the computer a3 a scheduling aide.

The major disadvantage of bar charts is the

because the bar charts track detailed information, and t

Information may also be missing. In the case of the ma

because the entire chart must be redrawn. To set up thg

lack of time for updating. This is expected
he input must be gathered from several places.
pual bar chart user, updating itself can be slow,

system is relatively time consuming as well.

One aspect of bar charts that bears mentionirg is that some seem to resemble “to do” lists.

There is an element missing from the bar chart, but it ig
This time, it is a detail level. Figure 15 is a bar chart, |
detail that individuals are difficult to schedule to projed

detail in at least one of the dimensions, could cause the]

matter) to not be a schedule.

Networks

Used by 6 percent of the Project Engineers, al

not one of the three dimensions of scheduling.
ut the personnel dimension is lacking so much
Is over time. This aspect, the lack of sufficient

bar chart (or any other level's graphic, for that

from the same district, networks are the most

complex of all the personnel scheduling management systcms. Planning is considered one of the more

uscful tools for opcrations, projects are broken downy

updating is constant, historic information is kept for 4

into task levels important to the ficld office,

citer future scheduling, and engineering funds

are tracked. The typical features of the system that follow apply to all the systems because the offices

using them developed the system together.
Typical System Features
Planning and Qperations. To these Project

operations scheduling. Seldom are they separated.

75

Engineers, planning is essential and the key to

Though projects arc listed and planned for a
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calendar year ahead, as in most other offices, the typical
the office, about two months ahead of the ad date. Thd
knows the scope, duration and proposed ad date. H{
PS&E and assigns the project inspector (name) and
assumptions about how the contractor will work: si

This becomes the preliminary schedule.

progression begins when the PS&E comes into
PS&E has fixed tasks, so the Project Engineer

b creates a preliminary schedule based on the

cialty crews (surveying, paving). He makes

shift, steady progression, few change orders.

The schedules for all projects are then put togather. Three different programs are used. SPF,

a computer system facility for creating, editing and r
personnel names and project assignments (Figure 16
individual stafl pames along the left side with their ¢
static information: vehicle assigned, duty (such as "drai
location project number or “final records,” hours of wd
notes or scheduled training). This schedule, updated 4
(Figure 17) through the names of the staff, to give a ¢
what projects.

LOTUS 1-2-3 is used to create the chart that ig
17). The names of all the staff are listed down the lef
divided into days, including weekends. Inside the chart
person is assigned to do. For office staff, who work on
the office assistant and the office engineer and his staff]
lent crew members are marked by an asterisk, along ¥
gone. No project identification is included on this docu

Microsoft PROJECT creates lotal project

personnel use (Figures 18 and 19). The projects,

nning files, 15 used to create a master file of
). This is a weekly assignment list with the
assifications. Several columns contain bits of
hage inspector,” "survey crew,” etc.}, contract or
rk, and general remarks (such as annual leave

s required, matches with the second document

bmplete report of which staff are scheduled for

a daily schedule delineating one month (Figure
| side, and across the top is a month's calendar
are hand drawn arrows that dclineate what the
all projects (the Project Engineer, his assistant,
, only leave days are delineated. Borrowed and

pith a Listing of where they came from or have

ent.
at charts and tracks engineering costs and

oken down into inspection tasks (sometimes

labeled by a person's name, indicating a specialty) and per diem, are put into separate files, one for

each project. Figure 18 lists the resources, which inclu@e names of personnel (TT-3s and above), tasks

reserved for temporary employees or lower level technicians (scalemen, etc.) and per diem. The last

resource, JUNECOST, is what has actually been spest to date on the project's inspection, as taken

7
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TUESDAY----
WEDNESDAY - -
THURSDAY - - -
FRIDAY-----
C-3262

C-3275
XE-2624

RK SCHEDULE FOR JURE 22 TO JUNE 26, 1987

5R6-4

WEST FOSTER CRREK BRIDGE 7O EAST FOSTER CREEK
FESUHASTIN CREEN BRIDGE TO MONITOR
DISTRICT 2 - AQBESTOS ABATEMENT

TTI EXAH
HONDAY
LOTUS TRHG
WED Z4th

HONDAY ON
C-3263

A/L WED,
THURS & FRI

LOTUS TRNG
WED 24vh

HONDAY

EXTRA RIGS
586-10
5B13-23
5810-9

5B 3-22

Figure 19. Network Example Report 1
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progress, so that he knows whether the coptractor is on time. Both schedules can be printed out,

resulting in back up documentation for projq
system can be altered to include more infor|
and do use the system in some form with

sources, the schedules are available for anyq

ct records. System additions are relatively simple and the

mation and reports as needed. Also, any of the staff can

n the field office. Updates come from many different

bne 1o sce, the schedules are understandable at all levels,

and the ability to return to the project files affer the project is completed for any reason is enhanced.

Two disadvantages to this system a
work out the bugs, similar to the problem wj
to the field office, the time and expense may

set up. The other disadvantage is that the ley

¢ notable. The first is the time nceded to sct it up and

th bar chart systems. While the ultimate system is useful

cause the Project Engineers to hesitate to do the required

fel of detail and the update are affected by the uncertainty

of activity starling dates. This was recognided as an important problem by these Project Engineers.

This is most likely due to the greater level o
been partially alleviated by the use of the infd
THE LIMITATIONS OF THE CURRENT P
SYSTEMS

Two major restrictions Limit the

management. The first, and most important,

[ detail and requircd immediacy of the schedules, and has

rmal updates.

ERSONNEL SCHEDULING MANAGEMENT

Project Engineer's ability to do personnel scheduling

restriction is that the Project Engineer is severely limited

in his ability to balance his system. With a minor exception, he cannot take advantage of the eatire left

side of the scheduling model, as illustrated by
Chapter 3: under certain limited conditions)

reassigned to another field office or ask to |

Figure 21, The minor exception was briefly mentioned in
the Project Engineer can request that whole projects be

e assigned additional projects. Control of the schedules

used by the Project Engincer for planning ard operations is in the hands of the design section of the

Department (which may get the project dong early, on-time or late) and the contractor. The result is

that the project schedules cannot be adjusted

be done normally, lack of communications

schedules are frequently turned into the offi

consists of difficulties in communication and

because the capacity to do resource leveling is unable to
commonly occurs and unreliable contractors' progress
ce. The second restriction, affecting the resource pool,

perceptions about departmental policies. Weather, an
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important though neglected clement in scheduling, affects but does not limit the total scheduling

process. Each of these limitations is describg

Proj hedule Limitation

Resource Leveling

d in more detail in the following section.

As mentioned, resource leveling angl the graphic representation of personnel use, histograms,

are an important aspect of scheduling. For

the DOT, resource leveling, especially in the construction

field offices, is essential for two reasons. Thé first is that highs and lows of personnel needs are part of

scheduling and caused by the seasonality
Department limits each field office to a certs

and valleys.

of the construction process. The second is that the

bin level of permanent staff somewhere between the peaks

An important part of resource leveljng is the process used to do it. The normal procedure is

to examine a project schedule or series of p
shift the non-critical items around so that tH
made level). This works well with specialty of

Unfortunately, major limitations

Foject schedules closely, usually in network diagrams, and
¢ resources (personnel) are evened out (the histogram is
Fews that cannot be on all projects simuitaneously.

affecting resource leveling arc operating within the

Department of Transportation. Because of the way the construction field offices are currently set up, a

project cannot be closely examined for resout

until two months (maximun

the leveling, which begins ta

little prior notice, making r

exercise; and

the field office does not cor

ce leveling for three reasons:

the construction ficld officg does not know for certain about a project's assignment

» frequently less) before the ad date, leaving little time for
be required at least a year in advance;
trol the date, which changes frequently, quickly and with

bsource leveling for more than in-house projects a futile

Project Engineers cannot apd do not coatrol contractors’ progress schedules and so

can only gucss the task schequle for resource leveling.

The potential solution to this lies in

p slightly altered focus. Two obvious imbalances occur in

many construction ficld offices: peak construgtion periods when everyone is used, and winter shutdown

when no one is needed for construction. The

trefore, the focus becomes the resource pool rather than




the project schedule. Instead of altering the timin

g of project tasks, mew positions, temporary

employees, lending/borrowing crew and other alteraions are available. Furthermore, the Project

Engineer can establish a secondary task list consisting
for slow periods when the inspectors and crews need
This requires careful judgment so that people are not §
peak period.
Lagk of Communications
The lack of communications primarily affects

construction field office. One communications lack ocd

bf items that need to be done but that can wait
jomething to do while waiting on a contractor.

pdded with nothing to do and subtracted at the

the planning of preliminary schedules in the

urs between the design and construction offices

during the Design Report and PS&E stages. The cogstruction field office is seldom fully informed

about the project it will be inspecting until approximaty

the amount of time is even less. Furthermore, the ad

ly two months before the ad date; many times,

dates can change forward or back at any time,

and the construction field office is not always notified ¢f the change. Figure 3, in Chapter 2, indicates

more than project cycles,; it also indicates communication lines (or lack thercof).

An example of this type of communication pr

through State Aid, accepts the responsibility, when reqi

county projects. The project frequently is nol assi

pblem was given in the interviews. The DOT,
ested, for inspecting the construction of city or

ed to the DOT field office until just before

construction (i.e., after the award date). With such Ilftle notification for these projects, the Project

Engineer must scramble for inspection crew, which can jmpose hardships on his schedule.

This lack of notice about projects and ad date changes tends to limit the project office's

planning to notifying the district office of what the fiedd office feels (guesses) it nceds in the way of

personnel and equipment for the next season, with a
stated that "the need for quarterly personnel reports seq
of preliminary schedules. Many of the Project Enging
avoid having to deal with as many changes as are expect
The Contractor's Progress Schedule
Project schedules for operations within the fie

the contractor's progress schedule.

87

igh level of inaccuracy built in. One engineer
ms to be the controlling factor behind updates”
ers limit their view of planning deliberately to

ed.

d office are often based, or partially based, on

A contractor's grogress schedule is required for all projects




awarded by WSDOT [Standard Specification

S.

» Section 1-08.3] and varics from a simplistic bar chart (o

a formal, complex and exceedingly detailed fietwork (or CPM). The most frequent type is the simple

bar chart, as in Figure 13; Figurc 22 shows
diagram used on a multi-mitlion dollar projdc
consuming project.

The purpose of the contractor's pr
intends to do, approximately when in work
Engineer must approve the schedule beford
Provisions specifically requires it, the Project
to be based on a CPM or equivalent [Standar

The major limitation of constructig

schedule is directly related to the problems e

detailed and updated contractors' schedules.

contractors' schedules that he must work with,

two CPMs, the first a small corner of a complex network

t, and the second used for a much simpler and less time

pgress schedule is to tell the state what the contractor

days and what the critical work items are, The Project

the start of construction. Unless the contract’s Special

Engineer does not request a CPM, though the bar chart is
d Specifications, Section 1-08.3].

n field office scheduling from the contractor's progress
ncountered by the Project Engineers: the lack of reliable,

Though the Project Engineer may assume, from the poor

that the contractor does not know how to schedule, this

may not always be the true situation. Some contractors are reluctant to give accurate schedules

because of working day charges. Until contt
this assumption must remain unverified. The
it limits the reliability of the construction ficl
adjusting the personnel schedule.

Limitations on the Construction Fig
use the contractor's progress schedule to help
that several problems inherent in the contrad

the construction field office. One problem is

the project other than as a list of major tasks

actors’ progress schedules are examined in more depth,

inaccurate schedules affect the project office in two ways:

 office's schedule and limits the techniques available for

id Office Schedule. Many Project Engineers attempt to

them schedule their own crews. The interviews revealed
tor's progress schedule limit the use of that schedule for
that often the schedule submitted has no relationship to

and predicted project duration. All the contractor needs

to show is how long a major task will take. Hie does not need to break down the tasks into categories

uscful to the Project Engincer. Another proj
the time allotted for the project, with as man

practice, these schedules are not realistic.

blem is that often the contractor's schedule will fill all of

y tasks as possible delincated as critical. In actual field
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The experience of the Project Engineers
contractor, when asked for weekly updates, handed in
over again until he absolutely had to change it), hard

took more work to get some contractors lo upda

untrustworthy (the contractor does not bother to folloy
in two ways: they rely on the conferences with their pa

own assessment of the situation and compare the reality

Updating the contractor's progress schedule

Standard Specifications state as follows:

has been that updates are inadequate (one
the original schedule without changes over and
o get (the Project Engineers mentioned that it
fe than 1o get the project completed), and
I the update). Most Project Engineers respond
oject and chief inspectors, and they make their
with the contractor's schedule.

(the master schedule) is very difficult. The

The Contractor shall submit supplementary pyogress schedules to accurately reflect

the times of construction and any delays wh
performance of the work.

The progress schedule and supplementary prog
the time and order of work requirements of th

If a contractor is behind or his work progress differs r

th may have been encountered in the

press schedules shall be consistent with
contract. [Section 1-08.3}

pdically from the original schedule, the Project

Engineer formally requests an updated schedule. Unfgrtunately, interviews with the Project Engineer

established that most contractors are reluctant to f

become time consuming and result in inadequate and/

caused by the contractor's progress schedule on the te
based mostly on the reluctance of the construction fid
might cause a construction delay.”” Over half of the 1
alter his or her schedule at all (Table 17, Chapter 3), an
even though the Standard Specifications, some cont

notification procedures.

A delay caused by anything that the DOT does, A
against the state by the contractor and can cause increaq
EOCs Lo court or not.

91

nish the updated schedule; the process may
dated information for the Project Engineer,

ice Personnel Schedule. The limitation
thnique of balancing the personnel schedule is
id office Project Engineer to do anything that
Project Engineers do not ask the contractor to
d the rest are reluctant to do so unless pressed,

ract specials and other rules require certain

thether in the field or office, is basis for claims
es in actval contract costs, whether the claim




For example, construction staking fcquires three days' notice [Standard Specifications 1-05.5],

and shift work requires seven days' notice union rules], neither of which are always given. Updated

schedules (weekly plans for construction) afe also required in certain contracts. District 2 writes into

every contract:

In addition to the requirements of]
Contractor shall submit a weekly sch

section 1-08.3 of the standard specifications, the
edule to the Engineer.

