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.. son the accuracy of the lcllvlly durltlon estinates. During

ABSTRACT _

+  Reliability of Project duration férecast depends mainly

project implementation, many uncertain byt predictable

variables dynamically affect the -activity duration.

Currently, this” impact _ is considered ' intultively,the

effectiveness - of which depends on the ekill of the

scheduling engineer. This research identifies the need for

a model which' can ‘simulate the  project edvironment’

incorporate the combined impact of the uncer

in the activity duration estimates.

significant uncertainty variables are discussed along -
P

vitt\ randon sampling procedures for q\un:lflnl their impact.
A computer model "PRODUF" -mul-u. and : incorporates - the
combined impact 1in activity duration’ estimates. PRODUF
computes a distribution of duration estimates for each
activity. Monte Carlo simulation on such distributions

gives a probability distribution for the tactical plan

completion time \ This is vsed at every progress review to

‘develop projaculunmn forecast from the strategic plas.

The PRODUF mpdel has many applications. It can be used

to generate forecast of project duration with associated

probability., It can be used to determine -the criticality

index of an activity. The sensitivity of the activities to .

an uncertainty variable can be measured. As an extension of

PRODUF,an improvised gaming model in project scheduling can

be developed. Application of ~PRODUF to- a hydro project.

highlights its practicality.
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Chapter 1

.PROBLEM DEFINITION

1.1 INTRODUCTION : :
T

A relisble forecast of project “ completion date and
prevention of delays ate - major concerms of an® project,’
manager. This s g0 because overhead, finterest and

\ scalation costs incurred during the project delay period on

off-schedule projects, more often than not, result in cost
overrun.

It is keown that reliability of a project duration
forecest  depends on the accuracy of network logic,
dependsdbility of fndividual activity duration estimate and

inclusion of the ispact'-of the various uncertainty varisbles

)

veather, ~productivity

in the project environment such
level etc on the durstion estimstes. During project

implesentation , many uncertain but predictable variables

R

dynanically affect' the activity duration. Currently, to

forecast project duration, their impact 1s estimated

intuitively, the effectiveness of which depends upon the

ski1l of the estimator. Further, a profem arises 1in

quantifying the combined impact of the uncertainty

For more reliable forecast of project .duration,
Hipct;

W

variabl




‘a -computer model 1s needed [6] which can simulate thes

expected occurrence of the uncertainty variables based on
bisdetonl © rerordls Ee oo fhes explicitly analyse and
quantify their combined fmpact, and innnrpnr;l’.e it in the
activity duration estimates. Instead of a single value, the
sinulation cangive a distribution oF the duration estimites
Enx‘zs;:h'nctivlcy. Such activity duration distributions &%
useful in making a reliable estinate of the upe:‘:ed« deXIy
or ‘Adv‘u‘u:ement ‘of ‘the prodect: They can also be used to
forecast project completion time and to ‘evaluste the
probability of al:hievin; the original, schedule. Such'a

model should be able to generate 'additional hanagement

information such as & criticality index for each activity,

point out the need foria schedule revision, and compute the

level of sensitivity. of an activity to an uncertainty
«

variible. ALl thks 'is ted to glve management an
Lnsight {nto the project - schedule so it can take appropriate
timely corrective action to keep the projegt .nn P;heddl;.
Having {ntroduced the problem, this :h-p:gi will elaborate

1t under the following headings:

1. Need for a realistic' forecast of _project
{cnnple(inn time = e

2. State of the art

3. Project environment

4. Uncertainty varidbles and thefr dynamic nature

5. Combined impact of the uncertainty variables




P At the planning stage, the

the project .completion time.  As

Problem statement

i 1.2 NEED FOR A REALISTIC FORECAST OF PROJECT COMPLETION

progress 1is evaluated to make a revised forecast.

. 1s

¢ the following reasons:

Sensitivity analysis shows [3] cthat project
sqhedule is the most critical cost parameter.

Many studies [7] . have revealed that it is
possible to make a relatively greater percentage
of recovery if the potential delay is recognized
early jin ‘the 1life of a project. The potential
recoverz decreases as one proceeds through the
project wuntil a time 1is reached when it is no
longer possible. The early indication of a delay
through a reliable forecast allows decisions to
be made in a less hectic environment.

A delay in project completion time can cause a
cost escalation which will not be less than the
inflation, overhead and additional interest cost
for. the period.’ A realistic forecast gives a
clear picture allowing alternative decisions
involving time/cost trade offs to be made.

Many tontracts have liquidated damage clause
relating to delays in ,project execution.
realistic forecast of delay provides an early
warning of exposure to such liquidated damages.

Slippage in the field schedule may cause the work
to be done after a new labor- settlement of wages;
always at a shigher cost 4in 1light of current
market aod labor conditions. Some work may be
pushed from good to bad weather with a tremendous
loss of efficlency. It means higher cost to the
contractor, an unhappy client, loss of revenue
and a bad reputation. All this can be prevented
by a|reliable forecast. E

In |a production oriented  project, the

project schedule forecasts

the project progresses,

A

reliable forecast of project completion time 1is essential
i % :




marketability of the product gets affected if it
5 . arrives the market late due to project delays
3 [28]. Any delay in projects relating to
infrastructure facilities upsets the economic
feasibility of projects - that depend on
facilities. An avareness of the currenmt _pri
status' along with reliable forecasts helps keep
the project on schedule.

7. Many problems that cause project delays are often
realised only after the project is complete = a
hindsight phenomenon. A realistic forecast can
~warn about such problems even before they arise |
and either prevent them or reduce their intemsity |
- forewarned 1s forearmed: i P
]

das SfATB OF THE ART

i A project can be described as an input - output model.

i Time, Money and resources are the inmputs. It results in

output such a8 bulldings, tndustrial plamt etc. A project
cycle aids 1n this transformation.  The project eycle *
‘comprises of planning and scheduling, 1npl;uentnzlom
progress evaluatlon and updating nd corrective action and

plan modification as shown in Figure l-1. :

_1.3.1 PROJECT PLANKING AND SCHEDULIRG 4 ® vt

The project planning and scheduling is concerned with
: - [
" the devolopment of a scheme .of action for the tasks

. ) s .
. comprising the project.  The - purpose of| planning is to
iy ¥

enaure that the project can progress -topards its end
objective. 1In fact, most of the troubles that confront the

project management are traceable directly ~to. faulty

planning. While it is {mpossible to detail the activities
- of the entire project at the time the project is dinitiaced,
\ .




PROJECT . &

PLANNING =
8 SCHEDULING
o
- PROJECT
- ACTION AND &
PLAN MODIFICATION : IMPLEMENTATION
. @ ) . % @
- “ PROGRESS
* EVALUATION

8 UPDATING
@)

’  rFigure 1-1: Project cycle o .

oy

projects are generally planned at two levels : strategic
plan for the entire duration of the project and tactieal
plan. for 3=4 reporting periods. A reporting period 1s”
normally a month, but can vary depending on the information
‘needs of the manager. The strategic plan outlines, the major -
activities of the project in the form of Critical Path
Method (CPH) “network.  The' tactical pian is also a CPM

network, developed on a recurring basis, but consists of

detailed activities of the project for thé current and
three/four subsequent reporting perioda. Normally a
contingency time ‘allowance for unforeseen circumstances is

made as a fictitious activity at the end of the strategic’




% :
plan.  This allowance represents the number of days of
"slip” that can occur before the project becomes late [26].
At this point, {t is worth reviewing the cufrent procedure

of estimating activity duration. -
1.3.1.1 Activity Duration Estimate

The du:r.tlon of an activity {s estimated using the work
content  of the activity, average productivity and resources
used. It is a prediction based on the éurrent information
available: The Fccuracy of the estimate s dependant on the
reliability nf‘:he historical data. As - a general rule,
duration estimates .should be provided. only by those
responsible for implementing the activity. At the tactical
plan level, construction activities sre generally assigned
deterministic duration after intuitively incorporating the
coubined mpier ©of the wncsrvalvty veclabless Tn the
Program’ Evaluation and Re‘vlew Techinique (PERT) three
duration estimates : optimistic, pessimistic and most likely
are provided for each activity.  These are based on
experience from similar projects, elthg;drl‘in from the
memory of the estimator or. from the historical data. In
both the cases the estimates are Sublebtive. . These
estimates are also based on the opinions from a group Of

individuals knowledgeable in the activities to be performed

eing ' subjective, the duration estimates are p!on:f

all vagaries of human nature. For dimstance, one cguld’

expect 'that time estimates made by individuals would depend




upon their basic optimistic/pessimistic nature, current

moods and coats to them for making inaccurate estimates.
1.3.1.2 Scheduling

During the planning stage,” resource availability and
other similar constraints are not considered. It is at the

scheduling stage

that consideration is given to these
conatraints. Schedules form the measure against. which the
progress ‘is * evaluated and .serves as the basis for

forecasting project completion time.
1.3.2 PROJECT IMPLEMERTATIOR

Once the project planning and scheduling 1is complete,
“the. project implementation starts 4in accordance with the
schedule. Duting implementation, the uncertalaty varisbles.
cause a deviation from the original plan. In most cases,
thc‘ deviation will normally be apn increase in the durntion
planned for an activity. This has to be identified as early

as possible to avold project delay and or cost overrun.

1.3.3 PROGRESS EVALUATION ARD UPDATIKRG.

During project implementation, progress is monitored and
feedback 1s used to update the plan. Project feedback

becomes availsble only aft

the project has been in
progress for sometime. Progresas evaluation involves
progress data collection and reporting and use of the

feedback for updating purposes. During progress evaluation,




the schedule status is reviewed and unfinished actiyities
are rescheduled using the current project status. Updating
fénuizen compuiss procebsing ¥id a typlesl neteit ; susivais
compiter program, the input-output from which is illustrated

in Figure 1-2.

1. PROJECT PLAN ; I. UPDATED SCHEDULE
2. PROGRESS FEEDBACK OR THREE

3. INTUITIVELY REVISED
-ACTIVITY DURATION
ESTIMATES

REPORTING PERIODS
. REVISED PROJECT
SCHEDULE IF THE
CONTINGENCY TIME
ALLOWANCE IS
EXHAUSTED

SOF TWARE.

Pigure 1-2: Input-Oucput from a computer program
d for updating

It is clear from the figure that the curreatly available
. :

updating  procedures do not. incorporate explicitly the

combined impact of the uncertainty variablds.

During progress evaluation, management evaluates  actual

against planned progress, identifies causes of delays in
viev of the experience gained, and revises activity duration
estimates. Differenc methods of progress reporting and the
corresponding updAtln| pro:edurn. are 1in use. A brief

explanation of the different available methods=follows.




1.3.3.1 Porecasting Project Duration Based On Original

Schedule
In this method, the revised project cnnplnlion time 1s

‘fonu-ud on the assufption that the activities thereafter

will proceed as per the original -cneauua‘ duration.
Therefore, the time required to complete the remaining
activities .is calculated using the original schedulé.lt is
then added with the elapsed time as shown in Figure 1-3.
’ o . DELAY
FORECAST *
i —A—

% PROGRESS ~

| S — :

ORIGINAL PROJECT DURATION —L
[ EAGEE0 < oumATIoN FoR REMAWING womK

P——————— neviseo proszcT DURATION —— ] « I

Figure 1-3:  Forecast of project duration
f original schedule

It shows that from "time now" onwards, the project wiil




follow™ the original schedule... The projected delay
the end 1s:equal to the delay "4" experienced to date.

This method has two limitations

consider,for future. prediction the trend of the

performance accomplished on the project activities. Second,

N
there is no provision to accommodate the effect of the
¢ .

uncertainty variables.

1.3.3.2 Forecasting Project Duration Based On P

Performance

In this method, the duration to complete the -remaining

work is forecasted by extripolating from the progress
accomplished in the past. The extrapolated duration, when
added to the elapsed time, gives the total project duration
as shown in Figure 1-4. The major 11!1[.!:10!\7 "t)f this
approach 1s the anticipation (rightly or wrongly) that the

remaining work will follow the trend established so far.
1.3.3.3 Forecasting Project Duration Based On Current Status

In this method, neither the original estimate nor the
extrapolated duration 1s constdeTal, a8 the. L6 Vasle Tox
forecasting. The ce-Qia:ea dctivities have actual
durations. The eatisates of duration for the activitiss not

started and the activities 1in progr.

are rtevised by

intuitively considering -the‘ impact of the various

Wncertainty varisbles. This method, as shown in Figure 1-5,

s currently widely adopted for progress evaluation shd is

5
First,it does « not




EXTRAPOLATED
DELAY

PROGRESS

LY

ORIGINAL PROVECT DURATION —‘——J" s
ELAPSED !
F e _+.—_._ EXTRAPOLATED OURATION' .
—_ IIVIIID PROJECT DUIATI“ -
If

rigure i-4:  Forecast of project dufation based on

o past performance

more relfable compared to the preceding methods. The only

linitation 4s the subjectivity in incorporating the impact
of .the uncertainty varisbles in the activity duration
ulll‘Iltcl.

- |
1.3.4 CORRECTIVE ACTION AND PLAN MODIFICATION &

As already stated, corrective action  to bring the
project on schedule {s specified .in order to offset the

impact of the uncertainty variables. At every progre

review, this impact 4is considered, altfough intuitively.

-




% PROGRESS

Z < TIME NOW #

z

. 1
ORIGINAL PROJECT DURATION ‘h‘l \
-5".;:’:"4——————‘ DURATION FOR REMAINING WORK
. REVISED PROJECT DURATION

Figure 1-5:

Porecast of project duration based on
Current status
i Z

Thus the reliability. of the activity duration esti

project completion time forecast and the effectiveness of

the corrective 'me.

ures, all depend on the adequate
incorporation of the combined {fmpact of the uncertainty

viriables. :

Modification to the strategic plan occurs when it is

forecasted that the contingency time allowance is exhausted.

The project cycle is repeated until the pruj:j: 1s complete.

From the preceding discussion of th project cycle

vis-a-vis the forecast of project completion time, 1t is




clear  that no analysis or simulation techaique is used to
incorporate the combined impact of the significant
uncertainty variables. Thus, project ;-n’;enent is unable

to reliably anticipate the poteiitial schedule delays.

1.4 PROJECT ENVIRONMENT d -

A reviéw. of the “.project environmeéf will “bring the
project . uncertainties 1into focus. Owners, contractors and
consultants on many large and medium size projects, use
network planning for forecasting project duration. During
planning, certain environmental conditions such as weather,
labor avallability, soil conditions etc. are assumed
depending upon project location and date of performing the
activity. These ;'tllltes would hold 1f the project
environnest sssumad diring plannfag Ve t ‘vewatal Tetated
during the entire lmplementation period. But in real life,
the project environment, comptising many. uncertainties, 1s
dynsatc and affects activity duratlon. Uncertainties are
classified as predictable and unpredictable.  Predictable
uncertainties are those in which past information will

permit a quantitative assessment of the risk involved. ' Past

behaviour can give a b

1s for assisting in predicting

future: behaviour but statistical extrapolations are

sometimes misleading and dangerous. The best ex of

pl

the predicable uncertainty variables are weather, space

congestion, crew absguteeism, learning curve effect etc.
The 'unpredictable uncertainties include wild cat labor

strikes, war, contract litigations etc.