The schedule shall indicate the Coptractor's proposed activities for the forthcoming
week, along with the hours of work fo permit the Engineer to more effectively provide
the contract cngineering and inspecfion for the Contractor's operations.

The written weekly activity scheduje shall be submitted to the Engineer before the
end of the last shift on the next |to last working day of the week preceding the
indicated activities, or other mutually agreeable time.

If the Contractor proceeds with wo
in a scquence differing from that

k not indicated on his weekly activity schedule or
ich he has shown on his schedule, the Engineer

may rcquire the Contractor to delay unscheduled activities until they are included on
a subsequent weekly activity schedule.

Other districts, depending on the contract,
The problem of reliability surfaces]

Engineer. On simpler, more straightforwa

y ot may not have similar special provisions.
again when such updates are handed in to the Project

d projects, the updates probably are not necessary. On

larger projects, if the Project Engineer gets 4n update, he is often reluctant to hold the contractor to it

even when the contractor does not follow [it, These unreliable updates and the reluctance of the

Project Engineer to enforce the schedule pdq
over the contractors' schedules and thus
assignments,

Resource Pool Limitation

The resource pool can be limited Y

ints out again that the Project Engineers have no control

cannot alter the task schedule to balance the crews'

y communications difficulties and the Project Engineer's

perceptions about departmental policies. Thf communications gap is between the district construction

section organizations themselves, while the 4

perceived.

cpartmental policies may or may not be the way they are




Communications. Several districis experienc
construction section organizations, and these difficultid
of this communication gap varies from district to distri

One way to solve the problems of both too
available is to adjust the resource pool by adding or |
limits the number of permanent personnel in each ficld
always available, theoretically the pool can be adjus
Both are done frequently, though the geographic lod

intensity of the district rivalries, egocentricities and pos

b communications difficulties among the various
s directly affect the resource pool. The severity

ct, from almost non-cxistent to severely limiting.

many and too few crew members for the work

ubtracting personnel. Because the Department
i office, and because temporary positions are not
ed by borrowing or lending of crew members.
tations of the construction field offices and the

ition protection can affect the solutions.

The geographic spread of field offices impopes the requircment that any construction field

office located away from other field offices (as is the {

tase in several districts) must pay per diem costs

to borrowed crew members unless the project to be nspected is close to the other construction field

office. This can cause engincering cost overruns and

however, more easy to solve than the second.

is not done unless necessary. This problem is,

The rivalries, egocentricities and position protection problem mentioned can engender at least

three related responses. By most district policies, wheh a Project Engineer understands that he has too

many or too few staff, he is to let the district construction office know. The district construction office

then finds a way to help the Project Engineer with bis
(either design or construction) that can lend crew orf

permanent transfer on the part of any personnel.

resource pool problem by finding another office

use more personnel. This is not considered a

The first response that the problem causes |s fear in many Project Engineers that another

Project Engincer or organization is going to try to hol
the problem exists. The borrowed crew member is g

schedules of the office, by which he or she knows w

d on to the abscnl crew member for longer than
ven a specific time frame, based on the project

hen he or she will return to the original office.

However, sometimes the best pcople, when lent, have ot been returned in good time or when needed,

and the original construction field office has been stuck.

Related to the first response arc two other §

Project Engineers. One of the ways that the Project |

cactions, also based on the personalitics of the

Engineers have reacted to this is by first offering




problem!® employces and less able or less experienced employees for movement between offices. A

second reaction has been to not let the diftrict know about the field office's scheduling problems

(deliberate isolation),

Some districts do have excellent communication patterns. These districts arc marked by casy

lending of good crew when necessary, high morale, better communication between design and

construction and fewer rivalries, egocentricit

cs and position preservation. Information flow is open.

With more open communication, project sch rduling is easier, especially in the matter of crew shifting,

Problems that come up are discussed rathe} than ignored, and solutions from other engincers are

acceptable rather than perceived as take over attempts.

P ions. The resource pool is

Engineers perceive headquarters and district

at headquarters behest, are making an effo

personncl costs; the Project Engineers percei

Iso affected by how the construction field office Project
policies and how they interpret these policies. Districts,
to enhance productivity while cutting costs, especially

this ncgatively.

One of the ways the Department has|been expecting to enhance productivity is through design

centralization, as mentioned carlier. The Project Engineers have perceived this policy as affecting their

resource pool, as well as their project schedules, negatively. In the summary of the topic "Centralized

Location” in the proceedings from the 1986 st

tewide Project Engineers' meeting, it states, in part,

The discussion then swung to the [question -- is centralized location a positive
influence on the department? It was felt that people in a centralized location become
too specialized and pigeonholed, that|they become stagnant and stop growing in their
development, and possibly even careps . . . . It was felt that location jobs need to be
in all field offices for employee develdpment and training. Employees need to be well
rounded, motivated to perform varyinp tasks and given a feeling of accomplishment in
new arcas. With smaller jobs comingout in many of the districts, the need to balance
manpower with a winter workload of focation work seems to be a necessity . . . .
[Olnce the location and constructi people are in separate offices, besides the
obvious lack of cross training, there if no mix of the location and construction people
on an informal basis that is utiliz4d in many cases to communicate and solve
problems . .. . It is felt that a lot [of improvements that are made to jobs come
strictly from knowledge gained duripg construction while keeping up with design
standards obviously helps the quality of all work . . .. A well balanced mix of
construction and design work is, frofn the project engineer's standpoint, the most
desirable working environment [Vand¢hey, p. 21-24).

Bproblem employees are permancnt crew members who scem unable to handle normal job
stresses and are constantly on Icave with or without permission or unable to complete a project cither

correctly or on time. Every Department organ|

jzation seems to have at least one problem employee,
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Certain districts are attempting to avoid this p
such a way that the construction field office still does the
of the employees as possible broadly based experience
located close to one or more construction field offices
office and only concerns itself with directing the design

projects.

foblem by interpreting design centralization in
majority of the design work, allowing as many
5. The central district office, especially if it is
, assigns most of the design work to the field

process for each project or designing specialty

The second way that perceptions affect the resqurce pool is based on the reduction in number

of permanent staff within the construction field offid

. The Department has cut the number of

permanent field office staff to a minimum based on project assignments because fluctuations in staff

needs are so great within the construction field offig

removed one of the basic resource leveling technigues

es, especially since design centralization has

available. The intent is to employ temporary,

seasonal and project employees as "fillers,” hiring and rglcasing them as warranted. This has given rise

o a concern about quality control in inspection. Fews

crews; more on-the-job training is required; and more fi

r expericnced personnel are on the inspection

tld errors and lawsuits may occur.

A third type of perception affecting the resogrce pool more indirectly surfaced during the

interviews with the Project Engineers. Many of the Pr
the primary purpose of the construction field office was
in fulfilling contractural obligations. In response, the
the contractors' needs first, straining the resource pool
be one reason for the emphasis of the Project Engined
range planning.
Weather
Weather is largely ignored because it can bg
affects much of what happens in construction and must
basic weather patterns, caused by location on the east
somewhat similar.
Most contracls contain several tasks thal are

season of most contracts to about April, when the weatl

pject Engincers mentioned that they perceived
to ensure that the contractor was not delayed
Project Engineers aim toward accommodating
to its limits and beyond. This perception may

Fs on reactive management rather than longer

taken into account automatically. Weather
mever be minimized. Though the state has two

or west side of the Cascades, the effects are

vcather sensitive. This limits the construction

her begins to improve, through Oclober, when
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schedules. Operations scheduling must in

tasks and available personnel projected ovq

tlude a way to see clearly the complete day-to-day office

r the short term. Ideally, the system should alse include

longer range planning aspects that allow 3ssessment of the impacts of schedule changes, although

unreliable project schedules do limit detailed personncl scheduling to a period of a few weeks.

To

maintain efficient use of resour¢es, specifically of human resources, means to upgrade the

resource scheduling so that unnecessary praks and valicys do not occur. Currently, much of the

scheduling done is "hit or miss guesstimatid

work demands on available personnel intef

n” that can easily result in extremes: periods of excessive

mixed with periods of excess personnel. The personnel

schedules must be able to deal with the peaks so that project delays due to unavailable or unqualified

people are avoided, and with the valleys so tH

Documentation is the maintenance

progress and personnel assignments and

utilization.

at unnecessary non-productivity does not occur.

pf records that chronicle the relationship between project

Currently, much of the documentation is

haphazard, used mainly to fulfill departmental requirements. A secondary use, not often found, is to

docoment where personnel have been ass
substantiate personnel requests made to dist
provide all staff with reasonable schedules,
balancing,

Ease of use underlics the entire syst

not casily usable. The data collection and p

out. This includes the original compilation 4

going basis. Furthermore, the documents thy

construction field office.

ESSENTIAL SYSTEM REQUIREMEN IS

System requirements can be defincd

outputs. The tnputs are the data that must be

manipulations of the data that create productg

uscful information, fulfilling its purpose.

gned. Consistent and formalized record keeping can

Fict and headquarters, track office staff scheduling trends,

and be used as historic data for future forecasting and

em as an objective. The system will not be helpful if it is
focessing necessary for the system must be easy to carry

pf a schedule as well as the maintenance of it on an on-

t result must be clearly understandable by anyone in the

in terms of three basic components: inputs, processes and

collected for the system to function. The processes are

. The outputs, or products, are how the system supplies
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The discussion that follows presents an overvicw of these components. Products most clearly

indicate the purpose of the system and thus significantly definc the other components. Consequently,

outputs are presented first. Processes are presented nejt to provide a step-by-step analysis of what the

system must incorporate to function. These products apd processes sections are divided into planning

and operations which, though interrelated, have specific purposes to fulfill and maintain,

The basic system objectives could be met through the production of three standard reports:

Svstem Products
. a Personnel Projections Schedule,
. a Quarterly Personnel Summary, and
. a Daily Personnel Assignments Schedu}

[N

The first two would be specifically planning reports and [he last would be an operational report. While

the Personael Projections Schedule and Daily Personne

Assignments Schedule would be similar, each

would serve a very different purpose. The planning pchedule would focus on gross projections of

resource demand for long-term scheduling while the opgrations schedule would address assignments of

specific personnel for short-term scheduling.

None of these reports would be specifically aimed toward providing historic records,

However, if they were maintained, they could furnish historic information upon which future planning

and operations scheduling judgments might be based.

This is important for two reasons. First, the

Project Engineer could substantiatc any requests for personnel with office history, especially if the

same contractors were repeatedly awarded contracts. §

econd, the history would furnish a basis from

which new Project Engineers could make scheduling judgments.

Planning Products

Personnel Projections Schedule. Figure 23 illystrates the general format of this report. The

scales would be at a low level of detail: time in weeks

personnel in crews and classification levels, and projects

{or quarter-months) over a two-year period,

at gross level of tasks. The two-year term has

been chosen to represeat the biennium unit used for mych of the Department's planning. Each of the

four sections of the report would offer different informa

ion important to the Project Engineer,
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The first section, the bar chart on the top left of Figure 23, would be the main schedule
overview. It would illustrate crew requirements by weck for cach project. At a glance, the bar chart
would provide ar overall picture of project activity For the entire two-year period. Information
displayed on the chart would include when work on eath project would be needed and the crew type
required.

The sccond section on this report, below the bar chart and labeled "Crew Summary” on Figure
23, would provide a summary of how many crews would be required for each time period. Coupling
this with a table of the classification levels that make i:p each crew (the "Crew Composition” on the
mid-right side of Figure 23), which is static information that would be located in the third section, a
projection of the number of personnel needed in each classification level could be generated, as shown
in the bottom section {labeled "Personnel Summary”). This information could be directly summarized
for the Quarterly Personnel Summary, below.

Quarterly Personnel Summary. Quarterly Personncl Summary reports, similar to Figure 24,
which indicate the projected person-months needed in the field office for construction, location and
administration, would be sent to the district and headdﬂuarlcrs every three months to help them plan
future personnel nceds. As noted above, this report could be compiled directly from the classification
demand figures maintained in the Personnel Projcclions‘, Schedule.

Operations Product

Daily Personngl Assignments Schedule. Figure 25 illustrates this report's general format, a
bar chart showing how each person is scheduled over fbur wecks. The scales would be at a fine level:
time in days covening a four-week period, personne! qy individual names and classification level, and
projects broken into tasks at each point where the siz# or type of crew changes. Below the bar chart

would be the project summary, which would list each project's tasks and total the number of personnel

assigned daily to each task. |

The Daily Personnel Assignments Schedule »Trould cover a time period of only four weeks.
This would minimize the work required to create and maintain the schedule. If left as is, the reliability
|

of the operations schedule after 1wo weeks is reduced, but usabie; by four weeks, without alterations, it
\
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Figure 25. The Daily Pergonnel Assignment Schedule
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usuaily is drastically reduced, though some |of the schedule is still operational.

intended to forecast longer term future

This schedule is not

rsonnel use; rather, it is to provide a dynamic window

reflecting the constant changes to enable thé immediate scheduling problems to be anticipated. Four

wecks has been chosen as the outside limit fdr maintaining a reasonable operations schedule.

The other scales arc more sclf-explanatory. This schedule is intended (o assign individuals to

specific daily tasks; adequate scales to do thi
this report would show, at a glance, to whicH

highlight what projects were lacking assignm

project’s task. Blanks in a person's scheduld
and work load demand. Similarly, project s

would indicate the need for additional or read

Summary

All of the information in the propos
some configuration by one or more of the Pi
presentation and use is not uniform throughd

to offer a systematic method of capturing a

quickly and accurately as possible, given the 1

System Processing Overview
The system process is specified her

previously described. The steps required to

schedule are presented along with description

Steps to Create the Personnel Projec|

The process would be initiated by th
the project assignment was known, the projec
tasks based on crews and crew demand would|

the process required to achieve both the Pers]

Summary.

are required. As a result of the use of these three scales,
1 project each individual was assigned daily. It would also
ents and who could or could not be reassigned to another
would highlight imbalances between available personnel
ummaries showing too few personnel assigned to a task

signed personnel.

¢d products for this system is currently being produced in
oject Engineers. As indicated in Chapter 3, however, its
ut the construction field offices. The design challenge is
pd processing dala to generate these products as easily,
imitations within which the project offices are opcrating.

4 as a series of steps necessary to generate the products
incorporate the project into the construction field office’s
$ of the information needed to accomplish the step.

ions Schedyl

f assignment of a project to the ficld office. As soon as
would be related to a calendar, it would be broken into

be determined. Figure 26 is a flow chart that illustrates

pnnel Projections Schedule and the Quarterly Personnel

104




Information Needs Processing Steps Products

Project
Assigned

Project to
Field Office

o —

Project
identification

Calendar

<

Project
Start/End

Stant Date '

Project
Finish Date

Project

Progression

Task

Estimated Breakdown

4

List of Tasks
and Durations

Task Duration

Crew Types Assignments

\

Personnel
Projections
Schedule

l

/_

Calculations

Quanrerly
Personnel

l

Figure 26. Flow Chart for Personnel Projg
Personnel Summary
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The Calendar Step. The first step i

master calendar. This would be essential for

expected to be completed. Three pieces of

identifier (the L or C number,! other numbx

the planning process would be to place the project onto a

estimating the time periods over which the project was

information would be required for this step: a project

r or unique name), the first date anyone in the office was

expected to begin work on it, and a date for the project’s completion.

Though seemingly simple, establiship

casily done. For example, it is difficult to detp

lists of projects that include an ad date. Fig

& meaningful beginning and ending dates would not be
rmine a reliable beginning date. Several districts publish

re 27 is an example shcet from such a list. The ad date

could be used to approximate PS&E arrival, when an inspector might be assigned to review the project

and when preliminary staking might be done.| Other dates might be estimated from the ad date as well.

Therefore, the major concern would be whet
The system must be able to accommodate the

The end date would be theoretically ¢
on the list above), or number of work days, t

records completion. The translation of a p

reflect possible delays, such as weather, The

cr the ad date, the basis for all other dates, was reliable.
fluctuating ad date and adjust beginning dates casily.

ctermined by adding the project's duration (not available

b the start of construction date, with time added for final

roject's duration in work days into calendar tasks must

se of either Table 18 or 19 would be one way to estimate

weather delays on workable days and relate them to the calendar.

These tables project the average num
of the year, based on whether certain contract
any location, these tables could be used to est4

Depending on the status of the Desig
the design office. Another source that mighd

Capital Program Management System (CPMS)

PLocation (L) and contract (C) numbers
projects. L numbers are for the Design Repor|

while C numbers are for construction and assig

DCPMS is a program being developed to
MMIS, into one large system for better manag

personnel and budget. At this time (carly 1984

1088.

r of construction working days available in each month
elements can be done in winter. Though not specific to
blish a rough estimate of a project's calendar duration.

m Report or PS&E, duration might be available through
help determine both start and end dates would be the

).20 Though the system is not fully functional at present,

are internal accounting numbers used to identify
} and PS&E and are assigned at project conception,
ined at the ad date.

incorporate a number of separate programs, including

Fment of the entire Department of Transportation's
» installation is expecied to be completed by the end of
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Table 18. 130 Work4

ble Days With Winter Shutdown

Jan Feb | Mar | Apr |May |[[un |Jul Aug |Sep |Oct |Nov |Dec
0 0 0 13 15 17 20 20 19 16 10 0
Table 19. 185 Workabk Days Without Winter Shutdown
Jan Feb | Mar | Apr [May |Jun [Jul |Au g | Sep |[Oct |Nov |Dec

10 10 12 13 15 20 20 20 20 20 i5 10

Both tables are from: Waahmgton State Dgpartment of Highways. Man

Manpower Management
No date. Manual Number
In this manual, the tablu are Table 2 and Table 3,

MI11-01, Page 5A-22{
dated January 1986.

V.
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the Department expects the CPMS data bank to provide personnel and project information for

construction planning.

Information for CPMS is Hased on methods of inspection from actual

construction projects, which have been broken down irfto a gross schedule of tasks. This information

has been used to create a base average for per-day progress on tasks. These averages, generated from

quantities and not dollar amounts, are compared to g

the amount of time it will take to complete construction]

tities expected on a new project to cstimate

The reports generated from CPMS also allow

time for potential delays. The result is a preliminary gchedule for the project. However, as projects

increase in complexity and uniqueness, the ability

decreases.

f the program (o estimate personnel needs

Figures 28 and 29 illustrate two forms of CPMIS information. Figure 28 is a single project's

gross task breakdown, with estimated beginning and cpding dates. The ending datc includes a short

amount of time for final records. While this may not
useful as a basis for projecting task breakdowns and
expected to be assigned to the field office and gives 3
when the project is expected to start and end. Using
work and shorten the time required to do this step and
to those illustrated are only available on a monthly basis
to date.

The Task Breakdown Step.

This step would

different crews would perform. The task breakdown ¥

be exactly the form needed, it would still be
limitations. Figure 29 lists all the projects
general idea (by person-months assigned) of
tither or both of these reports would ease the
he next. However, at this time, reports similar

| and information on them is not necessarily up

involve breaking the project into tasks that

fould be necessary to match crews (o projects.

Two pieces of information would be required to Break down the tasks: the probable project

progression and the estimated duration of the tasks.

Two sources might be available for this information. The first would be the design office,

which prepares the Design Report and the PS&E, if the
be the CPMS information mentioned under the prev

Enough project information must be available to the cg

design is far enough along. The second would
Jous step, especially the report in Figure 28,

nstruction field office to permit tasks and task

durations to be generated, resulting in projects listed with tasks over time.
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The Assignments Step. This step would brirg together the information from the first two

steps and determine crew demand by project. To do

For each project task listed on the calendar, the numbd

Lhis, crew types would be assigned to projects.

F of each kind of crew required to carry out the

task would be noted for each week. This number would not have to be limited to whole numbers;

partial weeks or multiple crews by week could be ind]

cated using decimals. For example, .5 would

indicate a crew needed for a half week; 1.5 would indic4te that more than one crew was needed for the

week.

The Reports_Step.
remainder of the Personnel Planning Schedule and the
the demand by time period by crew type, the crew
Extending the crew type out by the number of persons {
termed the personnel summary,

The Quarterly Personnel Summary would bg

Alfter the assignments Had been made, calculations would fill in the

Quarterly Personnel Summary. Gencration of
summary of Figure 23, would be done first.

jer crew would lead to person demand by week,

generated from information located on the

Personnel Projections Schedule. The personnel summdry section would be an estimate of the number

of personnel by classification by week (or quarter-mofith) required in the field office. The monthly

average of personnel by classification could be calculated and added together for the office totals

required on the Quarterly Personnel Summary.

Planning Steps Summary. The process to pr

pduce the Personnel Projections Schedule and

the Quarterly Personnel Summary generally builds on {nformal patterns currently used by the Project

Engineers, The proposed system is not intended to cov

er specific individuals or highly detailed project

tasks. It must allow for two types of flexibility. The f#rst is easily adjustable start and end dates that

incorporate new information as it becomes available.

reports, of which the second report is dependent on thd

The second is flexibility in producing the two

first. Furthermore, the system must recognize

variations in types of data available and permit thc Pdoject Engineers to usc their own judgment in

assessing future total crew needs for project tasks.

While only required on a quarterly basis, the

Personnel Projections Schedule can be updated more frequently in the event of significant, near-term

project changes.
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The opcrations schedule process,

| Assignments Schedyle

while similar to the planning process, would be more

complex and would have to be more immedigtely available. Figure 30 is a flow chart that illustrates the

process that would be required to create and
arrival of the completed plans for constructi
assigned responsibility for the construction
might have to begin carlier in anticipation
house,” specific individuals would have to be
The_Project Task Schedule Step.
related tasks and associate these with a dail
cover a maximum period of four weeks, allg
weeks rather than for the entire project. Eg
type changed. Information required to do th

the project plans, the ad and/or construction

maintain the Daily Personnel Assignments Schedule. The
n, the PS&E, would confirm that the field office was being
of the project. Preliminary scheduling of crews to tasks
pf receiving the PS&E; however, once the PS&E was “in
pcheduled to specific project tasks.

The first step would be to convert the project into crew
f calendar. As indicated earlier, the daily calendar would
wing the detailed task breakdown to be for the next four
ch task’s duration would depend on where a crew size or
P task breakdown would include the project identification,

ptart date and total project duration.

Sources for this information would ipclude the project task breakdown previously done for the

planning schedule, the PS&E and the De

schedule would include a basic outline of (he

partment’s CPM. The information from the planning

project, which could then be refined with the PS&E and

the Design CPM, if it was done. Plan quanfties, found on the PS&E, could be used to estimate the

amount of time tasks would take, giving a prg

of task duration would also include an assess

by design problems, contractor dclays, weathd

operations schedule must retain the flexibilit

while refining the level of detail.

The Individual Assignments Step.

defined project task. The information requird

liminary estimated duration for inspection. The estimate

nent of potential delays and accelerations brought about

r or other rcasons. In completing this step, however, the

y of the dates found in the planning scheduling process,

Here individuals would be assigned by name to each

d for this matching would be a list of all members of the

office staff and their classification levels, anfl the list of tasks and durations developed above. A

preliminary determination would have to be

the crew to be on overtime or per diem. The

pade at this time about whether the tasks would require

result would be a table with columns listing project tasks
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Figure 30. Flow Chart for the Daily Personnel Assignments Schedule

117




and rows listing individuals; entries at the juction of the columns and rows would indicate when the

individual was assigned to a task.

The Schedule Step. Combining th

 information from the first two steps would create the

proposed operations schedule. The daily tagks that cach person was assigned would be noted for the

next four weeks. As in the case with crews d

tasks on a less than full day basis using decim

n the planning schedule, individuals might be assigned to

als to indicate partial days. The result of this step would

be the ability 1o summarize on a daily basis he allocation of individuals to projcct tasks. Any days on

which a person was not scheduled to any task

The project summary would also be
of the schedule, each task would be outlined
be totaled. The completion of this table v
assigned to a task.

The Evaluation Step. After the sch

determine its acceptability. The two criter]

for was scheduled to too many tasks would appear.

created during this step. In the project summary portion

pnd the numbcr of individuals assigned to that task would

ould indicate when too few or too many people were

tdule had been created, it would have to be evaluated to

a of concern would be whether all project tasks were

adequately staffcd and whether all persongel were committed at, or close to, 100 percent time

throughout the period. If adjustments w

adjustments were required, revisions would h;

re not necessary, a usable schedule would exist. If

ve 10 be made.

As noted in earlier chapters, three alrrnativcs for balancing the schedule are usually possible:

adjusting the project task schedule, adjusting

Adjusting the project tasks schedule would

e resource pool and adjusting the resource assignments.

require that the task start and end dates be altered

arbitrarily to fit, which is not generally consifiered a realistic alternative. To do the second or third

adjustments would require reassessing the

personnel or altering the assignments in t

completed, the result would be the Daily Per

these changes to be made easily so that variou

The Monitoring Step. To keep the

individual assignments and either adding or delcting
he table created earlier. Once these revisions were
sonnel Assignments Schedule. The system must permit

 alternative assignments can be tested if necessary.

Daily Personnel Assignments Schedule current would

requirc collection of the best information afailable on task start and end changes and personnel

adjustments possible over the next four weekd,

The intent is to update the schedule at least weekly; if
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more time passed before an update, the schedule's use
sources, the project inspector and the contractor, would

The project inspector could furnish informatid

fulness would be reduced greatly. Two basic
be available for this information.

bn about project task progress either through

formal, written weekly updates of the schedule, or through informal weekly crew meetings. The formal

update could be an arrangement in which the Project Eggineer handed the inspector a list of scheduled

tasks for the next four weeks and the inspector noted §
and added any not on the list. The crew meetings wou
estimate whether they were continuing or were expectes
new tasks expected to begin in that time period.

Tasks that had been projected to occur over th

phether the tasks were likely to occur or finish
d review the progress of all the assigned tasks,

| to finish in the next time period and note any

e next four weeks could also be reviewed with

the contractor in weekly meetings. The contractor would be expected to provide verbal comments on

the reasonableness of the schedule rather than written ypdates, unless the contract required the written

form.

After current data about the project tasks al
collected, the Daily Personnel Assignments Schedulg
changes. 1f changes had occurred, the project task sg
have to be reiterated. The result would be an upda
Schedule every week covering the next four weeks.

Operations Steps Summary.
Schedule would be similar to the planning process ang
alrcady established in the ficld offices. The proposed sy
daily detail over short time periods. It must also be f]
individual assignments as new information becomes av3
on upcoming changes. This schedule is also expected td

a level of accuracy as possible.

Component Interactions

nd upcoming personnel availability had been
would have to be reviewed to identify any
hedule and individual assignment steps would

cd and current Daily Personnel Assignments

The process fo produce the Daily Personnel Assignments

l would be based on similar informal patterns
Etem is expected to cover specific individuals in
exible enough to allow constant adjustment of
ilable, while maintaining a slightly longer view

be updated at least weekly, 10 maintain as high

The planning and operations components of the system arc expected 1o intcract in two ways.

First, the planning schedule could be used as the ini
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jal project task schedule for operations. The




planning schedule, if available, would be

clined as necessary to meet the detail requirements of

operations. Second, current operations information on projects in progress would be periodically

incorporated into the Personnel Projections

Schedule. Remaining tasks and their projected start and

end dates would have to be used to update that project in the planning system. This process would be

done at least quarterly, and ought to havt becn done whenever the operations project schedule

indicated a very different progress from tH

c original planned schedule. The interacting processes

would result in easicr scheduling methods angd better foresight into potential scheduling problems.