Project delays can beftdensxfxgd and accommodated to the
extent |that one 1s able to detect and quantify the
uncercainties. The assessment of their impact ts a complex
problem because the variables are non mutually exclusive and
are dot statistically independent. For example, an sctivity
1ike pouring concrete is more sensitive to weather than an

activity like ' 1interfor painting ‘or indoor equipment

|

erection. Again, the impact of weather on pouring concrete |
will vary depending on the time of year. Due to the impact
of many such uncertalnty variables, the activity durations

will deviate from the original estimate. This may result in

making another set of activities critical. Most current

project scheduling and updating systems give a deterministic

" project completion time and have no provision to simulate

the project environment to evaluate the expected impact of

"
* uncertainties on activity durations. If the project

schedule ~ is to be met, there must be a reliable method for

detecting and remedying the causes of. delay.

1.5 UNCERTAINTY VARIABLES AFPECTING ACTIVITY DURATION

ESTIMATES

. ? .
Some of the uncertainty variables that ‘cause deviation

in dctivity duration estimates are:

1. learning curve 7. Foundation copditions
2. Weather . 8. Design data collection
3. Space congestion 9. Drawing approval schedule

4. Crew absenteeism 10.: Inspection schedule
5. Regulatory requirements 1l. .Ineffective supervision
6. Design changes and rework 12, Inefficient comsultant
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13. Economic activity level . 17. Building code
14, Labour unrest 18. Trapsportatfon schedule
15. Crew interfacing 19. Legal problems .,
16.. Project complexity 20. Union problems, etc
R 21. Construction materials
delivery schedule
Three observations can be made : First, only a few of the
P preceding variables affect all activities. Second, even
this -long list 4s not exhaustive and activities may be
affected by yet other variables. Third, some varisbles may '
o have a more significant impact than others. o S
&, cu % % The selection of significant variablés should be based

on the following considerations:

1. Effect on most activities from the project's comcept

to commissioning stage.
2. Uncertalnty variables shown by research to have
significant impact. ) ) X,
# . It is known that the average prod+n:ivity, the basts for

.fthe activity duration estimate, assymes a certain learning

curve effect. As the project .progresses, deviations ‘such as .

.activity interruptions, ineffective supervision, experienced

b ks
‘crew leaving the.site etc. continuously cause —varfation in

the learning 'curve effect [23] reswlting 4n fincreased

activity duration. .

Baldwin and Mantres in their paper "Causes of .Delay in

Coﬂl ruction Industry” state [24] that their survey

condicted among cngineers, architects and contractors ranked

weather as the topmost uncertainty variable. According to

Neal, 50 percent of the comstruction activities are affected

by.weather [21].. . )




The . U.S.Dept. of Labor identified [9] space congestion |

as-an importgnt topic for further research. Borcherding
ging,

states 10] that -about five manhours per craftsmen per week
are lost due to space congestion and overcrowded work areas.

The preceding study also revealed that crew absenteeism

1s a wmajor menace in the cofstruction indystry and, ¢n an

AVETiEs VETKEUEYE,, ENe Eungs &E WELly evesiVealsn WAETER
h;tuaeq 3  to 10 percent. Ab-enseexsm has_been observed .to
be as high ‘as 50 percent on cold and rainy days. |

Suhanic in his paper “Change ofders ' Tmpact on
Construction Scn.edule" ua:a‘- [8) that design chnnges pnd

the subsequent rework account for 20 percent dehy on-'

project. Borcherding quotes result of a survey [10] in-

which 59 percent-of ‘the tradesmen surveyed 'viewed rework
activitfes as a hxndranc’e' to the job progress. - The task

force to study the cuusea of two years delly 4n Trans Canada

/phr'l/neS'layu thie h#ame [4] -primarily on the Vidious, "

regulatory procedures annued. N o
Siailarly the econontc - uctlvl:y .prevailing -i: the
project locale affects the productivity ruuxung in an
impact on ‘duuno&,_. 1f ‘the activity level dis 'high, the
dem-‘n; for lsba:;’h\nréulu resulting in :vhe~1nf:r‘eknl‘n;;'

i 2
employment of marginally qualified craftsmen. Due €o. the

increase in the nudber of-projects, many -Job openings become |

available resulting in the {ncreased turnover. ~ All these
situations ~cause ‘a disruptive, inefficient situation
resulting in lower productivity and extended activity®

_duration. = . \




. Laboi™ unrest, many times, becomes significant during

certain periods of project implementation. During the past,

s g }uny projects have come to a standstill for days 6t months
: " due to ubo: strikes. It 1s poseible to nn:ici{me the
‘ : . up-u on productivity Lf any wage contract negotiations are
i "due during the tactical, plan period. ‘

In addition, certain activities nay have .a specific

uncertainty variable capable of causing delay. It s

therefore necessary to keep provision for accommodating one'.

specific uncertainty variable. -

Y .Bas \d on the preceding discussions, a few nncertalnty

““variables, which significantl§ affect most of the activities

*from  the beginning to the end of a project, are.selected as

. : significant uncertainty variables, as shown in FIgure 1-6.

! . These are :

“1.learning curve- 6.Design changes and Rework
2.Weather 7.Economic activity level.
i*37Space Congestipa 8.Labor unrest 3
4.Crew absenteedsm % 9.Specific uncertainty vuuue :
5.Regulatory requ!enenn 3
- 4 B

‘lhe various

uncertainty variables that affect uctlvi:y

dut :un estimates, can be classified into two groups

1. variables the influence -of which depends on the

P project calendar date when the activity Ls performed.

Weather, crew absenteeism, economic , conditions etc. are.

.. such variables. , These will be <alled : time dependen;

“variables. <
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LEARNING CURVE

WEATHER

PACE
ONGESTION

ACTIVITY
DURATION

CREW
ABSENTEEISM

ECONOMIC

REGULATORY: | *
ATIVITY REQUIRENENTS
LEVEL - %
ESION CHANGES
~AND
“REWORK

Figure 1-6: Significant uncertainty variables

« .2. Varisbles that affect productivity regardless of the
time’ of “the year when work is performed. Learning curve

effect, space congestion, design changes and ' rework etc.,

até  some of the examples. These will be called
/ ] )

independent variables.

1.7. DYNAHIC NATURE OF THE INFLUENCE OF THE UNCERTAINTY
. D e

- VARIABLES

The impact of the uncertainty variables on the duration
estimate of an activity 1is dynamic’ and ‘depends on the

# G ’
N ¢ M




project enviromment for the activity. For exampley, consider

the.influence of weather. ° It has' more -influence on

"excavation” than'on equipment erection inside an enclosur,

.

Again, the delay in the excavation activity due to the time

dependent variable, wveather, will vary depending on the

calendar dafe when excavation is actually carried nu:(\

Similarly the original schedule way not have any . delay due

to . space congestion, but $as the project progresses, certain

‘activities get shifted and

cause space congestion resulting

in delays. Further, {f the project gets delayed and moves

into a period of high economic activity, lower productivity

results. All this shows the dynasic nature of the

uncertainty variables and” indicates that there 14 possibly a

significant correlation among the uncertainty variables.
2 v .

1.8 COMBINED IMPACT OF THE UNCERTAINTY VARIABLES

BE. UNCERTAIL

The . present planning,

consider the impact of

scheduling .and updating methods

the wuncertainty variables only

intuitively and do not simulate the project environment to

combine their impact 1in' reestimating activity durations.:

Further, = there Ls no means available _to measute the’

likelihood of an activity

becoming critical due to the

‘influence of the wuncertainty variables. Also 1f the

sensitivity' of an activity, to diffefent uncertainty

varisbles 4s known, the" management: can possibly give

required sttention to it:

From the literature survey, it is observed that Baldwin,




Mantres, Cates, Scarps, Parviz, O'Shea and Suhanic have made
studies (8, 9, 18,° 23, 2, 25] on the Influence of
individual uncertainty verisbles. Halpin and Woodhead have
developed [L8] project management games incorporating the
influence of a few uncertainty varisbles on subjective
basis. Receptly, researchers have extended (13, 17] the
gaming model to make a reliasble forecast of project

completion time. The following deficiencies are observed:
Although some models consider the individual
impact of some of the uncertainty varisbles over
activity duration, only a start has been made to
combine thelr impact. Methods accounting for the
combined impact of significant. uncertainty
varisbles from simulated project environment to
give management additional insight into activity
and project duration distribution are not
avatlable.

~

Not many forecasting models distinguish between
strateglc and tactical plans. It makes sense to
treat'then separately becsyse changes in the
project environment can be predicted with greater
confidence for the shorter tacticsl plan period
while simulating pro ject environment.

3. Two types of progress reports are required
separately for the executive level and top level’
management respectively.  Currently, project ..
updating procedures stop at project schedules
suitsble to executive level mansgement. The top
level management needs project schedules which
consider the combined impact of the uncertainty
varisbles. The reliability of management reports
generated based on PERT estimates is questionable
since these estinates are subjective in nature.
Reports based on simulation of the impact of the
uncertainty variables will certsinty be more
relisble. A nodel that can generate progress
reports both for the executive snd top level
management does not ‘exist. Such a model will be
useful since the adoption of any nev model in the
construction industry depends on its capability
to enhance reliability of  {nformation for
management use vith least. disturbance to the

existing procedures.

‘, b




These defi'ciencies pinpoint the problem and can be restated

to define the objectives and the scope of the re
‘1.9 OBJECTIVES OF THE RESEARCH. .,

1. To define the various significant uncertainty
variables, and to devise a sultable method of
simulating their impact.on the activity duration
estimates. .

2. To deternine through simulation, at each progress
- review, the combined impact of all uncertainty
- variables, incorporate it  in  the duration s
estimates of tactical plan activities and obtain
the expected activity duration distribution.

3. To deternine from simulation .the tactical plan
completion time distributiony ° N i

4. To determine  from eimulation the alternate’

project'completion fime distribution using the .
strategic plag. i \

S. To predict tHe probability of meeting a schedule
dead line fro the distribution of project
completion tide.

6. To - determine the criticality dindex for the

= tactical plan activities and also evaluate their -
sensitivity to the.specific uncertainty variable
that cesuses ssjor delay In their completion.

7. To independently perform the preceding analysis
using . the availsble progress data and also
vithout  disturbing the existing  updating ;
procedures. ¢

8. 7o 4investigste the other applications of the
model. - ’ ’




1.10 SCOPE OF WORK

1. The proposed research will consider the combined
e of selected ~significant
In addition, provision
will be kept to include one more uncertainty
variable, comsidered significant to an sctivity.

2. Since it is not -‘possible to select a set of
uncertainty variables significant to all
projects, the significant variables selected for
this research must be replaceable.

3. Since it 1s impracticable to predict with any
degree of  confidence  the impact of ‘the
uncertainty variables for a timespan longer than
four reporting periods, the model will consider
the impact for the tactical plaggonly.

1.11 PROBLEM STATEMENT

The ptqjec[ ‘environment considered while estimating an
activity duration at the planning stage does not, remain
static during its implementatdon.. The intuitive

consideration of the combined impact of the uncertainty

variables many times fail to produce reliable project
¢

duration forecasts. Management requires a probability

distribution

sociated with the forecast for the tactical

_the purpose,

and the strategic plan completion time . For

the expected variation in the activity duration estimate due .

to the influence of the project environment is to be found

- i
out’ z

The present scheduling and updating procedures’ do not
perform aiy explicit analysis to generate -such information:

There 1s a need for a computer model which can simulate the

project environment to incorporate the combined impact of

P
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the uncertainty variables in activity duration estimates to

generate more rellable project duration forec at each

progress review. Such a model can generate additional

; |
management information such criticality index for au;:h

activity and its sensitivity to an uncertainty variable.
¢ &

T




0 <R Chapter 2
UNCERTAINTY VAlIA!L!S - DEFIRITION AND QUAITII‘ICA‘I!B!

ol . OF IMPACT

i . Having defined - the problem,

the uncertainty variables

can be discussed to describe a methodology - for simulating

their dimpact on activity duration estimates. This chapter

T o describes in detail the significant uncertainty. variable

‘ bimulation methods-to quantify thelr expected impact.
f "
2.1 LEARNING CURVE

i The basic principle gf the learntng curye (17, *23]

[ .
selected in the . preceding. chapter and delineates suitable

is

that the gkill and productivity in porfn(‘lng tasks improves

with experience and practice. The use iof subcontracting

a recognition of this fact

proficiency ‘against practice is shown in Figure 2-1..

is

One such curve, a plot of

The

. famous Wright's law states [15] that the cumulative -vurﬂgu

time (CAT) required to perform a complex task. varies

exponentially . and inversely as the number of rape:tnxJu-"

increases geometrically. This phenomenon applies

Antegrated crew.

Normally the decresse in the cumulative average

to : -

individuals as well as to a team of workers forming an

time

-



CUMULATIVE AVERAGE -TIME

NUMBER OF REPETITIONS

Proficiency against practice

depends  on the decremental constant for the construction
. detivity each of which has its own value. Suppose an
activity "clear site” involves clearing 4 acres of land over
a duration-of.3 days L.e a CAT of 0.75 Guglacrall Bhwiowslys
el:.h acre of land will! not be cleared in 0.75 day. The time
required follows . a “pattern” of decreasing value, with
increase 1in repetition ofivork, according to learning curve.
effect. The decremental congtant is 0.866 implying that the
average time required ‘for the' second acre will be 0.866
tines .the time required for the first. Considering

geometric progression, it will be ob,

rved that CAT required
for cleu'rlng 4 acres will be (0.866x0.866) = 0.75 day/acre.
If -an 8 ‘acre site was to be cleared, the CAT will be 0.65

day/acre (0.866x0.866x0.866).




. Learning curve impact 1s a subject of several published

studies. One study carried out by the U.S. Department of

Labor [23] has compiled a table of the traiaing period
.
z required for an apprenmtice to achieve journeyman status for

different categories of work. This {nformation 1is useful

vhen new apprentices are recruited or when an appremtice
o joins if the middle of thé project as a replacement.

A |+u.:ed Nations publication ghows [23] that the
cumulative average construction manhours per storey as a
E‘ltlo of the first storey decrease as the number ‘of
5 repetitions - incresses:  Pigure 2-2 is. reproduced firom the

study. Gates et al [19] have reported separate aserenental
comstant for building structures, individual construction
.elements requiring -n‘ny operations to complete, construction
elements with few operations to complete and building
elements manufactured in plants.  According to authors,

certain subjective analysis of the learning curve effect are

¥ . 3 = N -
N . .
. Individual type of operations will exhibit a
greater e of routinme acquiring than &rew type °
= operations. Same-may be sald of operations
performed _with . small crews compared with
“ . operations requiring large crews.
2. Less skilled a trade 1s, the greater 1s

initial efficlency of the trainee in ter
productivity as a percentage of normal prior to
training.

3. Working overtd or increasing the number of
v f crews result in an apparent loss of potential
A increase on account of experience curve effect.
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Figure 2-2: -Three ‘experience curves

hile estimating activity durstiom for a project, tha
[cndenc!/ue‘u to take average productivity from similar
activities on.several projects. Many deviations take. place
vk Tife sitmardons dusive she wesgines oF  sopmoleds

such a

1. The competence of the presently available crews
may be different from that envisaged at the .
planning stage. This aspect gives a variation in




decremental constant due to which the cumulative
average time incresses.