SUMMARY
The system design concepts presentd
requirements for meeting the objectives, are

already used in the DOT field offices. TH

d above, which include the system objectives and essential
a series of steps based deliberately on informal processes

¢ proposed process would usc available information to

produce three reports, the Personnel Projecjons Schedule, the Quarterly Personnel Summary and the

Daily Personnel Assignments Schedule. Bd

sides offering a unified method of personnel scheduling

management, these reports might be maintalned for historic records, These records would offer the

advantages of future projections based on
managcment changeovers when necessary.

further design and implementation of the per

past performance and requirements and easier office

The next chapter describes three possible approaches to

onnel scheduling management system.
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CHAPTER

6

SYSTEM DESIGN APPROACHES

INTRODUCTION

Three approaches to the concepts of the p
presented in this chapter, one manual and two compute
and disadvantages, which are noted. The availability of

programs, LOTUS 1-2-3 and Microsoft PROJECT, has

prsonnel scheduling management system are
 based. Each approach has its own advantages
two departmentally supported microcomputer

been the reason for selecting the two computer

based approaches, the spreadsheet and the network. Other approaches may also be possible as long as

the system objectives and requirements can be fulfilled.

THE MANUAL SYSTEM APPROACH

In physical looks, the manual implementation
lists, tables and charts used to describe the conceptu
Projections Schedule, the Quarterly Personnel Sum
Schedule, would become a form to fill in. Tables and
also be fill-in forms. The steps outlined in Chapter 5,
the information would be transformed into the reports.

The only advantage to this approach would bg
would be available. For field offices lacking formal s
result in documented personnel schedules.

The manual approach would have the major

usc.

circumstances. Because of the time limitations imposeq

‘

these procedures would closely resemble the
system, Each of the reports, the Personnel
mary and the Daily Personnel Assignments
charts, used to create the final reports, would

Honc manually, would be the process by which

that a standardized procedure for scheduling

theduling capabilities, these procedures would

Hisadvantage of being very time consuming to

Consequently, this system is not rccommedded for implementation except in limited

by the dynamic nature of the schedules, three

of the original system objectives would be severely comgromised.

First, the system would be required to be flexiy
information. The manual schedule would require cons(

not encourage this ease of use. Second, the monito
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le and easy to use in adjusting dates and other
Int recalculation and redrawing and thus would

ing aspect, which would allow the system to




minimize reactive management, would require swift responses. Continual updates demanded by the

schedule at the detail level suggested would

Third, when creating a schedule becomes so

require major time commitments to maintain accuracy.

time consuming, the effective usc of personnel fails, The

information required would not be available n a timely manner, and more time would be committed to

the scheduling process than with the simpler }

THE SPREADSHEET SYSTEM APPROQAC]

Implementing the outlined system of
field offices currently have access to at least
LOTUS 1-2-3 would allow the direct imple
degree to which the overall system was autod
designer wished to use various program cayj
completed separately in a spreadsheet system
The Planning Component

Implementation of the Personnel P

would closely parallcl the procedures outline

reports as described. To obtain the desired §
six sections. The first could be a table from w

the next four sections would be the four sectia

Chapter 5; and the sixth would be the Quarter

The first section could be a table thad

g

ystems that have already evolved.

h a spreadsheet program is a reasonable alternative. All

one sprcadshect program, LOTUS 1-2-3. Programs like

mentation of the proposed reports and procedures. The

hated could vary, depending upon the extent to which the

pabilities. Planning and operations schedules would be

pnning Schedule and the Quarterly Personnel Summary
 in Chapter 5 and would produce the final form of the
csults, the planning spreadsheet could be separated into
hich other information was entered into the two reports;
ns of the Personncl Planning Schedule, as in Figure 23 of
¥ Personnel Summary, Figure 24 of Chapter 5.

would list projects in one column, start and end dates in

two more columns and required crew types ih the remaining columns. This table would be used to

modify the second section automatically wh

process. Specific start and end dates would ne

This table would be optional. If th

scction of the Personnel Planning Schedule,

direct entry of start and end dates. This sectio

each project as rows, and weeks within the tw

enever start and end dates changed, simplifying that
d to be determined before spreadsheet entry.

¢ Engincer so desired, the second section, the top left
fontaining the main schedule, could be developed with
f would include the list of projects and crews assigned to

¢-year period as columns. Each row would be limited to
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cither the project identification or one crew type. For

tach crew type, the assignment to project tasks

would be indicated by the number of crews required fgr that week (c.g., .2 for onc crew nceded only

one day, or 1.5 for more than one crew of the same type
The third section, the Crew Summary on Figuy

per row, including one row for an administrative crew

). Zero crews would not be entered.
e 23, would include a list of all crew types, one

type. Within each row the number of crews

required across all projects for each week would be presented. This number could be calculated from

information contained in the first section through entry
values for these cells would simply be a sum of entries f

the second section.

r of appropriate cell formulas or macros. The

br corresponding crews within the project list of

Each crew's composition in classification levels (number of crew by classification), which is

usually a static list, would be provided in the fourth sect

This information would be multiplied by the number of

on, the Crew Composition section of Figure 23.

crews needed each week. The results would be

presented in the fifth section of the report, which would indicate the number of personnel required by

classification by week. The weekly values of the fifth
would be automatically calculated based on appropriate
The information of the Personnel Summary cof
of cell formulae, into an estimate of the number of pd
Personnel Planning Schedule, in the spreadsheet design
well as construction. Once the calculations were comp
into the Quarterly Personnel Summary report.
Th rations Componen

Production of the proposed Daily Personnel

sections would be required, though only the four prese

[section, the Personnel Summary of Figure 23,
formulae entered into each cell.

pld then be summarized, again through the use
rson-months required in the field office. The
L would indicate location and administration as

Jete, this information could be directly entered

Assignments Schedule would be similar.  Five

nted in Figure 25 of Chapter 5 would make up

the final report. The steps described in Chapter 5 would be used to produce the results.

The first section, the top chart of Figure 25, w{
tasks by day for the upcoming four-week period. Each
and cach column would be a specific day, including wed

would be worked on, an indicator (e.g., 1) would be enl

123

uld include a projected schedule of projects by
row would represent an individual project task
kend days. For each day that a particular task

red into the appropriate row and column. This




could be done manually or, preferably, could

be accomplished through the use of a separate table, in

the second section (not on Figure 25), indicating the projected start and end dates of each task. This

second section would be similar to the planning spreadsheet's first section, but simpler in that only the

dates would be required.

The third section, the chart on the

left side of Figure 25, would consist of a table relating

project tasks and personncl. Each column would be a project task and each row an individual. The

assignment of an individual to a task would

be noted with the placement of a 1 in the cell at the

intersection of the individual's row and the task's column. If the individual was assigned to the task

other than full time, a value different than 1

hour day).

The information in these three seciid

Daily Personnel Assignments Schedule on

individual was scheduled on a daily basis. Th

fould be indicated (e.g., .S for half day, or 1.25 for a ten-

pns would be used to produce the report itself, titled the
Figure 25, which would show the tasks to which each

p first three sections, once completed, would be the basis

for macros and/or ccll formulae that would automatically calculate the entries onto the Daily

Assignments bar chart section of Figure 25, (
Figure 25, the fifth scction, would then be dd

information to calculate the number of indivi

Summary would finish the operations scheduld.

Advan nd Disadvantages
The first advantage to the spreadshee;
manual calculations would be removed from
prepared by entering as little information ag
personnel assignments to tasks. This apy
assignments, giving the system approach the re

A second advantage would be that)
sections pertinent to each final report could bg

of the reports would be similar to the prod

required on only a few pages.

he fourth spreadsheet section. The Project Summary of
veloped with macros which used the Daily Assignments

duals assigned to each task. Completion of the Project

| is that, with the cell formulae and macros, many of the

the production of the reports. All the reports could be

the project and/or task start and end dates and the
roach would allow casy updating of the dates and
Luired flexibility.

when the spreadsheet sections were completed, the
printed directly from the spreadsheet. The final forms

ficts described in Chapter 5, with all the information
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A third advantage would be the graphics extengion capability. Bar graphs, similar to the ones

in Figures 12 and 13 of Chapter 4, could be created hs additional reports. They would be used to

visualize resource distribution by illustrating where thg
occur. Periods when adjustments were likely to be need

The major disadvantage would be that the sef
design and testing of all the spreadsheets and macros. B

addition and deletion of projects, project tasks and pf

resource peaks and valleys were expected to

pd would be cleatly shown.

up of this system would require time for the
tach report section would need to allow for the

trsonnel, and recalculation of the summaries.

Familiarity with spreadsheet programs and the macro programming language would be necessary for

the designer 1o accomplish the task. However, once t
were working, the advantages for the construction field
The Daily Personnel Assignments Schedule alone, with
dynamic as required to keep up with the changes, pro

manner and were of reasonable accuracy.

THE NETWORK SYSTEM APPROACH

The third approach would incorporate the use o

Programs such as Microsoft PROJECT, which is suppq

into the context of any type of project management envi

of input and report production, these programs still en

process much the same as the steps presented earlid

he master spreadsheets had been created and
| office would far outweigh this disadvantage.
jputomatic recalculations available, could be as

rided that the data were coliected in a timely

[ nctwork based project management software.
rtcd by the DOT, are thought to fit naturally
onmenl. Though they use a different method
fompass scheduling and use of resources in a

F in the description of the required system

procedures. The projects are broken into tasks, stari and end dates (or duration) are established, a

resource pool is defincd and assignments are made 1
resource demand by time unit and project assignmc

operations schedules, because of differences in purpose

under each component portion. Note that Microsoft ha
This newer version, and the program cnhancements th

discussion.
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p tasks. Reports can be produced showing
its for individual resources. Planning and
are done separately. Reports are described
yrecently upgraded PROJECT to Version 4.0,

3t arc included, is the basis for the following




The Planning Compon
Processing

The planning component would invo

files: a master resource file, at least one ma;

Jve the creation of at least three and probably four master

jter calendar file, and a master project file for the office.

This method of saving information in three fterconnected files is one of the differences between this

approach and the other two, s0 a more detail

h
2

The PROJECT program, when entd

d description of the entire program follows.

red, allows the creation of three interconnected files for

any project. Onc of these is the resource file. The information in this filc can be specificd for each

project, or a master can be created that is lat

£r connected with each new project file. For the planning

component, the master resource file could be set up in one of two ways. The first would list each

classification level available in the field office.

The classification level would be used to designate an

assignment (o a task, and the Project Enginger would establish crews by assigning as many of each

classification level required to the task, The {

ccond set up method would be to list as a single resource

each crew that would be required for all #ssigned projects. Non-crew personnel, such as project

inspectors and chief inspectors, would be listd
the project is sct up in the activities screen rg
need to be listed rather than every crew mem|

The calendar file could be created ei
To save work, two master files could be creaf

workable days file and the other would be

d separately. This would allow for less initial entry when

source section because only one or two resources would

ber separately.

her as a master file or individually with each project file.
ed, filling two scparate needs. One would be the master

the master standard calendar file. The workable days

calendar file would take into account potentiul project delays, perhaps by using Table 18 or 19 from

Chapter 5 and turning random days in a mosth “off" or "on" to correspond. Other anticipated delays

might also be added. This calendar would be

end dates using the program. To do this, the

used to calculate project and task calendar durations and

project and /or task breakdown would be entered into the

activities screen of the program. The estimafed start date would be entered, as would be the project

and/or task duration. The program, using

automatically. To ensure that a task's dura

the workable days calendar, would calculate end dates

fion in relation to other tasks was calculated properly,
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preceding tasks, start-to-start, finish-to-finish and lead of lag time dependencies would also be entered.
The result would be a more realistic series of task start 4nd end dates.

After the start and end dates have been caldulated, the date information for each activity
would be edited. Dependencies would not be changed, but durations would have to be deleted and end
dates specifically entered®® Then, the standard cal tndar, which would only show holidays and
weekends as non-work days (the calendar by which stat¢ employees would actually be working), would
be used to establish the final schedule. The start and egd dates would be used to calculate duration in
terms of standard calendar days when the standard chlendar file was attached. At this point, the
resources would be assigned and a realistic project {nspection schedule based on state employee
scheduled time would result.

The project master file could be st up in one pf two ways. If the combined number of tasks
on all projects was too great to allow entry of all of thelinformation into a single master file (the first
option), then separate project files could be created thdt would then be linked into a master schedule
file (the second option). The first option, in which all tafks would be listed with each project in a single
file, would allow the user to see the entire schedule |n all detail required at all times. Microsoft
PROJECT does aliow several hundred tasks to be individually entered into one file, but this may be
awkward to work with in a total office scheduling system|

The linked master file, the second option, woulq not allow all the tasks to be visible; it has only
a single line designating the name of the reference fil§ where the remaining information is located.
The second option would still allow, however, the same|master calendar to show project start and end
dales and the individual resource information for all profects.

Following a project through the process illustrjtes how this might work. A project would be
assigned to the construction field office and broken intd tasks, each task defined so that crews and/or
classifications could be assigncd. The workabie days cakndar would be used to cstablish realistic start

and end dates. These dates would be noted on the aftivities screen for cach task, after which the

21Thcough end dates would seem to be entered alreddy when the editing has begun, this is not the
case with Microsoft PROJECT. End dates at this stage jre calculated and disappear when durations
are deleted. To keep the proper end dates when the stajdard calendar was attached, they would have
to be physically re-entered at this time.

127




standard calendar file would be substituted| for the workable days calendar file. As each project file
was completed, it would be linked to the mapter project file, where the entire office schedule (at only a
project level of detail) would be represenfed in a bar chart. The resource assignments could be
checked in the master file for over- or undgr-usc of particular crews or classifications with the use of
the available reports and histograms featurkd in the resource section. Once nccessary adjustments
were noted, the individual project files or seqion in the master file would be recalled and vpdated.

Planning Reports

The two reports required of planning, in the conceptual system, are the Personnel Planning
Schedule and the Quarterly Personnel Sumpmary. Neither of these reports is directly available in
Microsoft PROJECT. However, several typgs of standardized and custom reports are accessible either
on the printer or the computer screen that gather picces of each of the required reports together and
give a complete scheduling picture.

For example, Figure 31 is a typical bar chart showing tasks with calendar durations. This bar
chart can be varied in time scale, so that anf level of detail from half-days to years is available to the
user. This furnishes the project task/time felationship. In conjunction with this, an Activity Table
Report (Figure 32) can be accessed that listsfeach activity (or task) separately with start and end dates,
predecessors and successors for the task, and| resources. A third summary, the Resource Histogram, is
a view of how one resource is scheduled oves a calendar period. Using all three of these together, the
top left section, the Project Summary and tHe Crew Summary of Figure 23 could be filled in Crew
Composition would be manually filled in, as jvould the Personnel Summary, assuming that the Master
Resource File consisted of crews only. If the Master Resource File consisted of classifications, then
most of the Personnel Planning Schedule infhrmation (except the Crew Summary) could be accessed
using these three PROJECT reports and view.