2. Work is sometimes stopped temporarily om a
particular operation and  resumed later.
Researchers in psychology industrial
engineers find (-19) that the learnind\curves are

adversely affected by these interfuptions. In -

other words, a substantial part of the .routine
acquiring proficiency 1is lost. A complicated
situation arises vhen the interruption or delay
culminates in a &Sm necessitating a mnew
procedure or an altered composition of the crew
or nev members|of the crew. g

w

. Supervisory |personnel's © ability  and ~ the
- " subcontractor's competence may be different than
envisaged. F

4, Some experienced crew may quit the site abruptly
necessitating recruiting a new crew thereby

losing the learning curve effect. -

5. If any change orders are issued , learning curve
gains pay be lost due to discontinuity or rework.
These deviations affect the decremeital constant resulting
in & change 1in CAT and hence affect the activity duration
estioate. Thia can be explatusd with an example.  Consider
an activity for erection of 200 l':or;nel of mechanical -
equipment. It 1is deteramined from similar projects that the
erection requires a COAT of & hours/tonne. In practice
suppose it takes 7 hours to erect the £irst one tomme. The
time required for erecting-. the remaining tomnage will be
less ss workers bacome familisr with each other énd get used |
to erection technique and area of working. The CAT of "4
hours” would have held if the conditions and environment
assumed  during planning vere static. Deviations as
described earlier cause changes to the pattern of the curve

resulting in a revised CAT.
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When an activity is interrupted for a period-of time and

continued again, a certain amount of delearning takes place

" resulting 4in increased ncuvuy duration. Guu“in:uyuu

the impect due to lnlertuptlon a0 shown in Figure 2-3.

'
ZZZZ2 TOTAL WORK - UNINTERRUPTED

XXX ADDITIONAL WORK ACCOUNT -
OF INTERRUPTION

e

XERR T XX
val

s ATivE AENAGE ik

NUMBER OF REPETITIONS

Figure 2-3: Impact due to interruption

— '

" '
The formula for calculating the 4incréase in CAT due to

interruption and the subsequent delearning effect(l9)

follows:

CAT, = CAT, + [l-mlmkvﬂ-)

CAT, =  cumulative average time (revised)
)

. CAT; = Cumulative average time (

d=  period ¢l interruption




- . . B
As already explained, the activity duration estimate 1s

derived from the CAT for the activity, a variable dependent
on the détremental constant whigh itself is.a variable. The
factors . that cause this variation are random in nature

f the decremental constant.

resulting in similar variatfo
Depending on the type of activity and project environment, a
< range of values for the decremental constant can be

estimated. } -

_2.1.1 IMPACT OF LEARNING CURVE 5

Fhia Tsarutug evevs tmpace, as Llldstrated in Figure 2-4,
fo stmulated by random sampling  from the range ‘of
decremental constant. The i{fitial decremental constent is
computed from the initial CAT determined using the given
duration and the volume of work ete. Using historical data
for the varfation in :‘pe decremental.constant, revised value
of the decremental comstant is simulated and the
corresponding activity duration is determined. This revised
activity .duration replaces the original activity duration

estimate and forms the basis for further computations.
2.2. INCLEMENT WEATHER

Weather 1s ome of the most difficult and unknown

varisbles that influences construction projects. Baldwin et
.~al. in their paper on "Causes of Delay in Constrsction

state [24] that according to contractors, Architects and

engineers who.responded to their survey, weather as a cause

S R T e SRR
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‘Pigure 2-4: Impact due to learning curve °

*of - delay in construction has severity indices of 90, 74, 66
percent respectively. (severity index 4is defined as the
total percentage , of respondees giving a particular
response). It has a top ranking among the various causes of
delay in construction. According to Neal, 50 percent of the é
construction activities are affected by weather [21].

Weather faced by an activity is dependent upon the time
of the year. Therefore, in dealing with weather impact, ome
must recognise the following (13):

1. Weather affects all concurrent activities that
are susceptible to its effect.

2. When an activity is delayed due to weather, the ..
start times of the immediately following .
activities are, shifted thereby exposing the 4

activities to changed environment. 5

The impact of weather is considered under two subtopics : 1)
when productivity is reduced and 1ii) when work must be

interrupted.




. 1) When Productivity is Beduéed p
Weather ccnd}:ian; affect productivity resulting in an
9x:ension ‘of activity duration. For example, due to cold
weather [26], heavy boots and clothing® ate regitred which
slows ddwn movement. The frigid weather necessitates

stops to warm up and have a cup of coffee.

’fr:quen:l

AnotHer study

the variation in mason productivity to

"[20]  relat
temperatire and ‘Aumldi:y variations and establishes the
relative productivity achieved at different éhmperl?ute-
humidity combinations 'as u fraction of  ene optimym

considered at .24 degrees C and 6 X humidity. Similar

_reldtionship:can be derived for crew productivity variation

at different weather conditions for activities . like
3 i 5
excavatipn, forawork, concreting etc.

The gaming model "Constructo” [l4], considers the effect

of -weather on crew productivity. Constructo duces

_ productivity in a predetermined manner if the ‘activitiés are

exposed to rain or high temperature. o

11) When Work must be Interrupted

Excavation in frozen ground is done differently and at a

. different rate than under normal conditions. Specifications.

completely” prohibit - asphalt paving during winter and

plumbing teat cannot be conducted when hard freeze has set

in. Also, masonry freezes if continued in severe winter. A

rainfall of 1.3 mm per hour s sufficient to stop exterior
5 \ ;

painting .

"Weather Effect on  Masod Productivity




2.2.1 IMPACT OF INCLEMENT WEATHER : -

Before arriving at a basis for considering the impact of
weather conditions, it is necessary to review the earlier
studies. The  paper “CPM on Calendar Day Algorithm "[25]
suggests two major concepts to. account for weather impact on
activity duration. These are Pull date concept and weather
ndjusimznt routine comcept. . In pull date concept the
plann4{ ganprates a project calendar with certain dates

removed to account for time lost due to bad weather.  The

‘pulled dates are chosen randomly so that the total number

pulled in one period equals the number normally lost at that

time of the year. The limitations of this approach are :

1+ No work, {nmcluding indcor work that’does not
depend on weather, progresses on the days pulled
out. i

2. It creates bias. ; some activities may fall
between pulled dates-and therefore, have no - loat
time allowance while others may fall in such a

‘ way that too much of the lost time allojance 1ig

assigned to thea.
Weather adfustment routine coucept favelves the following
two factors: ’
1) Weathsr factor caflecting wasavnsl changas
11) Weather sensitivity factor i i
The weather factor is°a percentage of the available
working ‘time in ‘a month that most weather dependent
activities are expected to lose due to inclement weather.
Sthce all activities of the project are not equally




susceptible to weather, the weather sensitivity facter
reflects the dependence of each activity on weather. I
adjusts ' the weather factor and gives a separate percentage
for 1ndividual activities. ‘This percentage varies from 'O
percent for activities completely independent of
weather(indoor finish work) to 100 percent for highly
weather dependent activities such as concrete pour. In this
approach, the day to day weather parameters are mot related
to the impact considered. Also, Lt {s difficult to fix the
weather qdjuathEt factor for different activities.

A paper on "Causes of Delay in Construction® [24], based

‘on a survey, concluded weather as the top ranking factor '

causing delay ia construction. It emphasizes that past
weather data should be geographically compiled and published
with special emphasis on the needs of the construction
tndustry.

Specific studies [20] have been™ made relating mason
productivity to the changes in humidity and temperature.
ca¥e i Wis piper “Sisslation of Consttuctien Prodest

Duration " [13] suggests a progress day loss tabulation for

different weather conditions against each activity as
* reproduced in Table 2-1. In table 2-1, temparatures are in
°® and rainfall in inches. Further, HI and LO indicate
highest and lovest temparatures and RN2, RN3 indicate
contihuous rain for 2 days, 3 days etc. The progress day

los

is tabulated depending on the weather. faced by the

activity. Pof example, "erect tower " (Activity 17) would




PARAMETERS
<40
<350
<60
3%
3100
3n0
<10
<20
<30
<40
3 010
3025

RN 14 3 300

RN 28 3 800

H
"
[0

ACTIVITY DESERIPTION-
. PREPARE SKOP DRGS.
. TOWER FOUNDATION -EXCAV.
. SHELTER
. PROCURE INSTRUMENTS
. FABRICATE TOWER
. . FOOTING -FORMS
. TIE DOWN EXCAVATION
SHELTER FORM
. PLACE FOOTING CONCRETE
. TIE DOWN F
PLACE CURE CONCRETE
. PIER FORMS.
PLACE CURE CONCRETE
. ERECT SHELTER
PLACE CURE PIERS
. INSTALL INSTRUMENTS
. ERECT Tt
TEST INSTRUMENTS
. COMPLETE & TEST SYSTEM

u
T ole b ab ol

=

Table 2-1: Progress day loss tabulationm

have no progress op the day when maximum rain for two days
exceeds 6 mm. Weather sensitivity from historical records

can be tabulated on similar lines for each activity of a

project. "Even though weather conditions can not be

controlled, knowledge about the anticipated weather can
asslst in offsetting at least a part of its effect.

"MEANS Scheduling Manual®, 1981 suggests that a good vay
18 to establish a duration estimate, examine the time of the:
yesr ehe sevivily WILE Eake Lt and ‘Add €0} tna ddraeien

estimate appropriate number of days for bad weather.




Generslly, 2 days/week is added fn-the winter, 1 day/week is

added in the spring and 1/ day/veek 1s added in the sum

c
months.

To quantify the expected impact of weather which.depends
on the nature of work and the calendar date when the work is
scheduled, ~the following historical weather a.;.‘ 18
collected for the reglon for each day of the year for a
nuaber of years “depending on the availability of data and
ehol niture of ke project:

Datly maximun temperatures

Rainfall, Lf any, on each da

snow fall, if any, on each day.
The expected weather for each day during the tactical

plan period is pled randoaly froa.the data for that gay.

From a tabulation of the expected workday loss for each
‘l:tivlty under altierent sets of weather conditions, whe
expected workday loss 1is calculated for the activities
#lannei™ on: aach! days Fhe procedure For dlnsiation af kn\

impact due to inclement weather is shown'in Figure 2-5.

2.3 SPACE CONGESTION N

Space congestion may result from the . physical features
I
of the project or.from high density of tradesmen working in

an ar

Department. of Labour that one urgent and necessary area of

earch was that of predicting and minimizing the effects

of working space congestion.  Work areas can become so

. Parviz refers [9] to a suggestion from U.S.
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Pigure 2-5:. Impact due to inclement weather N

crowded that craftsmen have difficulty even walking in that

area.  An example 1is the later construction stages of

reactor containment vessels in nuclear power plant While

ting duratfons of activities, no consideration is

given to the loss of productivity, if any, resulting from
|

congested space. As the project progresses, activities are

_ delayed or advanced in order to meet the schedule changes.

Consequently, activities someti

interfere with each other

because of their comcurrent requirements for working space
within a confined area. Although the conmgestion becomes o
obvious later, it " is the result of failure to stagger
activities . in  time. Parviz ' [9] gives grl‘pl\ic.l

representation of maximum congestion for each of the work

areas of a'power plant at different levels. Another study

[11] indicates that the overall estimate of lost time as a

result of overcrowding/space. comgestion was around 5

manhours/craftsmen/veek.




2.3.1 IMPACT OF SPACE CONRGESTION- 5

In order to caleulate the workday less due to space
congestion, a common base of comparison must be worked out. '
For this purpose, the space requirement for each ‘piece of
eq‘ui‘p-enr: is expressed in :qni‘vulenr_ number of men. The
total space requirement for each activity, assumed to be
uniforn throughout its life, is them computed. The project

area 1s Wivlded into separate work| zones and the space

' requirement by zone for each activity is specified:. The

model considers activities planned on edch  day and

determines any possible space comgestion in designated

zones. 'If any conmgestion is observed, activities with float

are delayed. ‘For critical activities, the workday loss due
: v

to reduced productivity is calculated. This procedure is

shown in the flowchart in Pigure 2-6.

Input space Identify concurrend Arrange octiviti [Calculate

[ovailable in octivities facing in ascending workday 1ovs for
zones zone and space spoce constraint order of floot [~ *Jeritical octi

requirement for |. |for each day

[each activity .

Figure 2-6: Impact due to space congestion




2.4 CREW ABSENTERISM

Crew absenteelsm can ®be a major menace in the
‘construction {ndustry. Depending :on ‘erew formarion
absenteeism of|crucial tradesmen may make 1t necessary even
.;o stop work »onlln activity. Borcherding 1in "Productivity
of Craftsmen and l;oruun'[ll] indicates that the daily ringe
of abserteeism varies between 3. to 10 percent of :thn
workforce. ' Absenteeism 1s a factor dependent upon the time
¢ ‘the Fede andiviekdsy Undet conslderaE1on.. IL” had ¢ buen
observed to be as highias 50 percent on cold and rainy d-}-
and at an sperage be;vean 20 to 25 percent during| winter.
It s also higher at. Vesk ending and veek beginning days
compared to midveek days. Present scheduling techniques do

not consider the impact of crew absenteeism while estimating

“activity duration.
2.4.1 IMPACT OF CREW ABSERTEEISM

Here again, the range of percentage absenteeism for each
month separately for midweek and weekend days s taken from
the in-house historical dats on crew absenteeism. = Other
inputs are the total manpover required for each wonth .nd
expected range of workday loss fir each activicy as a result
of crew absence. From the percentage absenteeism and total

manpower, the model

mples randomly the number of absehtees
For each ‘workday. Absentees,. if any, are distributed

randomly on the activities planned for the day and the
~




expected workday loss for activities is simulated as shown

in Figure 2-7.

[Range of S -
obsentesism for ; . . z
mid week days ™ i
for each month e
[Simuiate the IFor sach day Simulate for
number of et ) och activity
for over -
each doy. octivities in . |doy toss due 10
progress lcrew obsenteeism|
[Range of d
[obsentesism for T
wesk beginning " o
and week ending|
|
Figure 2-7: Impact due to crew sm

2.5 REGULATORY REQUIREMENTS

Many regulations have negative {impact on  project

progres. especially when they are confusing. Excessive

_time and money is lost in obtaining the multitude of permits
and in preparing time consuming reports and statements. Due

to regulations of the Nuclear Regulatory Commission' in the

more {installed work 1in a nuclear project

United Stat
requires lnd;lfieltlnnl to meet the regulations. The Task

Force to study the cau of the two years delay in Trans
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Canada Pipeline lays the blame [4] for the delay primarily 'y
on the regulatory.requirements for time-consuming and often

repetitive environmental assessment review. Productivity

suffers most by inept and unfair enforcement of regulation
: , .

by unqualified /personnel, given wide authorfty resulting in
vieraunes © B & o project due to the lengthened
duration. An example 1is the extensive requirements
encopntered {n an nuclear power plant for reviewing early
plan and design for licencing [16]. H;ny pigjé;ll must

proceed under the continued .threat of shut downs, delays,

harrassment and court challenges , due to regulatory
requirements. Further, regulatory agencies and their

regulations are in a constant state of transition. It is
observed [l4] that it takes an average of 2.5 years to
complete the planning review and permit pxb;ei- to bulld s
comaunity of new homes. The project must also conform with

additional regulation: new and/or changing rules, and

procedures during 1its conmstruction period resulting in
s .

further delays "

It is observed that more and more government regulations

are being added :

/
1. Safety of design and field construction method

2. Environmental consequences of project.

. Personnel policies at all levels.

Scheduling techniques t gnore this impact result in less

rgliable pro duration forecasts.




2.5.1 IMPACT OF REGULATORY REQUIREMENT

Only those activitiea that are-likely to be affected by

regulatory requirements . need be considered. Due to

regulatory requirement two types of productivity losses are

possible ; daily workday loss and workdays lost at the end

of an activity. At this point it 4is relevant to explain
what s meant by the workday loss expected at the end of an
activity.  An activity, after it is complete, may be again

worked on for a few more days due to some specific reasons

“such as enforcement of regulatory requirements, design

changes etc. The duration of such activities get extended
further.’ The increase in the duration is termed as end of
activity workday loss. ,Based on historical records, a range
for both types of workday losses is established for the
activities -expected to be affected by regulatory
r:qu%teﬁgntl. By _random sampling, the
workday 1loss is found for such activities and also workdays

expected to be lost at the eénd of ‘the activity, if

This ts shown in Figure 2-8.
b i

2.6 DESIGN CHANGES AND'REWORK

Design changes and reyork although inevitable on any
project become unavoidable on projects when design,
construction and commisioning phases overlap. A fnjnruy of’
rework can be attributed to change orders and .u-bixuittel in‘

design. A few other reasons are:




" F RS
i ; List activities Input for eacn Simulate

likely 1o be . [octivity expecteq expected dai

offected by kday loss

regulatory for each day andf

requirements * at the end

Pigure 2-8: Impact due té regulatory requirements

|
boo? _ -
‘ :

ts sncu:pouu ‘the ' latest
1mpxnv:mentn/devalopmen:s in technology.

3. Changes justified to improve FaED 6F FELHER,

5 Design changes and rework cause the IEq\:\E\‘\Ee of work to be

- disrupted ' resulting. ‘ip -reduoced producr_l.x;'{ty- vEidgn
changes; not only affect the ‘items being designed, but also
affect other lnterre‘latzﬂ vork. Their-effect is magnified
during construction stage when work, materials, equipment
etc. nnyl‘hvnv; to be scrapped and activities accelerated to
meet the schedule. ’

Design changes are considered timely and appropriate, if
issued 1in sufficient time to BIIQWv for proper planning.
WheH WA PequLEel ENR EORTAREE WoRK €6 B8 KLY, .aiHeTLiNed,
removed or modified, they affect the project rhythm.

Project rhythm is extremely impor%n'\‘\: and must be maintained
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if the schedule is to be met. Further if the work flow is

dierupted by a change order, cbnditions such as
maneuverability and float availability to the contractor are
upset. ALL ‘this Tesults’ dn reducing the available crew
hours for the project, extending its duration. Borcherding
in his paper "Major Factors Influencing Craft Productivity”
[10] states that the extra hours spent on rework amounts to
"6 hours/individual/week. He also quotes results of a survey
in  which 59 ‘percent tradesmen surveyed viewed 'Fewoik
activities as a hindrance to the job progress. According to
Suhanic, many first line supervisors, when asked td explain
" the reason for low’ parcentage of the totsl workforce
deployed- on new constrrciion‘ work, ‘attributed it to .the
engagement of a iublt;ntlnl part.of the workforce on' rework
{8].  This results 1in deterioration of motivation. Hé
raports; Ehe ieawe RLGLory! off 4, rOJESE: VNGFE, odE @E 260
change orders, 62 change orders were found to have affected
"project rhythm". Out of these 62, sixteen change orders
were dropped because they were found to be insignificant and
were not critical. Out of the balance 46 change orders,
four change orders -alone were concluded to have lengthened
the project schedule by 80 working days which represented
about 20 percent of the project duration. ’
A subjective observation is that change orders have a
detrimental effect on morale and efficiency ;of labor

especially if the work has to be scrapped or repeated.
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2.6.1 IMPACT OF DESIGN CHANGES AND REWORK

1 5 The ideal system to quantify the impact of u change must
be a method of computing the variation in duration for every

: change . order which is a difficule task. However, baged on

. . P
_historfcal " records and experience, it 1is -possible to
categorise activities 'that are prone to design changes 'and
£ y rework and’ also specify for them a range of workday. loss
i ¢ n
4 expected during their implemeitation. Wdrkday loss, either
i € 5 ’ e o
) daily expected 1oss or total days lost at the end 'of the
.cuncy',w then be simulated, as illustrated in Figure
2-9. . !
- - . “[simutore °
expected doily .
8 workdoy loss :
s for activi
. List taclical lnput for each
. . plan-aclivities activity expecied
. likely tobe | Jworkday loss .
offected by for sach doy x .
' E esign changes [ - and at the end- %
ond rework .
1

Pigure 2-9: Impact due to design changes and rework
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2.7 ECONOMIC CONDITIONS

The degree of ecdnomic activity existing in an area
WiSERG: CORNEAIEEIGE GOFNEs, IpEaANRHIVATIYRIRGE INE adRnd ©
for 1labor. increases with the volume of construction.
Lorenzoni 1in his paper on “Productivity.. . . .+ s+«
Everybody's Business and it can be Controlled” [12]'mentions
that there 1s a twofold impact on labour productivity.
Pirst, the project acquires a nusber of marginally qualified
craftsmen and helpers in the process of sosking up all the
local labor. ‘These crews when mixed yith the average labor,
reducé the overall productivity from the levels attained
during thé-times of normal econmomic activity. Second, the
turnover  f{ncreases dramatically resulting in  lower
productivity. In addition sometimes, the situation warrants,
that the labor must be brought in from outside the local

area.” Experience has shown that in such situatiom, the

‘overall productivity declines, including the productivity of

the local craftsmen.
2.7.1 IHPACT DUE TO ECONOMIC CORDIT IONS

The ratio of the number of vorkers required in an area
to the normal number of vorkers availsble has a relationship
with the productivity as shown by Lorenzoni which 1s
reproduced in Figure 2-10. It shows how productivity gets
reduced with the increase in thé ratio of number of

workers required in an area to normal number of workErs
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PRODUCTIVITY ADJUSTMENT
Py

» 057 10 20 .30 40
™ NO. OF WORKERS REQ'D IN AREA

NO. OF WORKERS AVAILABLE

. Pigure 2-10t  Productivity vs workers -
. l’!g\li!ellnl’lvllllhilltz

ct

available. This relationship is used to quantify the &
due to econoamic conditions. The ratio is determinéd for the
tactical plan period on a monthly basis. The corresponding

productivity adjustment factor 1s read fros the equation.

This valie 1s used for calculating the vorkday loss or gain

expected for all activities planned during that period. The

procedure 1s {llustrated fn Figure 2-1l.

Labor unrest, often, causes the project progress to
halt. The. days lost to a strike sust be added to the.
project duracion, Hovever, vhen project is not plcketted
and the entire project is not shutdown, the expected

productivity loss due to labor uirest can be estimated.




[Plot productivity Reod from the |
odatment  foctor

Adjust
[productivity for

agairs? ratio of

| o the tacticol pion)
the umber of ] —octivi
workers required foctar for sach
1o the number - month
ovailoble

Figure 2-11: Impact due'to economic activity levelr

Labor unrest _hds many reasons ; symptomatic smoig them are

. current contract expiry, wildcat strikes which occur due to

accident, managesent actitude, disciplinary actfon, overtime
probless etc. An environment pf labsr untest bodes downturn
U8 preuErIVEEY VERYINE WAlN CNETEEE Of BEILVLEY. IaLens
ete. As is true for other uncertainty variables, the impact

of labor unrest can at best be predicted for the short range

of the tactical plan. 3

2.8.1 IMPACT DUE 10 LABOR UNRIST

A historfcal range of productivity loss  can  be

sssociated” with labor problems separately for the various

unio For activities likely to be affected, this loss can

be saspled,randoaly. Figure 2-12 shows this procedure.

\
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Iput Project | Input activities Simulate for

doys tikely to likely to be - |eoch poject

have tabor | Jafrected by day workday

uarest labor unrest loss on detivities|
due 10 labor
uncest

~

FPigure 2-12: Impact due to labor unrest

2:9 SPECIFIC UNCERTAINTY VARIABLE - -

, certain:'

In- addition to ' the preceding variabl

activities may have yet another specific:. uncertainty

variable capsble of causing ‘delay. For example, failure of

drilling equipment may ceuse a major delay in a .Drill Well
activity. It ie useful to [ldentify such specific
uncertainty variable, 1f any, for each tactical plan

activity. n ; E:

2.9.1 INPACT OF SPECIFIC UNCERTAINTY VARIABLES
S

A range of workday loss expected at the end .of the
sctivity, as obtained from the historical records 1is - input
for specific uncertainty variable along vith the activity
expected to be affected by 1t. A random ssapling from the
range gives the simulated workiay loss due to the impact of
specific uncertainty varisbles. :



2.10.CONSIDERATIORS IN COMBINING THE IMPACT
% B '

- “The preceding discussion has established that the
uncertainty variables have significant {impact on the
activity durations. AJ-:thnd of random sampling the impact

i . , on activicy ‘a‘.uu‘

uncertainty variable.

ne  has been described ' for each

Since many of the ' uncertainty
‘variables occur sioultaneously they together affect the
activity duration. Only when the impact of an uncertainty

vartable “¥s mutually- exclusive, the expected workday loss

v
t . occurs irrespective of the impact of other uncertainty
v

variables. Most times.it.is non-mutually exclusive, making

it necessary to combime the workday loss.  This Ls,
i

% ’Qr

- calculated by suitably correcting for the overlap. There -
are two approaches to correct for the overlap. One is the
y methodology suggested [5] by Woolery using the following

Equatfon (Equation 2.1).

X I me-m
J /} R R e S (@1 .
Where :
' T = " time under optimal conditions
. Ty = T+ total value of eoliective delay
Tg = T+ any estimate of the total or collective delay . °
3 K= " number of delays
- .




This equation provides an estimate of the nev duration after
including the_collective délay or .'.;v.uemenz. The validity
of Equation 2.1 has been demonstrated by Woolery [5).

In the second method, as suggested by Carr [13], the
fractions of workdays obtained as a rTesult of the impact by
cach uncertainty variable /are multiplied to compute the

progress for one day ynder the combined occurrence 'of the

uncertainty variables.’ According to him,

Expected progresy on a 'day =( progress pder weather

conditions)* (profress under | space congestion)*(progress

under crev absefteeisa)*(. . . . . . ) etc.

independency of occurrence of the uncertainty variables.
There is only marginal difference in the results arrived by

both  method

This model considers, all uncertainty
variables as non-mutuslly ¢xclusive. The equation 2.1 has
been  considered  with T minor modification. Woolery
expressed how a day's vork'is getting extended due to .the
tnfluence of the uncertatnty viriables.. :By using a
reciprocal relation, it 1is envieaged to calculate the

available workday out of a -full day. Accordingly, the
and total number of vorkdiyn‘wf

coabined daily workday los

expected to. be lost at the end of an activity e, computed 't

using the equation 2.1. This Equation need mot be used if
an uncertainty varisble occurs independéncly.

Iterative random sampling of the combined fmpact of
significant uncertainty variables for a speciffed proJject
‘period cesults in a duration estimate distribution for each

activity.




2.11 MONTE CARLO SIMULATION TO FORECAST PROJECT DURATION

The preceding discussion shows that, due to the
influence of the uncertainty varfables, the deterministic

duration estimstes do not give a relfable forecast of

project ~completion time:  Therefore, it 1is relevant to

consider a probabilistic duration estimate for each
A:tlvlty./:ezulure survey  indicate that  Program

Evaluation

d Review Technique (PERT) considers a

probabilistic duration estimate for

ch activity. It
converts them into an expected value and 1its associated

variance, based on simplified assumptions. A project

completion time in the form of a normal distribution is then

generated usiog the mean critical path and varfance. Theg

jor limitation is that the model ignores path other than
the mean critical path vhen evaluating the probability of

completion. This problem {s known as ~ MERGE EVENT BIAS ~ .-

This yields an overoptimistic evaluatich of the completion

time. Re.

arch has shown that the actual expected duratiom
can  be 50 I higher - than PERT mean critical path. The.

significance of the error is increased as the number of

conyerging path increases. To-overcome this problem, Van
+ —— s

Slyke suggested [ 29 ] that simulation methods such as Nonte

Carlo could be u

d.
.« Monte Carlo simulation provides for experimental

pling of random varisbles from distribution to generate a

random duration for each activity. Those sampled random




variables are then used to determine the probability

distribution function (PDF) for the project completion ti

\

HonTE lation method has the following ¥

1. The resulting ‘project completion time 1is .
unbiased H

2. No assumption is made as regards to the shape
the completion time.

3. Any form of ‘{nput PDF ( bimodeljskewed etc. ) may
be scipulated.

4. It is possible to treat the correlated variables.

The ‘limitation 1s the large number of iteration fo be
carried out for obtaining a reliable result.
In this research work, it is proposed to use Monte Carlo

simulation method| to obtain the project duration forecast

from the activity duration distributions.

o — T




Chapter 3
THE COMPUTER MODEL
The random sampling described in the preceding chapter
fs done using a computer model. The model is also tatended
for determining the ;)ruhlbllhuc p::;jac: duration forecasts
using simulations. This chapter describes the computer

sodel.
3.1 COMPUTER MODEL

The computer model, PRoject DUration Forecast -[PRODUF]

has been developed with the following objectives:

1. To interactively receive the imput pertaining to
different. uncertalnty variables.

2. To simulate the project enviromment by random
sampling from project uncertainty variables and
to combine their impact in terms of workday loss.

3. To consider on a daily basis the activities
expected to be in progress, compute expected
progress under simulated project environment and
to obtain from it a distribution for all tactical
plan activities.

4. To generate from Monte Carlo simulation a
distribution for the tactical plan completion
time and for the project completion time.
5. To derive .other useful management tnforaatton {
using the output described in 3 & 4.
Pigure 3-1 is a flowchart of PRODUF model which is described

in the following sections.
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3.7 INPUT REQUIREMENTS OF THE MODEL

PRODUF requires as input the following:

1. Strategic and tactical plan activity data
2, Project calendar 3
3. Historical datsa. on the occurrence of each

significant uncertainty variable.

3.2.1 STRATEGIC PLAN

. Since suf ficlent information ‘to plan a project in detail
fs ‘not  available at the start, only a skeleton network,
called Strategic plan, is developed using the principal
activities and major nilestones of the entire project from
the begining to the end. The activity  data from the
strategic plan is required to forecast the prn{ecz'dnx-’:ton.
The ll’.:‘nuglc plan must be updated periodically to reflect

latest situation of the project. .
3.2.2 TACTICAL, PLAR o

The tactical plan, a CPM network like the strategic
plan, represents a shorter span, but has more details of the
project.  Tactical plan provides a neans of.measuring
progress and exercising control over operations. Normally

tactical plan 1s made for four reporting periods each of one

month duration. As the project proceeds, the tactical plan

ively extended ome period at the time of each

s review 50 L1t always represents the current li well




as three following reporting periods. The tactical plan
activity.data ts used by PRODUF in all its activity dutl(ﬁon
distribution calculations Figure 3-2 shows partially a

f€ypical stratégic and tactical plan for a project.