The Quarterly Personnel Summary] similar to Figure 24, Chapter S, would be extracted
manually from the information in Microsoft|PROJECT. Using the Period Demand Report (Figure
33), person-months by classification would be available. Further calculations, including combining the
classifications into "Location," "Construction,” and "Administration” categories, would provide the

remaining information required by the report|
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ions Component
Processing

Creation of the operations files

prould be similar to the creation of the planning files.

However, the master files would be set up skghtly differently. This time, the master resource file would

list each individual's name and classificatio

i

lcvel, one per line. A helpful addition if filtering were

planned would be to include a resource idenfification tag.

The master calendar would be th

operations schedule would be based on

standard calendar for the next four weeks because the

phat happened to state employces' schedules. For the

operations schedule, usc of another option for calendars, individual calendars for each resource, might

be helpful when cach resource was working
other reasons. Calendar file choice would d

Depending on how the planning fil
one of two ways. If the planning schedule ¥
broken out, then the operations schedule c(
task detail levels, start and end dates, and red

If the planning schedule was set up|
operations project file could be created with
new tasks would be added and finished ones
monitoring, and adjustments of tasks, depeng

Operations Reports

In the conceptual system, the opera

Schedule. This report is not available direq

several standardized and custom reports and

the Daily Personnel Assignments Schedule.

prith a different schedule because of overtime, per diem, or
tpend on need and might vary over a year.

s were set up, the operations schedule would be done in
as set up as a single master file with tasks for all projects
uld be based on it. Updating would entait only adjusting
ource pool and assignments based on weekly monitoring.
using linked files, or if it scemed more expedient, a new
only the next four weeks detailed. For this second option,
deleted every week. Updating would be based on weekly

encies, dates and resources would be done as required.
ions report consisted of the Daily Personnel Assignments

tly in Microsoft PROJECT. As in the planning section,

views would be accessible to provide the information for
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The bar chart of Figure 31 is available at a daily level. More to the point would be Figure 34,
the Calendar Report.?? Combined with the Calendaf Activitics Report (Figure 35) and the Period
Demand Report (Figure 36), both of which could be ﬁ‘lercd for a crew or an individual using resource
identification tags, specific information about cach person’s assignments could be gathered. When
examined closely, the imbalances would show. Using dther information such as in Figure 37, a custom

report which would compare actual (A) schedules +

ith forecast (F) schedules could be created.
Though Figure 37 does not show forecast schedule inf, rmalion, the information can be accessed for a
custom report.

It would be easier to use these reports as gn-screen views if the first option, basing the
operations scheduie files on the planning schedule files, were used. Though some of the reports, such
as the Calendar Report, can be "windowed" and printed for specific time periods, other reports would
be printed out for the entire file, which could be both time- and paper-consuming. The choice of

options for creating the operations component files would depend on what reports were required as

printed reports.
Specifically, then, the bar chart would be equivalent to the top portion of Figure 25. The
Calendar Report, Calendar Activities Report and Period Demand Report together would be the Daily
Personnel Assignments Schedule. The table to the left of Figure 25 would be incorporated into these
reports.  Therefore, all the information required would be available, just in different forms,
Imbalances would show up just as on the conceptualizedreport form, only on the Microsoft PROJECT
reports. When imbalances occur, they would be corrccted interactively, using the program directly.
Monitoring information would also be entered and updating of all tasks affected would oceur through
the program's ability to recalculate.
Advantages and Disadvantages

One advantage to using a network program is that all calculations that are necessary to

scheduling are already built in and no system development is required. Another advantage is that

“The resource is labeled Jones, E2. The calendar report will either schedule all resources or one
resource; Jones is on the survey crew, and represents all assigned crew members. Filtering is not
available for this report.
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updating is easy for both task start and end dates and classification/crew and individual resource files.
Creation of master files for calendars that cover several years and resources that are relatively static
makes scheduling simpler by allowing the fogus to be the activitics section of the program, where the
main adjustments arc made. The ability to dgsignate task dependencies uses the program’s strength in
updating subsequent tasks based on one change, allowing greater ease in updating the entire schedule.
Another advantage is that planned schedule can be compared easily with actual schedules, allowing
lasks to be tracked. Through somc of the| views available (such as thc Comparison View, which
contrasts two resources, or the Resource View Activilies, which shows the schedule and a resource
histogram together), resource distributions can be evaluated and altered interactively as required.
There are several disadvantages to network programs. One is that some time is required to
understand completely the advantageous use pf the program. Application guidelines would need to be
fully defined to allow the Project Enginefr to precisely apply the chosen program. Another
disadvantage is that the reports are not in the same format as the conceptual system has envisioned.

Network programs will furnish the same irfformation, but the reports would need to be carefully

scrutinized and customized for the required iffformation to be accessed,

The third disadvantage is that the network programs base their systems on traditional resource
leveling methodology, i.e., adjusting project tsks over time to level the use of limited resources. This
algorithm is not applicable to the constructign field offices, in that shifting activities is not an option.
Microsoft PROJECT, for example, features the ability to do automatic resource leveling; this is useless
for the DOT ficld offices. However, adjustmgnt of the resource pool and assignments is still available
as a schedule balancing solution,

The fourth disadvantage is that the pata for the Quarterly Personnel Summary, as shown in
Figure 24, arc not able to be extracted automatically from at least Microsoft PROJECT. Methods to
obtain the required information would inclyde manual extraction from data provided in Microsoft
PROJECT, and entry of the data from Microsoft PROJECT into LOTUS 1-2-3 for automatic
Quarterly Personnel Summary calculations.

The fifth disadvantage depends on the choice made for operations schedules. These could be

done cither by constant detailed update of the planning schedule, or by creation of a totally new
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operations schedule file, Unless few printouts are dd
reports that can be windowed, the first option is usefu
historic records. Too much time and paper would be T4

from the first option.

APPROACH ASSESSMENTS

sired, and those printouts consist only of the
only for interactive viewing and updating and

tquired for constant reprinting of the schedules

Three approaches to implementing the personpel scheduling management system have been

suggested. The debate now becomes which one to impl
the time constraints that limit its effective full implen
construction field offices, it still might be useful. There
implementation of the manual form, perhaps simplified
discussed in Chapter 4, becausc ficld offices that do no
begin with a manual system. Each field office would h
systems as it became (or needed 1o become) more sopl
There is also merit in adding features from the propos
that would make true schedules out of levels of schedulin

The two computer based systems each havel
advantageous to a ficid office, depending on the focus

The spreadsheet system is focused on the end products, g

ement. Though the manual system, because of
entation, is not recommended for use in the
secems to be merit in suggesting at least partial

b in conjunction with some already in use and

have any documented system might desire to

ave the option of proceeding to more detailed
bisticated in its personnel scheduling methods.
pd manual system to existing manual systems

2 that are missing ccrtain essential elements.

different foci and strengths that could be

pf the personncl scheduling system manager.

r the reports. The process is defined in terms

of what the output should be like, and the system would be established to furnish the products. System

design would be more difficult to do initially, but th
especially because the information could be presented in

The network approach is focuscd on the proce!
system is already defined, and the user would employ t

personnel scheduling needs. There would be less work

best way to access the system for the information requireq

Both computer based systcms would require son

require at least manual entry and updating of start and ¢
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£ end product would offer more flexibility,

Lhe proposed conceptual forms.

$ involved, the dynamics of the system. The
he system to access the outputs that met the
n programming, but more in establishing the
.

¢ manual operations. The spreadsheet would

nd dates and resource assignments, as well as




initial spreadsheet set up information, whicll would be office-specific. Depending on the amount of

automation through macros and cell formylae, more manual operations might be required. The

network system would require that at least st

qrt dates and durations, task breakdowns and resources be

manually entered.  Once the neiwork was gperating, updating would be performed manually. The

Quarterly Personnel Summary would also hpive to be extracted manually from data provided by the

program or sent to the spreadshect for automatic calculations.

It is also possibie that use of one or

he other would not be the answer to a ficld office’s needs.

Using both in a system together has been advantageous 1o one project office, as the network example

in Chapter 4 illustrates. However, each of the approaches can stand alone. The decision about which

system or combination of systems would be

finally be left to the Project Engineer.

SUMMARY

most useful to a particular construction field office must

This chapter has described three different approaches to implementing the personnel

scheduling management system outlined in Chapter 5. The manual approach has difficulties meeting

three of the five system objectives (ease ol gse, minimizing reactive management and efficient use of

resources) because of time constraints. The two computer based systems meet all the objectives,

though meeting the ease of use cbjective if differcnt for each. The spreadsheet would take time to

design and implement, but would be casy fo use once implemented. The network would not need

programming design, but would take more tjme for familiarization; ever time, it would become easy to

use. The next chapter summarizes and cong

implementation of the system, future studies

ludes the report and makes further recommendations for

and possible enhancements.
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CHAPTER 7
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This chapter has been divided into four sectigns. The first section summarizes the findings
and proposals of the first five chapters. The second fection draws conclusions from the completed
study. The third section, split into two parts, makes rdcommendations for the implementation of the
proposed personnel scacduling management system and future studics that could arise from this work,

The fourth section briefly explores potential system enhancements which, though not essential to the

system, would upgrade the capabilities of it.

SUMMARY

This report has focuscd on the current state of personnel scheduling management systems in
Washington State Department of Transportation constrjiction field offices. Behind this focus has been
the assumption that, though all of the ficld offices use bome level of scheduling, there could be more
effective, systematic and less reactive ways of doing perspnnel scheduling at this level. The study found
that the Project Engincers are scheduling under a vaficty of constraints and concerns that directly
impact their ability to do long-range planning and respopd quickly to short-range schedule changes. In
response to the findings, a unified personnel scheduling management system has been conceived, with
three suggested approaches for design and implementhtion that would fit into many of the project
offices.

To develop the final personnel scheduling marjagement system concept, an investigation was
completed to understand how personnel scheduling is dgne currently. As part of the investigation, the
structural placement of projects, personnel and thd construction field office itsef within the
Department was established and a model of scheduling fbr the construction ficld offices was developed.
A data collection methodology that included a quesfionnaire sent to the Project Engincers and
interviews of Project Engineers was used.

The majority of the information from the quedtionraires and interviews has shown that the
Project Engincers arc doing restricted scheduling under pumerous constraints. These constraints have

been identified and are generally categorized as
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inaccurate contractors'

construction;

field office, its position, the

they encounter.

The first three of these constraints directly aff]

from outside the construction field office and

The effect of this series of constrain

currcat notification procedur

pr

limitations on numbers of pe

attitudes and perceptions of

Es of project assignment and scope to the field office;

limitations on project manag¢ment based solutions;

bgress schedules and contractors' updates during
rsonnel available to the construction field office; and

Lhe Project Engineers themselves about the construction

[Department and their ability to deal with the problems

Ect the project side of scheduling. The first four originate
pre not under the Project Engineer's control to change.

s is that, when the model of scheduling is applied to the

actual field office situation, the Project Engineers find themselves unable to make use of a major

portion of the solutions that would normally

be available to balance their personnel schedules. The

model indicated that three areas of schedulipg adjustment, adjusting the resource pool, adjusting the

resource assignments and adjusting the task

any project. With the constraints, the Projec

pchedules, would be available to the project manager on

Engincer is not able to adjust the project task schedules

at all because they come from outside the field office, while the resource pool and resource

assignments are partially imited by communi

The response to the constraints has |

in an attempt to focus on projects while adj

have been identified in the project offices:

variations on each. Some of the techniques

projects over time, are missing elements of

Other techniques are highly crafted examples|

One of the findings, suspected but n

tations difficulties and perceptions.

cen a varicty of levels of personnel scheduling, developed
psting personnel. Four basic scheduling level categories
informal, “to do' lists, bar charts and networks, with
sed, while they eventually respond by putting people with
detail levels that cause them not to be true schedules.

of what can be don¢ in spite of the constraints.

pt assumed, was that planning is generally not considered

a useful tool at the ficld office level of persognel scheduling. Planning, or long-term scheduling, in the

construction field offices is characterized by

detachment from operations, or short-term, scheduling
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and by a focus isolated to fulfilling a departmental requjrement. Frequently, the planning scheduling

has been guesstimation, with little more than past experid
From these investigations, a unified personng

outlined. This system would include the ability to d

nce to justify the guess.
| scheduling management system has been

0 both planning and operations scheduling,

interconnecting the two scheduling methods. Three apgroaches to further design and implement this

system have been proposed, one manual and two compuferized. All of the approaches utilize the steps

to scheduling found in the conceptual exploration of the

the construction ficld offices. Recommendations regardif

CONCLUSIONS
Given the findings summarized above, the follow

(1) The constraints that are operating will
management system in the construction

(2) The system proposed here in concept]

system, many of which are already in place in

hg cach approach follow the conclusions.

fing conclusions are drawn:
continuc to restrict any personnel scheduling

field offices.

pal form is expected, when implemented, to

improve personnel scheduling management and decisions by standardizing and, in

some cases, automating procedures, thus alleviating some of the stresses associated

with reactive management.

3) The three approaches fulfill the system objectives to varying degrees. The manual

system can be implemented without
constraints, is severcly limited in its a
management and to effectively use perq
manual calculations required in schedu

a greater set up time and more expg

requiring extra help, but, because of time
bility to be easy (o use, to minimize reactive
pnncl. The spreadsheet system minimizes the
ing and has less time constraints, but requires

rtise for the designer. The network system

requires little physical system developent and offers the easiest updating methods,

but the programs can be time consuming in learning applications especially because

the reports from this system arc concep)

143

vally different than the proposed approach,




RECOMMENDATIQNS

The recommendations that folloy
implemented by the construction field officd
for implementation. The two scts of recomnp
design, implementation and use can result.
Insi )i} iop Figl i

The first recominendation is that o
system design and test it by limited impleme;
to justify in terms of the time it would reqy
result. If a Project Engineer does desire to it

explore one of the simpler versions described

b are divided into two sections: those that can be

directly and those that are dependent on outside actions

endations are intended to dovetail so that the best system

e or more construction field offices do a more detailed
ptation. The manual approach, as noted abaove, is difficult
ire and the objectives that would remain unfulfilled as a

iplement a manual system, the recommendation is that he

in Chapters 3 and 4, enhancing one of those systems with

the concepts and details he needs from the proposed system. Many of the systems in place are

adequate to do the personnel scheduling; with some additions, they will work in more situations and be

strengthened.
For either of the computer based

done in coordination with the technicat supy

ystems, the recommendation is that implementation be

jort personnel available at DOT. The detailed design of

the spreadshcet system requires people knpwledgeable about the technical aspects of spreadsheet

programming as well as ficld office people

knowledgeable in their specific scheduling nceds. The

detailed network system's use requires techinical knowledge of how to accommodate some of the

features (and quirks} of Microsoft PROJH

requirements.
After the various system approache

implementation can begin.