Pigure 3-2: Strategic and tactical plans




+ 3.2.3 PROJECT CALENDAR a

Project calendar is the yearly calendar for ' the entire
span of the project. PRODUF needs as input the atart date
of the project, likely finish date of the project and user

specified holfday Iist. .
3.2.4 HISTORICAL DATA ON UNCERTAINTY VARIABLES

- Since the degree of .significnn'ce of the impact o'f
indiyidual uncertainty variables vafies for g:knrenc
n’ctiv‘i’ties, the significant uncertafnty variablest n‘-l'ung with
the tactical plan activities likely to be affected by tha_m; E 2
aFe’ vavulaceds © Part iof such'dits’ te.shosw, i Tabls 351s
The-detalls of the expected ramge of workday loss due to the -
impact of weather is given in Table 3-2. Similar dafa for
the remaining uncertainty variables are given in Appendix A

, e

3.3 UNCERTAINTY VARIABLES INPUT AND SIMULATION'OF THEIR .

= IMPACT d . = -

aes Saned owmabie: 3-1 wad 33 ape myspemsttecdiiy: typutr

= 1n§l’.eract1v=1’y and stored for use t& simulate the project
(\ environment.  The details of the required input as ‘well as .
of the simulation performed for each 's_ignilficlnt unce.rtalnty_‘

variable follows. . “ 2

LEARNING CURVE LR i .
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Table 3

Workday loss expected due to the
- impact of weather

Number of activities /':JA

affected

“Affected activity : 1 to 36 except 18 & 29

nusbers «

Node description Teap Rain snow

From-to <0 <10 >10 B
am ca

0-1 Clear site 0.2 0.5 0.5

1-2 Survey and L/o - 0.5 0.5

2-3 Rough grade . - -

3-4 Drill Well .

3-6 Found.W.T

3-9 Exca.for sew. . .

3-10  Ex.manhole

-3-12 * Overhead pole -

4-5 Ins.Wellpuap s

5-8 Undergr.¥.P s

6-7 Erect W.T 4

7-8 Tank pipe

8-13 Connect pipe

9-11 Install sev.

10-11 snhole

11-12  Inst.El.Duct -
12-13 Pull po.feed’
13-23  Exca.office

18-19  Backfill
18-21  Form R/1
18-22  Form L/H
19-20  U/S plumb

00000000000 00000000000

LLbhbhbbbhbebh e BLOLGLL

00000000000 0000000000000000C000000
GLLRNLLLRELLRLLELLRELE R LLLLLLLLLLL
~GO0O~00000000000000000000000000

oNNUDLURNLLBLULLLLLL LN BONP RO L

20-22  U/S condui. 0.1
22-29  Form & po. 0.5
23-24 . Spread foot 0.5
24-25  PormsPour 0.2
25-26  B/P&Compact 0.2
26-27 /S plumb 0.1
27-28  U/S Condut 0.2
28-29 ° Forambpour 0.2
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Input: Activities likely to be affected, volume of work,
duratfon, tfme required to carry out unit volume of work,
varfation expected in decremental constant for such
I‘C(l\'l[ieﬂ. N

- Simulates the decremental comstant and computes the

revised duration for activities.
WEATHER

Input: Activities likely to be affected, past(10 or more
years) weather data such as maxioum temperature, rain, snow,
and workday 10ss expected on each workday if activities face
different wveather conditions such as temp less than 0 "€,
rain > 15 mm etc.

- Simulates a set of weather data for each project day
from * the gtve'n historical records and calculates the
expected workday -~loss for activities planned on that day.
The workday loss-pay be either for the whole day or a part

thereof. 8
SPACE CONGESTION

Input: List of congested zones with total space

available in each, activities likely to be affected,' and

space requirement for each in its designated zome. %

- Simulates space requirement of aczivit’iel planned for
each day to determine any possible apace congestion. In
case of congestion, delays the activities that have float

and computes for the critical activities the workday loss -

due 'to decressed productivity.




CREW ABSERTEEISH
. {

Input: Activities 1likely to be affected, monthly un'.e"
of percentage absenteeism separately for sidweek gays and
weekend /veek-begining days, monthly manpower requirememt fpr
the tactical plan period and range of expected workday lops
‘corresponding to the nuaber of workmen absent. !

« Finolates for each duy the nonber of absantess based
on percentage absenteelsm and total manpower, ° Next,
distributes randomly the. absentees over the activities
planned on each day and calculates the workday loss due to

the absentees.

. REGULATORY REQUIREMENTS, DESIGN CHANGES AND REWORK

Input: Activities likely to be affected, range of
expected daily workday loss and range of nusber of workdays
expected to be lost at the gnd of an activity.

- Simulates for each activity, the expected daily

vorkday lo

snd total number of workdays expected to be

lost at the end.
ECONOMIC ACTIVITY LEVEL “

Input:Equation for the relation between the productivity
adjustaent factor and the ratio of workmen roqv‘ad to their
availability and the expected value of this ratlo for each
month of the tactical plan. :

- Computes the productivity adjustment factor and
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multiplies it by the available workday. This, it does for

each tactical plan month.
LABOR UNREST

Input: project days expected) to have labor unrest,

activities likely to be'affected,(and the expected workday

“loss

.- Computes for activities the workday  loss during the

“days of labor unrest. “\

SPECIFIC UNCERTAINTY vaRTABLE'

Input: Activities likely to be affected by a specific
uncertainty variable and expected range of delay due to its
{mpact.

- Simulates for each activity the' total number of

“workdays expected to be lost at the end.

PRODUF first simulates the impact on the activities of
those uncertainty variables that are independent of the time
6f the year and then proceeds to simulate for each day the
impact of the time dependent uncertainty vapiables. Having
completed the Input requirements and the simulation of the
project uncertainties, the discussion now proceeds with how

the model forecasts project duration.




64

3.4 PRODUF PROCESSING

The working of PRODUF model can be explained {n four

steps as shown in Figures 3-3 to 3-6. Initially, based on
the input for strategic and tactical plan, and project
calendar, PRODUF generates the workday and calendar dated

project schedules meant for the executive level amanagement.

It receives and stores all fnput pertaining to the
uncertainty variables required for impact computations.
This comprises step 1 as {llustrated in Figure 3-3. The
next step involves random sampling from the weather data
tnput for the tactical plan period, as shown in Figure 3-4.
Having received all {input in the first two steps, in
step 3, PRODUF proceeds as shown in Figure 3-5, with
computing leplr;(ely the workday loss due to the fmpact of
the uncertainty variables. Starting with project day 1,

PRODUF considers’ the tactical plan activities in the early

start sequence and estimates for each the revised duration

based on learning curve effect. Following this, the fapact

of the individual uncertainty variables 1is considered and
the expected workday loss is calculated for each. Then,
oslng Equation 2.1, the tapgct of the uocertaisty vartabley
on the activity duration is combined as explained in the
preceding chapter. The computations aim 'at .dztzrnining
whether the whole or only a part of the vorkday ts avatlable
for the activity. The fractlon representing canl mvaiiubie

vorkday reflects the ratio between the productivity computed
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_for the simulated project environment for the day and the
estimate of the average productivity used in determining the &
original activicy duration. At the end of the day, PRODUF, -
by subtracting the available workday from the duration of .
the activity, calculates the remaining duration required to
complete the activity.  This is done for all activities
expected to be ‘gufoxlmed on project day 1. PRODUF sroseads
to project day 2,3, & and so on, until the estimated
duration of an activity in progress is finished although the
activity {is lncnnple;:e. At this stage, the early start and
finish dates of all incomplete activities are updated. When
the remaining duration for any activity becomes zero, it is
"considered complete and the total ‘elapsed dayss on that
‘activity represent its expected duration under simulated
project envifonment. Situations in which  the remaining
duration is a fraction of a day, are also comsidered and
durations are estimated upto 1/2 of a day. If the activity
1s expected to have several days delay at the end, PRODUF
combines such ‘delays, corrects for overlap, "snd  then

‘deteraines the flnll~expe=1:ed duration of the activity.

After all the tactical plan project days have been
considered the tactical plan activities are ex*fd to be
1n one of the following categories: :
- complete

- in progress ‘
= yet to start.

Since it is impractical to predict in a quantitative



N
|
| WRENEE, WLEN Way degree of confidence, the impact of| the
uncertainty variables for s span longer than three reporting
periods, the duration estimates of "those activities that do
not start '.lll.hln the three reporting periods under
consideration dre not revised. Further, to obtain the
expected duration for ah activity in progress, the remaining
duration required to complete the activity is added to the
number of days elapsed. These computations give a set of
. 2 expected ‘durations for each'tactical plan activity in the
simulated environment. The result represents one outcome of ,
i an infinite nuube_r of pnlll‘ble outcomes under the d_eucribad
uncertainty. At this point it is necessary to 'discuss the
Reans of fixing the number of simulations required to
adequately represent all ‘polllble variations of the project .
environment. The number of simulations are det‘e!mlned from
the statistical analyses of the project data. Assuming that
the activity duration follows a Beta distribution, the
number of simulations can be cnupu;:ed using the following

relationship: [

N=1/ a¥2-1/p) . y
where £

"N = the number of simulations

a?= Ercor parameter,and

P = Beta distribution parameter

The value of P depends on the shape of 'the Beta
distribution curve.Assuming a value of 2 for P and a’= 0.05,

O
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N then ‘becomes equal to 1/0.05(2-1/2] = 30

Tt 1s gemeral statiscical practice to comsider 30
simulations to get an estimate of the population parameters.
Accordingly 30 staulations are considered for the example.
Bach ftiration simslates a ne¥ comblustion of expected
project environment and computes the corresponding: set of
expected duration for the tactical plan activities. A
distribution of expected duration for each' tactical plan
activity 1is obtained from these simulations. The duration
distribution is similar to PERT duration distribution with

the following exception

1. A distribution for activity duration estimate is
avallable instead of just three time estimates.

. 2. The distribution is abtained from simulation
while PERT estimates are obtained intuictively.:

Next the final step of PRODUF processing is flowcharted in
Pigure 3-6. The tactical plan network has a distribution of
activity durations. Using Monte Carlo simulation, a andoa
duration for each activity can be generated. Forvard and
backvard pass computations for each set of random durations
are careied ‘ot to cowpute the expected completion time.
This 1s done {teratively ¢to obtain the distribution for

expected tactical plan completion time. A typlcal

cumulative distribution for tactical plan completion time is
shown in Flgure 3-7. ~
After start of a project, PRODUF carries out simulation

at the ti s review. Additional input data

of each progr

required at each update follows.




Simulate impact of the
uncertainty variobles
using hisforical data

Compute Combined Impact
of uncertainty variables
and ovailgble workdoy

* foriginal duration siapsed) : ? 3
¥ /:nn activity still / / c:‘"":'l'.'". ] .

incomplete

wvive expected octivity [ - ecord activity duration,
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early stort time start fime .

Continue

283 for numbar of
simulotions.

. ‘ Pigure 3-5: . PRODUF processing Step-3 "
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PRODUF
STEP 4

Input tacticol plon activity
duration distribution

[Simulate expected activity
durotion estimates 1o
obtain a distribution for

1actical plan completion

activities %o uncertainty
voriobles. -

Pigure 3-6: PRODUF working-Step 4
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2 /
1) "Time now” and the last day of the tactical plan
pertod. i

11) activities completed

111)  activities 1in ' progre

duration. - . o

1v),sctivities added, deleted or modified since the last

progress reviev.

v) Any modification to the {input data relating to
uncertainty variables. '

At each progress review, PRODUF adds or modifies the
fecorded dats, pgnuuu'u' for computing the project
cospletion time and cvaluates the probabilty distribution
for, the tactical plan completion time. This forecast fords
Ehe Baste hud along With ENa atvacagle plin, G waed (6
generate probability distribution ‘ru project durstion
forecast as explained in the following chapter. ¥




Chapter 4 .

EXAMPLE PROJECT 4
.
4.1 PROGRAH STRUCTURE
The computer program, comprised:  of four

.subprograms:PRODUF 1, 2, 3, and 4 as described fn the

preceding chapter receives and stores all input data on the

bncertalnty variables, generates project schedules,

slmulates the impact of the uncertalnty variables and

Ly
derives a duration distribution for each tacticaly plan
activity. It then carries out Monte Cn‘lo‘almulluon to

generate completion time. It also computes the criticality
!

tndex.” The eritlcality fndex of an activity can be defined

as the ratlo of the number of times _an activity becomes
critical to the total number of times the project duration

is simulated. The program listing for PRODUF. 1s given in

Appendix B.

| .
The working of PRODUF and the analysis of its output

explained with the Help of an example proJect.
i %



4.2 BRIEF DESCRIPTION OF THE PROJECT

.
The construction of a combination plant-office-varehouse

for a smell tndustrial fira is the project considered [28].

A floor plan of the entire complex is shown in Figure 4-l.
The, atte fs In a low ares overgrown vith scrub tisber and
bushes; the 501l {5 a sand and gravel amlxture overlatd by
clay. Cast-ln-place piles will be driven to about 30 feet

for the plant and varehouse foundations.' The office

“building will be on spread footings. As there is no water

supply available, a well and 50, 000 gallons clevated watef
tover will be Installed. Sewerage and power trunk lines are
2000 feet away. The plant and warehouse structures are to
be structural steel with high tensile bolted E TR L0
The plant wi1l have an overhead crane way running through
the length of the buflding. The varehouse will have a
monorail. The roof system will be bar joists and precast

concrete planks covered with 20 year built up roofing.

4.3 ST' EGIC AND TACTICAL PLANS

When the project s inftfated, a strategic Plan in the

.

form of a CPM network is propared as shown in’ Figure 4-2.
The estinnted project completion time 1is 285 days. To
account for the comblued Impact of the uncertainty
variables, a fictitlous activity, with 15 days duratdion,

equal to the contingency time allowance is provided at the

end.  Sothe project {s éxpected to be completed within 300
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’
project days. Yhe Flear ovepiesi plan covering four
reporting periods of one month each, s shown in Figure 4-3.
Using the strategic and tactical plan, as well as the
following  caleridar  finformation as input, workday and
calendar date schedules are generated separately for the

sfrateglc and tactical plans and are included alongwith the

- project calendar in Appendix C .

Start date of the project 05-01-1984
Likely finish date 12-31-1985
Weekly off . Sat, Sun
X .

Annual holidays : ot 08-15-1984
N 12-25-1984,

.
04-20-1985
' 08-15-1985
° : 12-25-1985

The tactical scheduile forms the basts for incorporation
ofy the lmpact of the uncertainty varfables. The input data
for the first tactical plan period arec shown in Table 4-1.

The data are supposed to - be obtalned from the company

" archives. © To simulate. the expected project environment and

its  lmpact, PRODUF wusea the sequence number of the

simulation run as the sced number. PRODUF considers all the
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Description of the ° Total no.of
‘uncertainty variable dcty.affected

Activity numbers

Learning Curve

Weather

Space congestion i

Crew absenteelsm

Regulatory requirements
Design changes and rework

Economic activity level

Labor unrest

Specific uncertainty
variable

17

34

35

35

22

1,4,6,7,10,12,13,19,20
21,22,23,25,26,30,32
and

1 to 36 except 18 and
29

6,7,25,27,28

1 to 36 except 29(See
Appendix A for percent
absenteeism)

4,8,14,16 & 17
4,11,13,25 & 31

1 to 36 except 29(see
Appendix A for the
equation and the value
of the ratio)
4,5,6,7,11,12,13,19,
20,21,22,23,24,26,27,
28,30,31,32,34,35 & 36

4,6,8,14,15,27,33,35

Note: '

1. Details of the impact are given in Appendix A.

2. For detailed activity description and node numbers,

refer to Table 4-3 and Figure 4-2.

Table 4-1: Input data for the tactical plan
) —first reporting period
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36 activities of the tactical plan and sorts in ascending
order of early start) the activities planned. on each day.
On project day 1,’ only one activity, Clesr Site, is
planned;its revised duration based on learning curve impact
18 3.5 days. . The expected impact due to each uncertainfy
variable 1is ‘determined in terms of workday loss and
successively combined.  For the activity, Clear Site, the
"work: Ehat: can; be ione Candar the wiwmvisted project
environment 1s 0.8 of the planned progress on project day l.
Therefore, the balance duration required for this activity
ts 2.7 Jaye(3:520,87) Bince here are nomoreiastivities to
be performed on that day, PRODUF proceeds to project day 2.
Herée again, the same activity 4s in progress and the impact
is_simulated as before. Similar consideration for project
day 11 “and 12 are shown in the computer printout in Table
4-2. When all the 88 project days have been considered, the
tactical plan activities will show the follovwing -status in

the first simulation run:

Activities expected to be completed. . . 29
Activities expected to be in progress L ' 3'
Activities expected not to .m_{; o o 3
Dummy activity l ) 1

To obtain the expected duration for - an sactivity in

progress, the number of days elapsed 1is added to the
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DAY DATE ACTY.NO DESCRIPTION NO.OF DAYS

11 15/ S5/84 4 DRILL WELL ! 1
11 15/ S/B4 S FOUND . WELL 1
11 15/ S5/84 & EXCA. FOR SEWARAGE 1
1 15/ 5/84 7 EXCA. MANHOLE 1
11 15/ S/84 8 0.H.POLE 1

AVAILABLE WORKDAY FOR ACTIVITY 4 IS 1.03 DAY
AVAILABLE WORKDAY FOR ACTIVITY 5 IS 1.03 DAY .
AVAILABLE WORKDAY FOR ACTIVITY 7 IS 1.03 DAYS
AVAILABLE WORKDAY FOR ACTIVITY 8 IS 1.01 DAY

BALANCE DURATION FOR ACTIVITY 4 IS 11.98 DAYS

BALANCE DURATION FOR ACTIVITY Kvls 3 DAYS

BALANCE DURATION FOR ACTIVITY & IS 9.24 DAYS

BALANCE DURATION FOR ACTIVITY 7 IS & DAYS

ACTIVITY 7 IS COMPLETED.THE DURATION IS 1 DAY.

BALANCE DURATION FOR ACTIVITY 8 IS 5 DAYS.

ACTY ES EF Ls LF

4 10.5 10.5 268.5 28.5

5 10.5° 10.5 15.5 15.5

6 10.5 13.5 20.5 23.5

7 10.5 25.5 © 115 26.5

-] 10.5 29.5 16.5 35.5 ¢
12 16/ S/84 a DRILL WELL 2
12 16/ 5/84 s FOUND. WELL 2
12 16/ S/84 & EXCA.FOR SEWARAGE 2
12 14/ 5/84 8 0.H.POLE 2
12 16/ S/84 15 > INSTALL MANHOLE 1
AVAILABLE WORKDAY FOR ACTIVITY 4 IS 0.84 DAY
AVAILABLE WORKDAY FOR ACTIVITY 5 IS ‘1,03 DAY
AVAILABLE WORKDAY FOR ACTIVITY & IS 0.89 DAY
AVAILABLE WORKDAY FOR ACTIVITY “8 IS. 0.844 DAYS
AVAILABLE WORKDAY FOR ACTIVITY 15 IS 0.858 DAYS
BALANCE DURATION FOR ACTIVITY 4 IS 11.18 DAYS
BALANCE DURATION FOR ACTIVITY 5 IS 2 DAYS
BALANCE DURATION FOR ACTIVITY 4 IS 8.34 DAYS .
BALANCE DURATION FOR ACTIVITY 8 IS 4.1°DAYS.
© Table 4-2:° Computer printout for availsble workday.

. on day 11and 12 .




the activities that are not likely to start in t‘he tactical
plan  period, the original cstimated  duration  remains
unchangtd/ .The expected duratlon estimates of all tactical
plan activicfes £ros the firat simulation run are shown din
Table 4-3. This completes one simslatioa resulting tn one
set of expected duration estimates for all tactical plan
activities.  As explained in the preceding chapter, it is
estidated that 30 simulstions are expected to give a
uu%mble cross  section of the occurrence of the project
environment. Accordingly, 30 simulations are carcied out in
a sinmilar nmanner to represent many outcomes of the project
environment and  the corresponding  activity duration
estimitess  Eipacked ducation estiustes sepacately For cach
activity from all simulation runs are sorted in ascending
order to obtaln a range and a distributfon of duration
estimates for each tactical plan activity. For example, the
oelginal = estinated duration . for mctivity Tank pipe
Installation 1s 10 workdays.  The simulated duration
cstimates are the following:

7, 8, 8.5, 8.5,9, 9,9, 9,10, 10, 10.5, 11, 11, 11.5,
1.5, 12, 12, 12, 12, 12.5, 13, 13, 13.5, 13.5, 15, 15, 15,
15, 16, 16, and 16.5 workdays.

From ' the frequency of occurrence of the duration
estimate, the expected activity duration distribution 1s
obtained. It will be observed that there Ls 0.33 chance

that the activity duration will be 10 days, as estimated

remaining durstion required to complete the activity.—For —
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Table 4-3: Estimated activity durations fros
S oe simulation 1

ACTY FROM TO DESCRIPTION DURA
' T

NO. 10N
1 3 1 CLEAR SITE 4.5
2 1 2 SURVEVAL .0 3
g 3 2 3 ROUGH GRADE 2
4 3 4 DRILL WELL 18
s 3 -& FOUND. WELL 5.5
- 6 3 g EXCA.FOR SEWAR. 11
i 7 3 10 EXCA.MANHO !
) ] 3 12 0.H.POLE 7
9 4 5 INSTALL W.P 3
10 5 8 U.BG.W.P 7
. 1n 6 7 ERECT W.T 13.5
12 7 B TANK PIPE 10
13 8 13 CONNECT PIPING S
149 n INSTALL SEWAR 10
15 10 11 INSTALL M/H = &
16 11 12 INSTALL ELEC.DUCT
3 4
17 12 13 PULLIN P/FEED 7
18 13 14 BIDGL/O - 1
19 13 23 EXCA.FOR OFF 5
20 14 15 DRIVE &POUR PILE 1 &
21 15 16 EXCA.PLA W/H 6

22 16 17 POUR PILE CAP 5.5
23 17 18 FDRM AND POUR 10
28 18 19 BACKFILL 7
25 18 21 FORM & POUR R/L 9.5
2 18 22 FORM & POLR T/L S

27 19 20 u/s PLUMB S -
28 20 22 U/S CONDUIT 5

29 21 22 pumMMy 0 3
30 22 .29 FORM & POUR 10

31 23 24 SPREAD PLOT 6.5

32 24 25 FOl &

33 25 26 B/FACOMPACT 1
34 26 27 u/s PLUMB 4
35. 27 28 U/S CONDUIT 4
36 28 29  FORMMPOUR 4




originally. ~The duration—estimate—forthis activity wmder————
most favourable project environment will be 7 workdays.
Under least favourable project environment, it will be

finished in 16.5 workdays.,
4.4 MONTE CARLO STIMULATION OF THE COMPLETION TIME

Monte Carlo simulation wuses the expected activity
duration distribution and generates {n cach Lteration one
set of duration estimates for sil tactical plan activities.
It then produces the tactical plan completion time for the
set. ueratlje simulations' result in a distribution for the
tactical plan completion time from which thg cumulative
distribution is obtained for the ;uctlcal plan completion
tiase as shown in Figure 4-4. Next, the original schedule is
compared with the simulation output. The original strategic
and tactical plan completion time along with the appropriate
contingency sllowance is shown in Figure &4-5(a). The
project 1s yet to startjlts simulation will start from May
1, 1984, the ?[l![ date considered for the project. The
tactical plan ends on B8th project day. The total project
completion time, 300 workdays, includes 15 workdays towards
contingency time allowance. The original completion time
for the tactical plan, including a proportionate cdntingency
time allowance of &4 workdays, Ls 92 workdays. The
simulation results are shown in Figure 4=5(b) and (c). The
cumulative probability distribution for the tactical plan

period {s also shown in Flgure 4=5 (d). It will be aeen
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that completion -of ' the tactical plan ‘within the original
duration incliding the proportionate contingency ,bime
allowance is vnot‘ feasible. VAnethe‘r conclusion is :hl(’,' 1f
the project tactical plan proceeds without any acceleration,
the expected delay in the tactical plan, based on 50 percemt
probabilicy will be 15 uorkdn‘yl. :

Nex-r.. PIROBUP relates the sgimulation results to the
strategic plan. There are .two alternatives. Alternative 1
1s optimistic and assumes that the activities in the
strategte ‘blen mertod: will be complated ss per the welginal
durdeion and the expected delay is only in, the_ uchgu plan
lperio'a. © o In that case, the project completion time
distribution is similar to the tactical plan distribution

" Bt
obtained earlier as shown in Figure 4=5 (d). The expected
project completion time corresponding to 50 . percent
probability is 304 workdays. This optimistic forecast
reflects a favourable future project environment. )

Alternative 2

sumes that the expected delay in the
strategic ‘plan with respect to the tactical plan delay is

proportionate to the time span of the two plans. Figure 4-5

(c) shows the distribution of completion time for the
tactical and strategic plans. The expected project
completion time corresponding to 50 percent probability is

o be  observed that the

349 workdays. It will a

discribution pattern differs from that of Alternative 1.’

This highlights the need for the management to offset delays
during the tactical plan so they do-not get magnified in the

strategic plan.




The criticality index for each activity of the tactical

‘Plan s computed from simulation results as shown in Table

4-4. The output discussed here fis avallable immediately

bufuru. the project starts, so the management ' can take
advance remedial measures to prevent -;y schedule delays.

_ Assuming that the project has been in,progress: for. two
reporting perfods, ‘on July 1,-1984, the beginning of the
third reporting period, progress data is input for updating
the project schedule.  During the two previous reporting
periods, certain - activities have, been completed. - Some
activities are ' expected to be in progress and need time to
complete. This progress status is presented in Table 4-5.

Ten new. activities are added to the preceding tactical plan.

The tactical plan now.extends upto Sept 30, 1984, the 124th’

project day.  The tactical plan data is updated and the

latest infor

tion on the dmpact of ' the uncertainty
variables is added.

PRODUF starts simulation of the project environment one

day at a time, for the tactical plan period, computes the -

coablned iapact of the uncertainty variables in teras of

workday loss and obtains duration’ distribution for- each
activity.  Monte Carlo simulation is carried out as before
to get a distribution of completion time for the tactical

plan. The completfon time -distribution for the tactical

plan and the strategic pl;n, on siatlar lines as for

reporting period 1 shown in Figure 4-5, are lndl‘cl!ud in

Figure  4=6 (b), (c), and (d). u.u-‘i:p,,r-inu\ a
):

. : ' I

i




30 i
N .
Activity - Criticality Activity Criticality
number {ndex number tndex
1 1.00 19 -
2 1.00 20 1.00
3 1.00 - 21 1.00
4 e 0.75 a2 1.00
H 0.20 23 1.00 .
6 0.04 24 1.00
S - 23 ; &
o - 26 -
9 0.85 27 1.00
10 0.85 TR 1.00
1 0.08 29 -
12 < 0.08 . 36 1.00
13 1.00 31 -
14 0.04 | -
13 X - al -
16 0.04 ET) -
17 0.08 35 -
.o 0.04 36 -
|
1 p
Table A-41  Criticality Index - First

reporting period




NoteiNo other changes in- the impact data.

1

Table 4-5: .. Project progress table

5. ‘e
- P 5

& ’

“Time now" Begining of third reporting =
period )

Activities completed i 1022,
Activity in progress o 2 i
Remsining duration . 5 1
e activity 23 ‘

. 3
Activity just to start - L3

% -
Any change fn activity ! nil
durstion L :
Current tactical plan . as
start day .
Current tactical plan 124
end day
Data relating to uncertainty varisbles
Economic sctivity 1é‘ 1
Ratio for tactical plan period
Sy }

July. - 5 0.8
" August L8 0.8
s ept. . i - 0.8
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- 5
probability of 77.5 percent that the tactical plan will b.

carried out as per schedule (including proportionate
; J

. contingency time allowance). Extrapolating the trend for

the strategic plan, the cumulative prohability distribution
of completing the project on prog.cq a;,~zss 1s also 77.5
peccunts Whew the SoRvIAgeREy Eiee sllovenés L letuded;
no delay 1is expected and the project is expected to be
completed ui:hxn schedule. Also, the crl:lcul%ty 1nde;

the tactical plan activities is computed as shown in Table

4-6.

On comparison of this forecast against the forecast made

_ for the first’ reporting  period, it is observed that ‘the

project 4- progressing well and efforts to offset any  delay
that could have been caused by the uncertainty variables
have been fruitful., It 1is evident that the original
schedule will hold and does not need a revision. )

Similar updates and simulations at each reporting period

till the project 1s complete provide manage yith a
forecast _ of .project duration. Being generated from

simulation of the project environment, 4t .will be more

iy,
!

than-the—one—dertved—from—tntultive atidns
. )
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e Activity . Criticality Activity criticality E ‘
2 number tndex, number index .
. s | 3
0 o ©oes ! W Y owes o e
. 24 i 0.95 o 38 0.05 i
125 ’ = - EE 1] “0.05
/ 26 - 37 T
i W T v 0.95 .38 ~ 1.00
1 s ! 0.95 Coag T 1.00 L
! w = g 40 E l
3 N 30 ! 0.95 . 41 . 0.85
" n g 0.05 a2 1.00
32 - 0.05 a3 - 1.00
33 0.05! i 44 ) 1.00 .
K
. Table 4-6: criticality index - Third
T reporting period
»
L ! 4




i PR " " " _chapter 3

‘*ll{w_v APPLICATIONS AND LIMITATIONS

p!nje:t. schedules,

incorpotl(n the up.u of the uncertainty varisbles on the

A | .ctivity durltlon estimates, and produces the prob.buum

farscast of project duratios. Tt has the foliowisg
applications. :

5.1 APPLICATIONS : :

-

5.1.1 FORECASTING PROBABILISTIC CONPLETION TINE
—

¥ - PRODUF can be used to forecast probabilistic pro ject
completion time. Forecast plots made at the beginning of

first and third reporting periods were shown in Figures &-5

and 4-6 respectively. These plots shov the probabilistic

trend of achieving the original schedule.

ﬁ already stated, PRODUF also generates ‘Taforsation s

Tadtviiasl cativities Wik can pravids sdaivioncl EAGAghE
|

into the project’ Based on the expected duration

distribution of each activity, manage

nt can focus its
5 ‘. extra  attention on such activities that have greater

- s ,likelihood of deviating from the  originkl  duration.