The recomm

CT or other programs to accomplish the field office

3 have been designed and tested, full scale training and

endation is that construction field office personnel

expericnced in the use of either or both sysems work out formal training sessions that would teach

both the concepts that are the basis of

implementation and usc. A major objectivé

concerned in the art of scheduling personnel,

he system and offer hands-on experience in system
of the training would be to increase the skills of all

ncluding how to personalize the system used for specific
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information needs. Depending on the system chosen
Microsoft PROJECT training would be included.
Outsi

Const n Field Off§

by the field office, basic LOTUS 1-2-3 and/or

Several recommendations to help the construdtion field office realize a personnel scheduling

management syslem must be instituted outside the field office itself. The first recommendation is that

a study be made of whether exclusive assignment of|a micro to the Project Engineers for usc in

scheduling would be the best way to encourage implkmentation of either system. Several Project

Enginecrs mentioned that the Jack of an exclusive use

mputer caused them to do less scheduling of

the type they wanted (for example, using Microsoft PRQJECT).

The second recommendation is that steps be faken to alleviate some or all of the following

problems related to the project cycle. Construction fie

input directed to Design from the construction side

important to their scheduling for the following reasons.

office Project Engineers have mentioned that

uch earlier in the design process would be

Currently, when the PS&E arrives at the construction field office, little time remains

before the ad date (o review the proj
has caused ad datc changes and, c
personnel schedules.

The engineers and technicians obtain
helping to develop the project's design
both the field office and the Departme
The construction field office would be
more realistic projection of whal per
inspection at an earlier stage in the tot
input into their own planning system.,
level, procedures could be inauguratd
their expertise earlier in the design pro

- inviting construction inspect

et for constructability. Redesign at this stage

bnscquently, considerably aliered the office's

valuable lraining, versatility and capability in
as well as inspecting the construction, offering
it more benefits in scheduling versatility.

able to offer the headquarters planning staff a
sonncl and equipment would be required for
pl project process because of the more accurate
Therefore, from the district and headquarters
d that allow construction personnel to input
pess, including (but not limited to)

prs with some experience to design team

mectings when project scope dnd/or design is being discussed,

145




- inviting input from the tentatively assigned construction field office when
alternatives have bten chosen for constructability of the designs,

- inviting constructign field office input into special designs for constructability
and understandability of the plans.

The third recommendation is that training in CPMS, which has developed a way to estimate
project time lines, be more widely available {o the entire field office system. Plans have been made to
this end already. Any required training fnight include helping the field offices understand the
advantages and disadvantages of CPMS in rdlation to the proposcd personnel scheduling management
system. Further development of CPMS |could include consideration of methods by which the
construction field office can directly access [the CPMS information at any time needed and enter it
easily and automatically into its scheduling pqocess.

The fourth recommendation is tha} headquarters and district management encourage and
support the Project Engincers in their egforcement of the Standard Specifications and Special
Provisions regarding contractors' schedules] As part of this enforcement, an exploration of how
contractors’ progress schedules could be altfred to be more useful to the construction field office’s
personnel scheduling management needs to He done., Though the information on contractors' progress
schedules can be acquired (albeit with greatdr difficulty) from other sources, the contractors' progress
schedules arc important for confirming the groject inspector's scheduling guesses and giving a longer-
range view of the project from the contractor} perspective.

The fifth recommendation concerns Engineering costs and is less directly related to scheduling,
though there is an impact to scheduling fr¢m them, Engineering costs are frequently overrun on
certain types of projects, while other projegts become catchalls for funding of non-project related
activities. The inability to relate personnf! schedules to realistic project costs can cause both

scheduling and accounting difficulties that cduld be alleviated by the design of a different method of

estimating these costs.

146




FUTURE SYSTEM ENHANCEMENTS
What has been described in this report are the

essential features of the system. This does not

mean that they are the only features that can be includgd; in fact, several Project Engincers during the

interviews recommended that some of the following enHfancements be part of the original system. At a

later date, when initial installation and assessment of the system is complete, additional features such

as these could be added,
Engineering Costs Enhancement

Engineering costs, which are directly related to
mentioned frequently. The Department, because of the

from the taxpayers, is pressuring the Project Engineers

field office inspection of a contract, have beea
increasing demand for monetary accountability

to keep these inspection costs down. Adding

the ability to track project costs would be helpful, and [would offer earlier warning of overruns. This

enhancement would require additional work with the teq
Tracking Training and Skills Enhancement
A second enhancement would be the ability

Project Engincers need versatile crews, capable of insps

hnical support staff.

fo track employee skills and training. Many

cling any project. Project inspectors and their

crews are required, therefore, to be skilled in more thag one area of construction inspection. Training

in many of the inspection skills would most iikely occ

ir on the job, with a skilled project inspector

iraining another project inspector. The enhancement fo the system would consist of listing the skills

and training needs with the individual's name, Then, wh

En a project is given its basic tasks, a match can

be made that allows the Project Engineer to assign pefsonnel with training in mind: a skilled project

inspector may be scheduled to train another project in
may be assigned to a project aloae (if stall is short).
Equipment Pool Enhancement

Another enhancement mentioned concerns the

certain number of inspection vehicles and other survey

pector {if therc are enough staff available) or

equipment pool. Each field office is assigned a

Ing and testing equipment. Each of these has

upkeep needs, and some require special training befgre their use. The enhancement here would

consist of adding the equipment, listed individually as

include the calculation of "next service duc’ as part
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assignment to particular staff members, skills required to use it and those personnel who have been

trained to use it.
Weather Enhancement

At the beginning, it was assumed th
scheduling and would require the incorporati

not very accurate for cstimating weather rela

bt weather related delays would be important to personnel
pn of a way to estimate these delays. Tables 18 and 19 are

ed delays in many regions of Washington. However, with

the noted constraints and restrictions caysing other problems, weather has become of minor

significance. For the long range, afier m

enhancement could be explored.

As envisioned, this could take the fo

the National Weather Service. The weather
forms, each to be used when appropriate:
the average number of work

may be performed;

weather-insensitive work ma

performed.

The weather database would also divide the st

the average number of cale

the average number of wor

bre pressing problems have been remedied, a weather

Fm of a weather database developed from sources within

database would be able to provide system inputs in four

days by month that work may be performed;

ndar days (i.c., weekends included) by month that work

k days by month that bridge, concrete and other more

f be performed; and

the average number of calendar days by month that weatker insensitive work may be

te into at least seven main regions {Olympic Peninsula,

Puget Sound, Southwestern Washington, Nogthern and Southern Central Washington, Northeastern

and Southeastern Washington), with subregi

potential delays.

pns as necessary, to allow more accurate estimates of
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APPENDIX A

QUESTIONNAIRE




-

TRAG

WASHINGTC

N STATE TRANSPORTATION CENTER

June 5, 1987

Dear

The Washington State Department of Trans;

portation {WSDOT), in cooperation with

the Washington State Transportation Centej
ton (UW), currently is conducting research i
struction field office personnel.

(TRAC) and the University of Washing-
to project scheduling for WSDOT con-

¢ aim of the research is to help project engineers

in construction field offices schedule their wgrkloads so that they can effectively use

their personnel. Funding for this research is
WSDOT fellowship program. The chief inv
_ graduate student in civil engineering.

The enclosed questionnaire has been develo
rent workload scheduling procedures of cons
tionnaires are returned, between one quartes
across Washington State will be requested to
explore more comFlctcly these procedures. 4

presented forms of the research, mouaﬁgm
are necessary for potential followup. tq
three days after the questionnaires are returs

Please fill out the questionnaire and return it
1987. Your help and cooperation are very m
tions or comments, please call the investigats

Sincerely,

Margaret E. Blau (Meg)
Project Manager

MEB:rdp

Enclosure

121 More Hatl, FX-10, University of Washingion, Seattie, Washinglon 981

ough a grant from WSDOT and the
tigator is a WSDOT employee and UW

ped to understand more clearly the cur-
fruction field offices. After the ques-

and one half of the project engineers
participate in in-depth interviews to
Anonymity is assured in any published or
name, address and telephone number
set up interviews will be made two or
ed.

in the enclosed envelope by June 12,

ach appreciated. If you have any ques-
r, Meg Blau, at (206) 527-2013.

05 Telephone (206) 543-8690

Unwversity of
Washington

@\ £ : Washinglon §
o % g Unwversity

A

late washgion Slate

W/ Oepaimen of Transponaton




The objective of this questionnaiiy
being done for the construction of
purpose of the research is to desi
echeduling peeds and probleas so
Your help in this effort is appred
fill out this form and return it {

1. Gepergl Information

The following is requested for fol
both for published and presented f]

Project engineer’s name
Field office address

Field office telsphone - SCAN
neo-SCAN

Whe filled this form out:
Name:
Position:

Type of Office (check one}:

—we-_ Design only

Construction only
Design and Construction
X Deaign
X Constructio

Field office data:

Size of staff at this time:
Max. staff gize during constr,
Max. staff size during non-col
Average pumber of constructioy
Avg. no. of demign projects iz

Current number of constructio

1

QUBSTIONNAIRE

e is to determine what workloed scheduling ia
fice staff at the field office leval., The

£n ways toc assist PEs in handling workload

hat your conetructien staff is used effectively.
imted. Please take the hour or 8o needed to

h the envelope provided by June 12. 1987.

low up purposes only.

Anonymity is sesured,
jorms of the results.

combined (please estimate split below)

t

[
L]

tior meason
truction season

———

pProjects at the following mize levels:

Project Bize Jolis Complete Active Scheduled
Final Records Projects For Work
S5td1]l Opepn This Seapon
Under $5C,000 L e, e !
$50,000 to $100,000 L I R, R :
$100,000 to 500,000 LU L, e i
$500,000 to $1 million N N R S e e :
$1 million to $¢5 million ! B Y e e :
Over $5 million ! : ' ;

A2



II. Planning

The questions in thie section sre desmigned
planning of workload for your conatructieon

caonsidored,
actual project award dates.
epply.

in this context, as planring do
Please read tk

If you have any commants thet you w

feel free to use the additiopal space under

1.

Do you attempt to plan your manpower sch
for the coming year (or biennius) by mak

Yes (enswer A and B below)

A. If you do thie, why? Check all ths

determine adequacy of av
determine adequacy of av
determine project costs
nake assignments of pers
determine when the proje
Other (dascribe:

B. What determines which projects have
Chack all that apply.

Done for all projects
Complexity of the projesct
Duration of the project
Dollar value of the project
Project geographic location
The requirement of speciali
The requirement of speciali
Project funding

Other (describe:

At what Jevel of detail are the personne

Number of employees needed by jo
_____ Employees assigned to project by
——e——_ Both (describe under what circum

o find out if you do any advanced
taff. Advanced planning ie

bja for staff and projects prior to
fough the questions and answer all that
hnt tc mmke on any particular question,
the question or the back of the sheet.

bdule for your project office permonnel
of personnel assignments to projects?

No {skip to question 10)

spply.

hileble personnel
pileable wquipment

bonel to projecta
[t should begin

manpower planning done for them?

with respect to the office
ted kpowledge
fed equipment

| assignments made? Check one.
P classification

individua]l nemes

ptances each is used:
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3. Whan making sanignments to o prjoject, what level of project detail is typically

considered? Check one.

_____ Project mes & whole only

_____ Gross wchedule of taak that comprise the project (e.g., project
described by mejor tasks only and/or tasks with duration tpn months)

_____ Detailed project task 1 vel ( e.g., project described by specific tasks
and/or tasks with dur ione in weaks)

Other {describe:

4. What written products Are genarptod from this procoas? Check mll that apply.

_____ No written productas are genarated

_____ List of projects with a)] Personnel masmigned to esch

_____ Liat of projects with kty personnel assigned to each

_____ Lis* of project tasks with all personnei asmignments

_____ Schedule of parwonnei w rkloads by time periods (o.g., sapecific months,
weeks and/or days, etc))
Describe:

_____ Other (describe:

6. Outline the steps that you take |to do this advance workload scheduling process.
Note any project schedules, dia Fams, computer software and other informmtion
used in the process. (Incliude xamplas of any lists or schedules produced.)

€. Who within the office is typically involved in the assignment of personnel t&
projects? Check all that apply.

_____ Project engineer (TE-5)
_____ Assistant project enginedr (TE-4)
_____ Office enginesr (TE-3)
_____ Construction engineer (TE-3)

_____ Others (list title with lessification:

A4
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The following lists potential problems |
encountered or which c¢ould limit the plam
scale to jodicete each probles’s importa
problems might occur ir manpower plannin

1 -— unimportant {is not a problem)

2 -- somewhat unimportant

3 -~ important

4 -- very important

5 -- extremely important {(is a mBjOr p
Scale Frequency Potentiai Pro
______________ Lack of detailed pro
______________ Lack of adequate per

Lack of adequate equ
Uncertainty of proje
Uncertainty in when
{(e.g., due to weat
Lack of time of anal
Lack of time to make
Lack of procedures o

8. Do you update your manpower plan, either
season?

If yea, describe:
-- how you update it
-~ what the update is used for
== if it turps out to be useful in som

9. Do you do anything else with advanced sc

covered? Please describe fairly specifi

SEIP TO OPERATIONS

longer range planning which could be
ning effectiveness. Use the following

ce. Also indicate how often thesa
roblem)
blem

liect mchedulens

ponnel information

ipment inforwmetion

£t start dates

project ectivities will actually occur
her, changes, atc.)

yze tamk level assignments

project lavel assignments

r methods to do workload scheduling
ce:

pPricr to or during construction

= WAy

heduling that has not already been
cally what you do.