+, Time/cost trade off decisions to offset the delay can-be
: |

taken by the management.

o = -



5.1.2 CRITICALITY INDEX

The criticality ™index of an activity -is of great
importance +for management by exception. PRODUP generates a’
more reliable criticality index since it takes into asccount
the combined impact of the uncertainty variables.

,5.1.3 SERS ITIVITY TO UNCERTAIRTY VARIABLES

PRODUF {dentifies the significant uncertainty variable
that is expected to cause most delay in an activity. This
helps management to take timely preventive actiom.

| -~ .

5.1.4 CONT lIGliCY ALLOWARCE

PRODUF can be used to make a realistic estimate of
contingency time allovance ‘for the projact.. By a suitable
‘extrapolatipn from the forecast of expected delay for the
tacticsl plan period, the contingency time allovance can  be

estimated.
5.1.5 GAMING MODEL

Construction management = games 11kKe"CONSTRUCTO"

or"PERTSIM" have been developed to glve the student confined
to the academic setting, an opportunity to develop the
‘skeleton of his own responss by confronting him with

probl

in theg

e environment similar to those actually
encountered on job site. PRODUF, with minor modifications,
can also be used as a gaming model for facilitating students

will.be 1its main feature

learning. The followin




-

Use of microcomputers compared with the existing
models on mainframe computers. P
‘2. Incorporation of the combimed impact of a larger
number of uncertainty variables. .
:

3. Extensive use of historical data ‘on . uncertainty
variables for a specific pro ject.

- 4. More realistic probabilistic forecast of project
delay to enhance student's understanding of the
impact of the uncertainty varisbles.

" i 8

As an extension of its application as a™ganing model, PRODUF

n aleo be used for personnel gelection.
5.1.6 APPLICATIOK OF ~PEODUF 0‘!~A\E!Dl0 PROJECT |

PRODUF model has been effectively used on a hydro

pro ject. The project vas under construction and the dam at
sast ait’wart wave atacltanceisly ‘Ao grogiens. diew ‘Ehas Nodal
was used. . It had a diversion tumnel-to drain the runoff
collected in the teservoir. The gate to the diversion
tunnel - was to be closed permanently when the reservolr was
ready to store yater. The management would 1like to
comaission the project in November or December 1984 as soon
as the comstruction was over. To store llllnu! wvater in the

e P electricity, the diversfon gate

& -u‘-l: be closed as early as possible so that enough of the
1984 spring.runoff would be stored. Since thelivo dams were
expected to be constructed during the Spriag and.must not be
overtopped, a sultable date for -gate closure had to be
selected which yould satisfy both constratate.

The following input data vas given by the consultant:




¢
s . Temperature, precipitation, runoff etc. for  a .
period of 15 years for each day of the year: .

2. Relationship befwee® construction productivity
and veather conditions based on past performance.

H S 3. Equation relating height of dam with the volume
. of f111 for each of two dams under construction.
. o
\ - From the available weather data, PRODUF.simulated weather

for each project day. Daily construction progréss and . the

resulting dam height were CETpEON, WALHE AL RN

il conditions, observed weather p;oduttivity relationshipagyand

’ Y the workday type (off d;y, half workday, full workday or

. . double ‘ghift). Once the required dam height was jrfached,

o : the construction was stopped and the model printké‘the dem i
height for each day ss shovn partially in Appendix D. As a

. Siiceung jotat; Ehi’ modsl, eenslderel .a: jives date fo

R dxv.:igan gate closure and generated an optimm d.m:

the wager levelin the reservoir was maintained at least one

metre below the dam height reached” on that day. This

prevented overtopping of the dam. “In the leAn:ime., while

construction was in progress, the spring runoff was ‘being

stored. A distribution of gate closure dates was plotted

£ N taulatd £ 1 1 d-d, heigh

¢ . N
shown 4in Figure 5-1. The management selected the gate:

closure dates commensurate vith the risk Lt wanted to take.
FPigure 5-2 shove the cumulative distributlon for lmg gate,
" closure dates. It shows- that there was no chnnculof the | [

da being overtopped ® 1if the diversion gafe was closed on

©,  May 25, 1984. .In addition, the model generated cumulative 3




] 3 : 5 [
,digtribution. curve for the likely istart dates of dan
. “construction as shown in Figure 5-3. Also, ‘dependifig on

different gate - closure dates and simulated runoff,

distribution was obtained of ‘the’ dates -  when the Ilowest'

(supply level required to generate ':xec:nu:y would be
reached. :A cumylative distribution for the date when the

lowest: supply level would be reached is shown in Figure 'S-4.

Thus, PRODUF provided  the management with  valuable

information to plan its constructiop and commissioning
programs. i :

T‘\m' observations can be made;first, r.he-foru':-.u( of gate
closure date 1s based on’'lS years weather data provided by
Chascansdlsaney Tt idody mot, provide for hazards such as 1
“in 50 year flood situations. Second, only one uncertainty

variable, weather, (s considered- significant for  this
problem. e w

| - ;- :
5.2 SB‘BCIAL FEATURES & J

1. The model ' does not interrupt the’ existing-
procedures for collecting progress data,
~ “processing it and providing the field staff with
updated action reports. It  utilizes the
1 a

hi 1 rélating to -the —uncertaimty . . —
variables to offectively forecast ' expected
praject delay of advancement during ite tactical

plan period. 1In.case of an expected delay, the
forecast alerts the management on- the need for
taking corrective action before problems arise.

2. The model ls an aid for incorporating the: impact
of the uncertainty variables thereby permitting
even the less experienced personnel to forecast 4
project duration with a degree of accuracy and
thoroughness. :

/ o e
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3. It makes the management aware of the - need to
revise the schedule when the project can no
longer be brought back to its original schedule.

5.3 PLEXIBILITY

, PRODUF has been written 1in BASICA  for

microcomputers.  Unlike package programs, the user has
access to the program and can suitably modify {t to his/her
requirements. nipg-.xn.‘ the 1impsct considerations 1is
Possible 80 as to generate SERIRAELDURY. FRTEEE HLENEE LS
fleld staff! Since it works.on microcomputers, PRODUF can

be. applied td small and medium size projects and can be used

i
in remote areas.

At this stage, it is relevant to discuss the limitations

. |
of the model. |
i

5.4 LIMITATIONS

1. The impact of various .uncertainty variables are:
considered only  for ‘four reporting periods
represented by the tactical plan. However, the
limitation helps keep the model within the realm
of realism because it is impractical to predict
with any degree of confidence the impact of the
uncertainty varisbles for a period longer than
four repoxting periods.

2. The model h its foundation in the historical
data on uncertainty variables and its impagt to ,
refine the activity duration estimate and as
such, the reliability of the output will be in
direct proportion to the accuracy of the inmput
data. Until the required information for all the
significant uncertainty variables is not
available, it is possible to limit . the {mpact

7 considerations to those variables for which the

data {s currently accessable. In the meantime,
steps can be taken to collect data for future
applications.




~

ol e g TP

3. Although the model uses a range of distribution

occurrenc of 4individual uncertainty
it can use any given distribution.
The use of such refined data will further enhance
the reliability of the forecast gemersted by the
model.

H N
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Chapter 6
CORCLUS IONS

It' is a well known facj that the project environment
considered while estimating an activity duration .at the
planning stage does not remain static sty iea
i;plauuntltlnn. The intuitive consideration of the combined
impact of the dynamic uncertainty variables, while revising

activity durations; many times fails to produce a reliable

forecast of project completion time. The need for a model

Vhiéh can simulate the project environment to incorporate

the combined dimpact of the uncertainty variables in the

activity duration imates was identified 'as the problem

for this research study. A, set of selected uncertainty"

variables considered significant were studied in detail and

suitable methodologies for random sampling were devised to

quantify their expected combined {impact on the activity

duration estimates. . . .

A computer model ° "PRODUF"has been developed to
ca-pr.h-nnxvnii sinulate the dynamic uncertainty variables
and  incorporate their combined impact on activity duration.
PRODUF, starting with cthe d-uu\xnun: fduration of .ln
activity, computes a dlltribu(ian\of duration estimate for

each activity., It then carries out Monte Carlo simulation

a




on activity duration distributions- to give a probability

distribution for thé tactical plan completion 'time. ~ This
forecaat has been used to develop project completion time
forecast from the strategic plan at every progress review.

An ex:

ple project was considered to explain the working
of the model. ’

Hany ‘applications of PRODUF were explained. Among them
are the generation of nanagement information. includlng
‘activity duratfon distribution, criticality index for
.tactical plan activities, sensitivity of an activity to an
uncertainty variable. B

coneriburtone . FEoN KMy EEKENCCR WARE aEe .l;ormully
1dentified under two major categories;first, sdvancement .of
the state of the art 1in the relevant field and second,
practical use of the research work.  This research work
justifies its fnclusion und:r both categories because of the

following reasong:

1. The state of ‘art has been ‘advanced by detailed
studies carried out on the uncertainty variables
and development of methodology , to account for
their combined impact on activity duration
estimates.

2. PRODUF uses microcomputers keeping in view the
current computer technology status.

3. Many potential applications of PRODUF are
described. Its practicality has been validated
by using PRODUF on a hydro project.

4. PRODUF can be used as -an improvised gaming model
in project . scheduling as a teaching aid in
project management field. #

5. PRODUF' can be applied to medium to large size
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: projects cause it fs - designed: for
microcomputers and can be used with the available

data for any number of uncertainty varisbles at
any stage of the project.It is run as and when
.. specific questions need to be ansvered and as
\ such 1is an inexpensive i

11 g O A PR
&

nt reports need not be generated it can

. s conventional updating systea for
‘ . functional management.

PRODUF 1s thus a major addition to the repertoire of the
existing project scheduling tools available in

| 2
microcomputers.
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7w e - g e i APPENDIX A

Total number of activities :17° .
affected e,

Affected activity nuabers :1,4,6,7,10,12,13,19,20,21,
i . 22,23,25,26,30,32 & 36.

$ g No Acty. Vol.of Unit Time for. Expected

- No. Work Qty. First Dév.in D.C -
. Unit | (+) .
i
i ' [ 1 1 0.1,
) 2 4 100 1 0.25 . 0.05
6 4000 100 0.4 0.05 *
‘ P 7 2 1 1.25  0.05
. i 5 10 40 1 - 0.32 ° 0.05
y ) 6 12 100 1 - 0.2, on d
B , 7 I - 20 1 0.18 0,1
s 19 1»:1200 100 0.35 0.05
1 . 9 20 /;z/\" 20 1 0.8 “0.05
& 10 . 21 { a0 100 0.35  0.05 .
& 10 0.8 0.05 *
. 10 0.8 0.05
' - : 10 0.6 0.05°
i . 10 0.6 0.05
o ; . 10 0.8 0.05




114

o a——

0.5

10

. %0 B




-115 &
. s
Number of congested zones 12
Available Space
Zone nudber = .Space Available
in Sq.ft.
1 400
2 . 600
Number of activities - 15
likely to be affected
Activity . Zonme. ° Space reqd.
‘6 . 300
7 300
25 400
27 400
28 " N 400
. — "
Honth <. Range of percent Absenteeism
. s Hidweek Weekend/ !
. days Begin days
from to from to
Jan . 6 10 2 12
Feb X 4 <10 6 11
Hat . 3 8 s 9
Apr 3 7 4 .8
Hay 2, 6 3 6
Jun " 1 6 3 6
Jul 4 8 3 9
Aug 3 8 4 9
Sep 3 7 4 10
oct 2 7 4 9
Nov 3 8 3 7
Dec 3 8 3 8
Number of Activities | 135
affected h
Note .

1, Details of Impact in| terms of Workday loss may be
glven for each activiity. .

2. Manpover required for tactical plan period : 25




Regulatory Requirements

oL
Number of activities s '
affected -
Numbers of activity ~ i 4,8,14,16 §17
affected )
Impact in terms of workday loss v
.. Activity " Range of expected workday loss
number Daily basis At end of acty.
- From. To From To
4 - - 15 4
8 - ‘0.2 2 4
) - * 0.2 1 3
.16 - - - 1
17 - 0.1 1 3
Design changes and ‘Rewoik
Number of activities o5
affected .
Numbers of activity t4,11,13,25,31 |
affected . 2
Activity : . Rangé’ of workday loss .
Number daily basis At end of .acty.
¢ From To “From To
4 - - 1 5
o - 0.2 1 3
13 = 0.2 1 4
25 - 0.2 2 4
31 - 0.5 1 5
‘ N
a
. i .
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Economic activity level

Eq.relating Productivity adjustment
factor with the ratio of Numbers of
Workers required to available

+ el 15-(0.154K)

where Y=Productivity Adjustment Factor

and  X=Ratio

Value for X for Tactical plan Months

Labor Unrest

Number of Days .expected to
affected | L.
Project day numbers that are :

expected to have labor unrest

Activity numbers expected to :
have impact due to labor unrest

Value of X
0.8 .
0.8 Ea
0.9 J
0.9

112

44,45, 46,47 ,48,66,67,
68,69,70,71,72

\
4,5,6,7,11,12,13,19,
20,21,22,23,24,26,27,
28,30, 31,32, 34,35 .36

Note: Impact in terms of workday loss can be tabulated for

each one of the activities.

RSO, T
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ke 7 ) 5
Specific uncertainty variables

Number of activities likely to i 8 «
be affected . .
Activity numbers expected to "t 4,6,8,14,15,27,33,35
be affected - 1

Details of the expected workday loss

Acty. ~ .. Specific uncertainty , - -Range of "end of
No. 5 Variable . adtivity loss
From T
4 Drill equipment Failure -
6 . Soil condition PO
8’ Pole Delivery -
14 Deli.Sewarage pipe. 1
15 Delivery Manhole -
27 . ' Material delivery -1
33 . Compact M/c Fail -
~ 5 . . Conduit Drgs =

THNWENNWNO




9 APPENDIX B

Forss

100 CLS 4

110 REM J waane
120 REM "### - s
130 REM "##w PRODUF COMPUTER|MODEL STEP 1 o
140 REM "#a% ! wran
150 REM b

160 LOCATE 11,20 :PRINT "“CPH SCHIDULING PROGRAM WITH
CALENDAR DATE

170 ruur :LOCATE - ,20 :PRINT " DEVELOP

ED .