BECTION, PAGE &




35
10. For each of the following, f{ndicete ita importance as a resson for peot doing
advanced scheduling of persongel, Use the following scale:

-- unisportant (is not a reason)
== somewhat unimportapt
important

== Very important

== extremely important (is [a major reason faor not do.ng scheduling)

Ol LI N~
]
1

_____ No need to do it

===—— Advance scheduling too |umrelisble to be of use
_____ Lack of time

_____ The capsbility of doinTeit (e.g., software mnd/or methodology) is not

availabple
The information on proJj

¢tas is not available socon enough
Lack of other necessary

information (list:

Other (describe and indicate importance:

CONTINUE ON T¢ OPERATIONS SBECTION, PAGE 6
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&
I1. Operatjons

The following questions relate to spacific
which have been awarded and are ip re
that you belance staff with projecta by int

questiona. Your answers will help clarify |the process a conatruction field office
uses in scheduling. Note that, even if Your office has a design section, the

questions are rejated to the scheduiing of |personnel with construction projects,

scheduling of staff members to projects
|, or soon will be. Bven if You beliave
uition alone, please answer the

1. At the beginning of the project, are spacific personnei assigned to the
Project?

_____ No specific assigoments are wadel (skip to question 8)
_____ Only key personnel assignments alre made at the project beginning

————— All project personnel assignmenth are made at the praject beginning
_____ Other (describe:

2. Are personnel assignments made at the beginping of the Praoject to specific
activities withic the project?
_____ No, mssignments are baased only ch projects as s whole
_____ Yes, on some projacts
_____ Yes, on all projects

If yes, what source of project activitjes is umed? Check all that epply.

_____ Contractor aupplied
w——-— WSDOT supplied from design
_____ Other (deacribe:

3. Are personnel schedules examined in relny

ien to specific calesndar days (or
weeks} for the life of the project?

_____ No, only to work days (answer A Helow)
_____ Yes, on scame projects {(enswer B gnd C below)
_____ Yes, on all projects {answer B god ¢ below)

A. If no, do you evar try to relate work days to calendar days?

If yen, describe how you tie them [together.

B. If yes. are achedules made using indiividuals or Job cleassifications?

_____ Individual names
_____ Job clasaifications




7
C. If yes, what determines whether a schedule is made? Check al! tast apply.

_____ - Done for all projectis

_____ Compiexity of the project

_____ Duration of the prpject

_____ Dollar value of the 'project

_____ Project geographic iocation with respect to the office
The requirement of| specialized knowledge

_____ The requirement of| specialized squipment

_____ Project funding
Other (describe:

Is & schedule generated showing| a1l project amsignments (workload) of
individuals for each day (or wepk or month) of the construction season?

If yes, what time period is uped?

-———. Day Wepk Month

Outline the steps followed in mpking the sasignaments described in quesations |
through 4, above. MNote any:

—= specific methods (whefher manusl or automatad)

-~ software packages {napes and what has been done with them)

== any software designed specifically for your office

.~— other information usefl in the Process as well as the products
generated (include pxamples of any lists or schedules produced,
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6.

projects? Check all that apply.

_____ Project engineer (TE-5)
_____ Assistant project engineer {(TE-
_____ Office epgineer (TE-3}
_____ Construction engineer (TE-3)

_____ Others (list title with classif

7. Are changes in the comstruction projedt
impacts on field office personnel work!l

_____ No

_____ Yes, for some of the projects .
_____ Yes for all of the projecta

If yes, then
~- outline the procedures used,
how frequently workload evalu
avery two weeks, etc.),
what determined which project
complexity, doliar value, e

AL

Whe within the office is typically inve

ved in the assignment of permonnel to

4

cation:

schedules evaluated to delermine the
bads ?

gtion is done (avery day, every week,

will be evaluated (durmtion,
te. )




H for field office personnel exceeds that
Yo the steps listed, indicate the number of
in a typical constructien season.

Number of . gognibla Steps
—Times

B. What steps do you take if demen
assigned to the project? Next
times emch ptep would be taken

_________ Assign office staff not normally assigned to the fieid
_________ Requeat more permmpant staff positions

_________ Add temporary pers¢nomel

_________ Add overtime to workload

_________ Give inspectors responeibility for more pProjecta
_________ Shift persoonel fréem ogne project to mnother

_________ Transfer in help from other WSDOT offices

_________ Ask the contractorsg to adjust their schedules
_________ Change inspection Nethods to accommodate fewer people

_________ Change the sssigomqntas for batter personnal balance
Others {(describe:

@. When construction has slowed or stopped, what options for rescheduling do youy
Make use of? Use thes scale beldw to note how frequently you would use the
options listed.

1 -~ Never use this optidn
2 -~ Seldom use this option

3 == Usually use this optlien
4 -~ Often use this optian

_____ Use our office's dewign [function (anawer A below)

_____ For our office, coostrudtion goes on wll the time; personnel are
always working.

_____ The paperwork backlog friom previous construct

persaonnel busy in off akd slow aeamons.
_____ Personnel are temporarilly placed in snother officea.
_____ Perscanel are permsnentlly placed in another office.
_____ Personnel a&re sent to trpining classes.

‘‘‘‘ Personnel are assigned ofd jobs in the office.
_____ Other (describe:

ion season(s) keep

A. Does the design function allow You to reschedule construction persannel in
the off sesson fairly effectively? Check obe.

_____ Yes, the constructi¢n staff fit into the design function
reasonably well

_____ No, the non-constru¢tion sweason is too short for construction
staff to fit into the desigo section

_____ No, the constructiop wmtaff de¢ not fit into the design mection
well; they have trouble adjusting

_____ No, the constructioy
there is no time t4
design projectes

} mtoppages are almost slways temporary, sc
} et the construction staff familiar with
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10. Bow long prior to actually needing teo
find out about changes in the work sch
indicate the number of times and how f

rhange your manpower schedules do you
pdulea? Use the following chart to
pr in advence you would have prior
b in a typical construction season.

knowledge of changes that would come u

Lead

At start One Two One One
Time of Month Weeks Week Day
Cause Project
of Ueleays
S SSsEIEEEEEEaxZ ====:======B========= f=========-gf=ssssTsxzxcopEz==z=axs=o
EXAMPLE:
Weather -— —— 5 10 &0
Weather |
Altered Work
Methods (contr)}
________________________ _— e ——— it e
Alteread Work
Methods (WSDOT)
———————— - —— - -_— — e - —
DOT Staff |
Not Avail !
______________ e N P —
Contractor |
No Show
Changed .
Conditions '
_________ —— B TR  YIVRPRYY: SRR SU
Late Start on
Project
_______________ ] e T YUY VRSV S—
Late Starti on
Task
Material Source
Change
WSDOT Budgst
Problems
Environmental
Delays
SNV DO S, N . PO S .
Others:
=:======:======='====:=::=:=L:::::::::: EEERI =S¥ SSSS ST EIESSEISSSESEES
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11. The following is a list of patential problems which could limit the even use
of personnsl over s typical ﬁuiggdng Year. Use the following acale to
indicate the telative importmoce of each as » probles or limit. Also indicate
how often these scecur over a |typical calendar year.

1 -- unimportant (is not a Problem or limit)
2 ~- somewhat unimportant
3 -- important

4 -~ very important

5 -~ sxtremaly importent (isl s major problem or limit)

Scale Fregusncy Polan P o

______________ Lack of prpcedures or methsds to do workload scheduling
______________ Lack of tipe to analyte tesk level assignaents
______________ Lack of dejsjiled project schedule from WSDOT
______________ Lack of defailed project schedule from contractor
______________ Lack of relisble project schedule from contractor
______________ Poor proje t' desaign

______________ Lack of updated Project schedule froms contractor

______________ Lack of tigel to respond to schedule and/or personnel
changes

______________ Lack of prdcedures or methods to identify and respond to
changes !

______________ Uncerteinty of what secondary tasks could be done if
primary o o4 cannot be done as scheduled

e e Uncertainty in when Project activities will actually occur
{e.g., due to weather, changes, sarly completion
iscentived, ate, )

______________ Lack of adaquate personnel information

______________ Lack of interest of inspectors im projects

______________ Lack of capability in field office staff to do work

______________ Absenteeism ¢f ataff

______________ Lack of te work io staff

______________ Lack of adeqgiate equipment information

______________ Lack of alternatives for keeping persopnel in house in off
ssason '

————— e lack of compynications with outside WSDOT offices regarding

peraonpael

Others (describe and indiceate| importance:

A-12




12.

NOTE:
If you answered question pumber ] in this a4
answer question 13. If you answered questioy

13.

12
Is there anything else about scheduling
schedules that you do or think about do
describe f-;rly specifically what you dé

For each of ths following, ipdicate its

assigning specific personnel to Projects
scale;

1l -- upimportant (is oot a reasoa)

2 -- somewhat unisportant

3 -- important

4 -- very important

§ -- extremely important (is a major rg

_____ No need to do it

_____ Contracts are too small to bothed

_____ Assigning specific people to proj

_____ Lack of time

_____ The capability of deing it {(e.g.
available

_____ The ipformation on projects is nd

_____ Contractor’s schedule le not cleg
do this

_____ Contractor does not update achedy

_____ Lack of otber necessary informati

Other (describe and indicate importancas:

persunnel with projects and updating
ng not siready mentioned? Plaane
aod your 1d-l-1

ction (Section IIl, Operations) *NO",
1 "YES", do pot anawer question [3.

importence aes ® reason for not
or project tamks. Use the following

ason for not doing scheduling)

with this

ects is too unreliable to be of use
software and/or methodology) is not

t available soon enough
T of sccurate soough to sneble me to

le, so that I cannot update ay paople
on (limt:

END OF QUEBSTI

PNNALRE
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APPENDIX B
PROJECT ENGINEER INTERVIEWS - GENERAL OUTLINE

L Please show/tell me about the steps you take to do your personnel scheduling, both in planning for

manpowcr needs and in operations for short-term scheduling,

. How do you deal with projects and assigning people to them?
. What kind of time span are you comfoftable using?

. Do you monitor and update your schedules?

. How frequently do you update?

IL. How do you estimate project durations?

. Do you take into account any project delays?

IHL. What kinds of solutions do you usc to deal with {he pcaks and valleys of personnel use over a

calcndar year?

V. What kinds of difficultics do you encounter in your gresent personncl scheduling technique?

. What arc you doing to solve these problems?
. Do they have solutions?

. Would anything you don’t have now help you?
. Da you know where to get it from?

V. Do you use your microcomputers Lo help you schedulg?
. How, or why not?

. Would you like to?

VL. Do you have wrilten examples of your scheduling mdthod? May I have a copy?




VH. Is therc any information you are not get

ing for scheduling now Lhat you would like to have?

. Do you know where the infprmation can be found?
. Do you have access to it?
. Do you use any information from MMIS (future CPMS)? Do you want to?

VI Arc there any suggestions you have of things that you would like 1o see in a personnel scheduling

system?

IX. How do you sec current departmental prpcedurcs and policics?

. Have they alfccted you in apy way?

X. Is there anything you can think of regarding personnel scheduling that we have not talked about?
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APPENDIY
OTHER STATES’ PERSONNEL M

INTRODUCTION
In Chapter 3, the method used to collect data {3
purposes behind the collection of the data were:
to determine their existing personnel s
to identify problems and constraints wi
to discover if any of them had develg
scheduling management system; and
o obiain suggestions any of them
management that potentially could be §
Transportation.
The five states chosen were Michigan, Louisiana, Ohio|
brief descriptions of cach state’s construction inspectio

assessment of potential relevance 1o Washington.

[ C

ANAGEMENT SYSTEMS

om five other states was described. Bricfly, the

theduling management practices;
thin their systems;

ped a construction ficld office level personnel

could make regarding personnel scheduling

ipplicd to the Washington State Department of

North Dakota, and Wisconsin. Following are

h and personnel scheduling techniques and an

Note that, of the five statcs interviewed, ony Michigan is using computers to schedule

personnel. Several states use temporary on-sile ficld ¢
difficultics for computer set ups; other states do not b
technology. Though the FHWA (Federal Highway Adi
incorporating micros into their scheduling and enging
feasible.
The Michigan Department of Transportation
districts. Much of the organization of Michigan Depart

Washington State Dcpartment of Transportation in (h

{fices sct up by contractors, which can create

pve the funds or staff to incorporate the new

hinistration) is encouraging the states to begin

ering practices, this is not always considered

is hecadquartered at Lansing and has nine
neat of Transportation is similar to that of the

fit there are 53 permancnt construction ficld




offices with similar staffing levels, classificatd
of work load, thc methods are similar: ad
reassigning project inspectors and other cr
design tecams. The construction season
progressing in winter due to extreme colg
personnel use, and the construction ficld offi

In the construction field office, the

projects to determine the rcquired personng

which then submits them to headquarters.

ons and procedures. In dealing with the peaks and valleys
ling temporary employecs, Iending and borrowing crew,
ew members to work in design offices with the regional
is about April through November, with no contracts
and snow., Contractors’ schedules control field office
Les do all the required staking.

b Project Engincer uses the let schedule and carry over
| needs for the office; these are submitted to the district,

Headquarters analyzes the estimate using its computer

program, which is bascd on contract quanlities, the let schedule and the civil service classification

system, adjusting the Project Engineer’s eqtimates. The result is estimated person-hours for each

$1000 of construction.

Michigan is in the process of pulting micros into the construction ficld offices in a system

combining micro capabilities with mainfram
or her staff do personnel scheduling. The

schedule that lists procurcment and critical

t programs inlended to help the Project Engincer and his
contractor, once the project is awarded, submits a brief

dates (begin paving, open to traffic, completion). The

Project Engineer develops an estimated construction CPM and enters it into the micro, uploading it

eventually into the mainframe program.
uploaded to the mainframe as constructio
estimated CPM and critical dates, become th
office personnel usc csiimates.
The anticipated advantages of this sy
less record keeping time ang
automatic calculations of co
an carlicr awareness of over

immediate access to informj

Daily construction reports are fed into the micros and
i progresses.  These daily reports, combined with the

c basis for contractor payments, project tracking and field

stem, which is not yct out of the pilot study stage, include
 errors;

ils and quanlitics;

pges and schedule lags;

tion regarding project status for any project; and
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payment controls on the system that d

any problems and overages are cleared

b ot pay over 100 percent of the contract until

up.

The major problem Michigan DOT encounters in scheduling is that the let schedule is

unreliable. Of all the contracts lct, approximately 25 pe

reent slip. Headquarters, aware of this, tries to

adjust for it, basing the budget and the hiring and placerncnl of temporary employees on the estimated

let schedule. Reasons for letting slippage are similar
acquisition, switching funds from one project to another

Michigan's experience is somewhat relevant {

0 WSDOT's; problems in design, right of way
political urgency.

n the way it has connected its most general

personnel scheduling levels to its most detailed levels through the newly developed computer systems.

Headquarters maintains direct control over many pe

offices enter construction progress and field office pel

rsonncl scheduling issues by having the field

sonnel use data into the mainframe program

directly. The Project Engineer’s involvement in pergonnel scheduling is focused, then, mainly on

operations scheduling within his or her ficld office usipg personally developed project CPMs as the

basis for assignments.

Lovisiana

The Louisiana Department of Transportation & hcadquartered at Baton Rouge and has nine

districts. Headquarters administers the majority of the
consultants. Each district has an administrator with fo
works/design, accounting and construction.

In construction, 53 Project Engineers cover all

Jcsign functions, which arc mainly et to private

ar assistants, one cach for maintenance, public

nine districts, Under these Project Engineers

arc the project inspectors, who are certified in several dreas of expertisc (matcrials, testing, surveying,

etc.). Construction is year-round. Louisiana’s weather fis usually rain from November to February or

March. With little cold weather, everything except rais
rather than scasonal project shutdowns. Because of this

nor do design personncel do construction inspection.

C-3
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, construction personncel do not go into design,




Conltractors are responsible for all the construction surveying, project inspectors check the

ficld books after cach survey and do on-sitg
work done, the project inspectors will worl
employces as necessary.

The major constraint operating in
infirm, with projects delayed due to a varid

rclocation agreements negotiations, and con

checks if there are enough people available. To get the

overtime, and the Project Engineer will hire temporary

Louisiana is that, as in Washington, the let schedule is
ty of problems, including right of way acquisition, utility

sultants doing design. The latter frequently causes delays

during design as well as creating plans that hhve errors not discovercd until after construction begins.

In two arcas, Louisiana may have tc
First, Lounisiana seems to have had little tro)
contractor surveying may, in fact, help in the

restaking areas where contractors have not

scem to have much effect. In Louisiana the {

Louisiana also has a variation on th

recorded as comp time. The accumulated

carning it, and Project Engineers are aclivel
Comp time is used primarily to schedule in

stop, there is still a winter slowdown. All in

Chniques within its system that are relevant to Washington.
Lible with the contractors doing their own surveying, The
area of stakes loss. The WSDOT surveyors are constantly
been carcful to preserve stakes; penalties invoked do not
ontractor is responsiblc for maintaining the stakes.

E use of comp time. Louisiana requires all overtime to be
comp lime must be taken as leave within six months of
y involved in encouraging their crews to take that leave.
Spectors in off-pcak times. While construction does not

spectors with accumulated comp leave are encouraged to

take the leave time. Inspection funding thuy is spread more evenly over the year. Using leave within

six months also gives the Project Enginecr a §ime frame for personnel scheduling using leave.

Ohio

The Ohio Department of Transportd

Headquarters is responsible for various pref

the contractors’ schedules. Districts are

everything to do with direct construction insp

tion is headquartcred at Columbus and has eight districts.
construction approvals, letting contracts and approval of
responsible for design/location, surveying, testing and

Fction.
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The responsibility for what happens during construction inspection in each district rests on the

District Construction Engineer. Depending on the dis
him or her (that is, a total of about 32 Project Engincer

under each Project Enginecr. Ohio has no fixed field o

rict, about four Project Engincers work under
s statewide), with eight to ten project inspectors

fices. Project Enginecrs and project inspectors

live and are sent to projects anywhere in the district. Often, the project inspeclor is the only person on

the project.

maintenance work,

Off-season assignments for project ipspectors include final records, design and

The contractor is responsible for two areas: project surveying (except for sctting monuments),

and establishing an on-site field office for the project in{
complex project is usually where the Project Enginec
responsible for all projects in their sections of the dist
centralized location is ideal for this.

Constraints on personnel scheduling include pe
funding. For example, one personnel rulc requires that
where the project inspector lives is paid time. Therd

project is assigned to it, which requires skillful perso

peetor. A centrally located project, or large or
has his or her office. Project Engineers are

ict, so must travel to all of them frequently; a

rsonncl system rules and practices, training and

travcl distance in time over 20 miles away from

fore, the project inspector living closest to a

nnel scheduling to minimize cost.  Almost in

opposition to this rule, a condition of cmployment is that any project inspector can be moved 1o any

place in the state that nceds a project inspector. Thus, the Project Engincers cannot be cerlain that the

project inspectors for this season will be the same noxt scason. Added to the chronic shortage of

project inspectors in Ohio, these conditions alone cause

In training, the constraint is that the Project H

employces as might be required.

inspection techniques and project inspectors in maintef

permanent employces that may be short on work during]

fulfill the need for inspection personnel,

Instead, Ohio 11

personnel scheduling headaches.

nginecr is not free to hirc as many temporary
ains maintcnance personnel in construction
pance. This allows reciprocal reassignment of

various season. Howevcr, this docs not always




Funding is another constraint, thoygh not in the expected fashion. Ohio frequently inspects
projects in which the funds are matched by ja municipality. The municipalitics do not feel they should
pay for charges on projects that are not acjually being inspected in the field. Ohio’s Dcpartment of
Transportation is protective of its rclationship with the municipalities, so the department absorbs much
of the non-construction inspection costs (finpl records, office engincering, management, cte.). Instcad,
other projects are overcharged to cover thes¢ additional costs, €ausing overruns,

in gencral, the Ohio Department of Transportation is less well organized than Washington in
terms of personnel scheduling management] However, in the area of training maintenance personnel
in lieu of hiring temporary employees, Ohip may have a relevant idea. The ability to switch people
between these two divisions may alleviate some training problems (less training needed for permanent
employces year (o year) and fill spots where frews are requircd quickly.

North Dakota

The North Dakota Department of Transportation is headquartered at Bismarck and has eight
districts. Headgquarters maintains a close relptionship with construction inspection by setting inspection
standards and assigning inspection personnel.

The process used to schedule cons|ruction inspection has several steps. First, hcadquarters
scts up the main divisions (such as surveying) for the contracts. The number of crews required are set
by the number of contracts both lct that seaspn and continuing from the previous season. Based on the
contracts, headquarters assigns each distrift a number of hours that can be filled by temporary
personnel,

Each district has a Project Coordiator with approximately twenty construction employees.
Project inspectors, called project managers,|are responsible for direct on-site project inspection and
must be either state certified (non-licenseql) or licensed engineers. Senior project managers arc
responsible for multiple and complex projecty. Each project manager is assigned an inspection crew.

Construction stall arc considered part of a statewidc "pool.” The project managers and their

crews may be assigned Lo projects anywherd in the state by the District Construction Coordinator in

C-6




headquarters. Assignments are as close to the project 1
together, when possible. For a project, first consideraf
district where the project is.

Project managers, their crews and equipmen

panager’s home as possible, and crews are kept

ion is for the pool employees living within the

necessary are scheduled manually using the

schedule sheet in Figure C-1. One sheet is completed for each district, then a master is completed for

statewide totals, Let dates are also entered on this fl
advance for budgeting and personnel projections, with
completed.

Contractors are required to establish a ficld o
project manager and his or her crew. The project maﬁan
temporary personnel required, and makes certain
Inspection has a peak season of about six weeks, whqi:r
over two hundred temporary employees may be hired s
needed rather than permanently assigned,

Contractors’ schedules are submitted 1o the prq
delineating major tasks. The completion date controls
contractor; as is true in Washington, the timing of tas
contractor. More complex projects have weekly progrd
reports distributed to all concerned parties, inc
communications report changes to all parties if progress

Rainy weather in North Dakota can interfere
cause early scason shutdowns. Winter, which is harsh

down projects. Thesc factors restrict the construction sd

When projects are shut down, permanent empl

brm, Scheduling is done up to three years in

exact crew assignments made after the form is

fice on the construction site for the use of the
per assigns people to inspection tasks, hires any
hat all the personnel are not overworked.
£ everyone is stretched thin, During a scason,

tatewide, and survey crews are put together as

ject manager, usually in the form of a bar chart
prioritics for both the projeet manager and the
ks depends on the other contracts held by the
ss meetings, and, as rcquired, weekly progress
uding arca business people.  Telephone
schedules arc unavailable.

vith construction. If bad enough, the rain can
with low temperatures and snow, also closes

ason greatly,

byces are reassigned to design, bridge division,

planning and final records. Weather permitting, prelimjinary construction surveying, design surveying,

roadway crack surveys and bridge inventories are done
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this work and construction inspection crews. Mainten
inspection needs, and some inspection crew members std
Assignments, except for temporary employees,
the District Project Coordinator and his or her staff ¢of
manager and Project Coordinator regarding personnel of
to day) assignments arc the project manager’s responsib
This state does not have very much that recq
manual personnel scheduling technique for planning, 7
bar chart that could be used by the Project Engincer
LOTUS 1-2-3.
VWisconsin
The Wisconsin Department of Transportation|
districts. Headquarters scts guidelines for everything o
etc.). Bistricts are autonomous, with construction staff
district construction staff is dependent on "program size
and time span of projects, availablc staff, and their r4
Specific assignments are madc by considering the entirc
Each district’s hicrarchy consists of the Distrig
Construction Supervisor for an assistani, The Arca {

contracts let in the district and dirccls several Projed

Project Engineers ensure that the inspectors assigned
Wisconsin, comstruction inspection is separate from m4

work directly out of the district office on all projects inth

'Quotations are from a letter dated July 30, 1987, fy
It was written in response to the tclephone interview of 4
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pnce people are called on to help meet peak
ff the snow plows in winter.

are handled by headquarters. This means that
little planning. Input is asked of the project
pcded for particular projects. Operations (day
lity.

mmends itself to Washington except for the
he form used for projecting needs is a simple

for planning,m cither in manwal form or on

is hcadquartered in Madison and has eight
wnnected with inspection (materials, surveying,
assigned at district level. The total number of
type of projects, size of projects, starling time
cent experiences with personnel allocation !
flistrict a "pool” of employees.

t Chiel Construction Engincer with the Area
Construction Supervisor is responsible for all
t Engincers in construction iaspection. The
to them properly oversee the contracts. In

terials testing in that the materials inspectors

e district.

om David A. Jenscn, Specifications Engineer.
few days earlier.




Consultants arc used to do constn
testing and administration. This allows tho
According to Mr. Jensen, privatc consultant
coniracts let between 1982 and 1986. This
In 1987, this pereentage rose to about 20 py
between 25 and 50 percent of the contra
consuitants’ work and gives the consuitant
just as is done for the departmental inspectq

Contracts managed by state person
laboratory by the contractor. The Project
office and is in charge of several proximatc
the district "pool." The Project Engincer, wi

Contractors are pre-qualified befor,
contracts will not go into default or be del
pre-qualification ratcs each contractor by p3
contracts on which he or she can bid. The p

Since the districts are autonomous,
there is a permanent design section; the smd
design. Mr. Jensen writes:

Thc "pool” concept in staffing const

districts, Some consider all desi
staff between field and office to

uction management tasks, including inspection, surveying,

state to hire only a minimum number of permanent staff.

s have been retained to do construction management on 74

represents about 4 percent of the total contracts per year.

treent, and for fiscal 1988, this percentage is planned to be

tts let. The Area Construction Supervisor oversces the

guidance to ensure the projects are constructed properly,
rs.

nel must be furnished an on-site ficld office and materials

Enginecr operates out of this temporary construction field

projects. His or her support personnel are assigned from

th a chronic staff shortage, must schedule staff wisely.
P being allowed to bid on a project. This helps cnsure that

hyed by a contractor’s inability to perform the work. The

st performance and limits the maximum dollar amounts of

re-qualification is renewed yearly.

staff can be scheduled according to need. In large districts,

ller districts use the same people for both construction and

ryction projects has several variations among our
ers available for ficld assignment, others rotate
in cxperience, others designate full-time design

staff. Most construction personngl in from the field are expected to (1) finish
construction project paperwork (2) [do assigned design tasks until the start of the next
construction season (3) prepare in-gffice for their next construction assignment to the
extent possible after letting and (4) participate in training.

Snow, ice and cold temperatures cause wint
The legislaturc has a direct say in

projects and sctting thc number of tempf

shutdowns between November 1 and April 15,
w many staff can be hired by allocating funds, approving

)riary employces that may be hired. These temporary
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employees can be hired for as long as 11 months andl are frequently civil engineering students on

summer break.

The relationship between private consultants qnd the state has been strained by the practice

(until recently) of "raiding” the state inspectors for conpultant construction superintendents. This has
mainly been stopped by mutual consent.

Because of the chronic staff shortages, several ftaff reduction techniques have been instituted.
All are accepted by the FHWA. These techniques include spot checking truck weights rather than
checking all of the weights all the time; automatic plant operations for paving with pay weights
recorded and printed electronicaily; paying the contracfor by plan quantitics, not on ficld surveying on
smaller straightforward projects; and establishing expeft "floating” crews that do only certain types of
inspection cither districtwide or statewide. These techniques have enabled Wisconsin DOT to keep
staff needs to a minimum.

Wisconsin does not require the Project Engirjeer to be responsible for all the construction
funds. The information for payment to both contracqors and state staff is sent to headquarters via
district offices, and headquarters attends to the paymen{s. This removes somc of the pressure from the

construction field office for cost control, and allows the Project Engineer a little more scheduling

freedom.