180 rnmr 1LOCATE ,20 :PRINT =  FACULTY, OF ENGI
NEERING : v

AND APPLIED  SCIENCE - ¥

190 PRINT :LOCATE ,20 :PRINT = MEMORIAL  UNIVE
RSITY OF  NEWFOUNDLAND™

200 PRINT :LOCATE ,20 :PRINT ~  ST.JOHN'S, NEWFOUND
LAND,CANADA-AUJXS . :

210 DIM F(100), T(100), E(100), L(100), A(300), C(100),
H(4),6(100),J(100),B5(100),E5(100),L8(100),6$(100), 15¢100)
220 PRINT :PRINT

230 LINE INPUT "PROJECT DESCRLETION “;Lag8

240 PRINT

250 PRINT "ARE YOU UPDATING (YES/NO)?Z"

260 LINE INPUT ;UD§:PRINT

270 IF UD§="YES" THEN GOSUB 6830:G0TO 290

280 UD$="NO": INPUT "INDICATE PROJECT DAY CORRESPONDING TO
END OF TACTICAL PLAN PERIOD"/DN |
290 CLS :LOCATE 11,25 :PRINT "DO YOU NEED A CALENDAR DATE
SCHEDULE OUTPUT (YES/N0) ?* i
300 LOCATE 15,25 :INPUT C$  ° i
310 IF C$ ="YES" GOTO 320 ELSE Go‘m/zm

320 CLS:LOCATE 11,20 :PRINT "HAVE YOU CREATED A CALENDAR
DATE PROJECT CALENDAR (YES/NO)? *:LOCATE 15,20 (INFUT D§
330 IF D§ = "YES" GOTO 350 ELSE GOSUB 3530

340 CLS:PRINT "THIS 1S TO GENERATE TACTICAL PLAN SCHEDULE.
FEED DATA THROUGH OPTION 2*

350 CALFL§="A:"+LA$+" .CFL"™ &

360 OPEN CALFL$ AS-1 LEN = 4 %

370 cLs

380 LOCATE 7,20 {PRINT "INDICATE voug_qynou T0. FEED PROJECT
ACTIVITY INPUT DATAFROM : - :LOCATE .

390 PRINT .
400 LOCATE_ ,20 :PRINT "1l. DISKETTE (FOR STRATEGIC SCHEDULE
PRINTOUT)" i

410 PRINT

420 LOCATE ,20 :PRINT "2.INPUT DATA STATEMENTS(FOR TACTICAL
SCHEDULE PRINTOUT)" . E
430 PRINT

440 LOCATE ,20 :PRINT "3. KEYBOARD ~

450 PRINT

460 LOCATE ,20 :INPUT "OPTION NUMBER ";XX

470 IF XX=1 THEN GOSUB 2990 :GOTO 620

480 IF XX=2 THEN GOSUB 3330 :GOTO 620

*490 PRINT " *




*120 ®TR

500 LPRINT

STO CLS :PRINT " ENTER TOTAL NUMBER OF ACTIVITIES®
520 INPUT N:

530 PRINT " "
540 POR X=1 TO N
550 PRINT "INPUT ACTIVITY ";X;" (PROM, 10 ) *;
560 INPUT F(X), T(X)

570 IRINT * DURATION I WORKDAYS FOR ACTIVITY
1S= "}

580 INPUT C(X)

550 LINE INPUT-AGTY.DESGRIPTION 17iB$(X)

600 NEXT X N

cLS
620.G0SUB 1270 ,
30 CLS:LOCATE 10,21 :PRINT "PRINTING PROJECT ACTIVITY

640 CLS u.vunr rn(u);- PROJECT ACTI
VITY DETALLS ~:LPRINT ~

650 LPRINT Pno.lzc'r . "3LAS

660 LPRINT

670 17 XX=1 THEN LPRINT TAB(23);
STRATEGIC PLAN"
680 IF XX=2 THEN ermr TAB(23);
./ TACTICAL - PLAR" 5= | .

690 LPRINT :LPRINT | < by .
700 LPRINT TAB(15) 5™ ACTY  PRED |SUCC ' ACTIVITY
DURATION .

710 LPRINT TAB(15); = No. DESCRI

PTIOK - O By
720 LPRINT :LPRINT i J
730 FOR X= 1 TO K
740 LPRINT TABC16);X TAB(25)3F(X) TAB(329;T(X) TABC39);
B$ (X) TAB(60);C(X) 4
750 LPRINT:LPRINT - N
“160 NEXT X:CLS
770 1F XX=2 THEN.1500
780 PRINT (PRINT "D Y0U NEED ANY GORRECTION IN THE
PROJECT ACTIVITY INPUT .DATA (YES/NO)
INPUT DF$: IF DF$="N0O" GOTO 1500
800 IF XX = 3 THEN 840
810 FRINT “D0 YOU WANT THE CHANGE 10 BE EFFECTED IN
THE DISKETTE ALSO (YES/NO)?"
820 INPUT FG$:IF FG$="N0" THEN GOTO 840
830 QPEN M§ FOR OUTPUT As #.
840 PRINT "INDICATE TOTAL NO, OF ACTIVITIES TO BE
CHANGED -
850 INPUT GG:PRINT
860 FOR Y=l TO GG:PRINT "INDICATE ACTIVITY NUMBER
THAT NEEDS'TO BE CHANGED
870 INPUT X:PRINT
880 PRINT “INDICATE NEW PRED,SUCC EVENT NUMBERS
+ INPUT F(X),T(X)
890 PRINT "GIVE NEW DESCRIPTION ":INPUT B$(X)
900 PRINT "INDICATE NEW DURATION ":INPUT C(X)

°
°




T 910 NEXT Y

920 PRINT "DO YOU WANT|TO DELETE ANY ACTIVITY ?
(YES/NO)"

930 LINE INPUT ;DEL$

940  IF DEL§="YES" THEN 950 ELSE 1020,

950 PRINT "INDICATE NUMBER OF ACTIVITIES TO BE'
DELETED “:INPUT ;DEL

960 FOR X=1 TO DEL:PRINT "ACTIVITY TO BE DELETED
*:INPUT DACT(X)

970 F(DACT(X))=0 - X

980 NEXT X L S

990 FOR X=1 TO N

1000 IF F(X) = 0 THEN G=X :GOSUB 1170

1010 NEXT X

1020 PRINT "DO YOU WANT TO ADD ANY ACTIVITIES™:LINE
INPUT ;ADDS

1030 IF ADD$="YES" THEN 1040 ELSE 1100

1040 PRINT "NUMBER OF ACTIVITIES TO BE ADDED ":INPUT
3 ADD

1050 N=N+ADD

1060 FOR X=N=-ADD+l TO N

1070 PRINT "INDICATE PRED,SUCC EVENTS":INPUT F(X),T(X)
1080 PRINT "INDICATE DESCRIPTION":INPUT;BS§(X)
1090-PRINT "INDICATE QURATION":INPUT C(X):NEXT X:CLS%:
LOCATE 10,213PRINT "PRINTINGBROJECT ACTIVITY DATAILS"®
1100 GDSI.I! 1270

1110 LPleﬂ TAB(15) ;" ACTY. PRED  SUCC ACTIVITY *

1120 LPRINT rn{\ls), " NO. DESCRIP
TION $ 5

1130 LPRINT xl.PlINr

1140 FOR X= 1 TO

1150 LPRINT nl(\s) X TAB(25);P(X) TAB(32);T(X) TAB(39);
X

“F$(X) TAB(60);C(X):LPRINT :NEXT

1160 GOTO 1220

1170 FOR Y-x+l TO

1180 P(Y- l)-l(!)xr(v-x)-r(!) BS(T-1)=R$(¥):C(Y-1)=C(¥)-
1190 NEXT Y N

1200 N=N-1:X=G-1 .

1210 RETURN

1220 IF FG$="NO". THEN 1500

1230 WRITE #3,N

1240 POR X = 1 TO N :WRITE ¢3, P(X) T(X),B$(X),C(X):NEXT X

1250 CLOSE #3

1260 GOTO 1500 E v .
1270 FOR Z =1 TO'N-1
1280 J=Z

1290 FOR X=Z+l TO N

1300 IF F(X)>F(J) THEN 1340
1310 IF F(X)<F(J) THEN 1330
1320 IF T(X)>T(J) THEN 1340 °
1330 J=X°

1340 NEXT X

1350 IF J=z THEN 1480

s g—

A



-L:so H(1)=F(2Z) R

1430 B§(Z)=B$(J).
(J)=a(1)

>
°
-

(2)
1460 C(J)=H(3)
1470 B$(J)=H$(4)
1480 NEXT 2,
1490 RETURN
1500 E(1)=1 # -
1510 FOR  X=1.TO N
1520 E(X)=E(X)+C(X)

“1530 IF X=N THEN 1610

1540 FOR D=X+l TO N

1550 IF F(D)=F(1) THEN E(D)=l
1560 IF T(X) <>F(D) THEN 1590
1570 IF E(D)>E(X) THEN' 1590
1580 E(D) =E(X)

1590 NEXT D - -
1600 NEXT X
1610 P=0

1620 FOR X=1 TO N

1630 IF P>E(X) THEN 1650
1640 P=E(X)

1650 NEXT X

1660 FOR 'X=1 TO N

1690 FOR Z=1 TO N
1700 X=N-Z+1

‘1710 FOR D=1 TO N-Z

1720 IF F(X) <>T(D) THEN 1750
1730 IF-L(X)-C(X)>L(D) THER 1750

1740 L(D)=L(X)~C(X)
D -

1750 NEXT

1760 NEXT 2

1770 FOR:- X=1 TO N .

1780 A(X)-L(X)-E(X) P -
1790 NE i

1800 cl-L(N) -1: BK-C! DN=EN-ST
1810 FOR  X=1 TO

1840 G(X)=E(X)+C(X)-1
1850 300 L (1) +e(x)-1

1860 NE

1u1o,uln

1880 TF C§ ="NO™ THEN 1950
1890 PRINT "




1950 CLS:LOCATE 5,20 :

1900.CLS:LOCATE 10,20 :PRINT “WHAT TYPE OF
SCHEDULE ‘DO YOU WANT ? CAT.

1910 PRINT :LOCATE ,20 :PRINT "I.CALENDAR DATE "
1920 PRINT :LOCATE ,20 :PRINT "2.WORK DAY NUMBER "
1930 PRINT 220 :INPUT A$

1940 PRINT

9

RINT PROJECT

SCHEDULE STATUS REPORT-
1960 LPRINT  "-
REPORT-=~
1970 PRINT
1980 LPRINT

1990 LPRINT

2000 LPRINT

2010 IF XX=1 THEN LERINT *
STRATEGIG~SCHEDULE"

2020 IP XX=2 THEN LPRINT °
TACTICAL SCHEDULE"
2030 PRINT “PROJECT
2040 LPRINT "PROJECT
2050 PRINT " " :LPRINT . Lo

PROJECT SCHEDULE STATUS

.2060 IF C$="NO" THEN 2090

2070 IF A$="2" THEN 2090

2080 IF A§="1" THEN 2110

2090 PRINT * 3 ‘
WORKDAY REPORT"

2100 LPRINT " 3 .
WORKDAY REPORT":GOTO 2140

2110 PRINT *

CALENDAR DATE. REPORT"

2120 LPRINT

~  CALENDAR’DATE REPORT"

2130 PRINT @

2140 LPRINT:LPRINT

2150 IF C$ ="NO" THEN 2160

2160 GOSUB 2790

2170°IF C$="NO" OR A$="2""GOTO 2470

2180 IF A$ ="1" GOTO 2190 |

2190 FOR X = 1 TO K .

2200 IF G(X)=0 THEN- 2250

2210 C=E(X):GOSUB 2860:E§(X) = DTES

2220 C=L(X):GOSUB 2860:L$(X)= DTE$

2230 C= G(X):GOSUB 2860:G$(X)= DTES

2240 C=J(X):GOSUB 2860:J$(X)= DTE$

2250 NEXT X:IF XX=1 THEN 2330

zzao ns-"oPl".oPaN M$ FOR OUTPUT AS 2:IF ST=0 THE

1270 wnxu #2 nl! N NN,ST,EN

2280 POR X = 1

2290 WRITE #2 ’(X) T(X) BS§(X),C(X) o

2300 NEXT X:FOR X41 To N:WRITE #2,E(X),L(X),G(X),
J(X),A(X):NEXT X

2310 FOR X=1 TO NN

2320 WRITE #2,NA(X):NEXT X:CLOSE #2




i
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2330 FOR X = 1 T0 N

2340 TF G(X)=0 THEN 2450 .

2350 PRINT P(X);TAB(6);T(X);TAB(12); B$(X); TAB(27)
3CCLSTAB(II) 5ES(X) 5TAB(43);L5(X ) ;TABCS3);CS (X); TAB(63)3”

-%j X)3ITAB(73);A(X); TAI(?B
g& LPRINT P(X);TAB(6);T (X);TAB(12); BS(X);TAB(27);C(X)
B

(33) 3ES(X Al(b!) L$(X);TAB(53);G$(X); IAI(63) Js(x)
,nl(u) A(X B(78);
2370 IF_A(X) =0 THEN 2400
2380 PRINT :LPRINT: PRINT :LPRINT
2390 GOTO 2430
2400 PRINT "%~
2410 LPRINT = * * .
2420 PRINT : : >
243004 = M+ 1
2440 nznt LPRINT
2450 NEXT s v
2%60 GOTO zsqu l g
2470 FOR X = 1 T0 N
2480 IF G(X)=O THEN 2580
2490 PRINT F(X);TAB(6);T(X);TAB(12); B$(X); TAB(28);C(X);
TAB(35); E(X); TAB(45);L(X); TAB(55 );6(X); TAI(GS),J(X),
TAB(72);-A(X); TAB(79);
. 2500 LPRINT F(X);TAB(6);T(X);TAB(12); B§(X); nl(za);
. C(X);TAB(35);E(X);TAB(45) ;L(X); TAB(55);6G(X);TAB(6
J(X);TAB(73);A(X);TAB(79); :
2510/IF A(X)=0 THEN 2550 E
2520 PRINT:PRINT
2530 LPRINT:LPRINT
2540 GOTO 2570 .
2550 PRINT™* =
2560 LPRINT "* ~
2570 PRINT:LPRINT
2580 NEXT X
2590 PRINT " % - INDICATES CRITICAL ACTIVITY
2600 LPRINT — * - INDICATES CRITICAL ACTIVITY "
2610 LPRIKT:PRINT s
2620 PRINT “PROJECT DURATION IS * ; cl
2630 LPRINT
2640 LPRINT "PROJECT DURATION IS  ";C1;"DAYS”
2650 PRINT. " -
‘2660 CLS :LOCATE 10,20
2670 PRINT :LOCATE - ,20
2680 PRINT :LOCATE - ,20
2690 PRINT :LOCATE ,20
2700 IF 22 =1 GOTO 1880
2710 CLOSE- 1 .
2720 IF XX=1L THEN GOTO 340
2730 IF UD$="YES" THEN 2740 ELSE 6960
2740 PRINT "IS THERE ANY CHANGE IN LOGIC AND/OR IMPACT
CONSIDERED IN THE PRECEDING TACTICAL PLAN 7 (YES/NO)"
© 2750, LINE INPUT LO$
2760 IF LO§="YES" THEN 2770 ELSE 9980 -
2770 PRINT "CONSIDER NEW TACTICAL PLAN AND FEED ALL KEW

~ INDICATE YOUR CHOICE "
~1.ANOTHER PRINTOUT
=2.EXIT

zz
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DATA "
2780 GOTO 6960

2790 REM SUBROUTINE FOR TITLE DESC&L'TIOH

2800 PRINT "PRED SUCC ACTIVITY
PINISH™

2810 LPRINT"PRED SUCC AC‘IIVX"

FINISH"

2820 PRINT" zvs EVE  DESERIPTION

ATE  EAR LATE

2830 mm'r EVE EVE nzscxxnnu

ATE . tt LATE

2840 PRINT | LPRINT .

2850 RETURN

2860 2 = 1:CeCH:

2870 FIELD 2,2 AS HD$, 2 AS YR§

2880 GET Z,C |

2890 n'rs-sns(cn(nns))

2900 H =.INT (CVI(HDS)/100)

zslo'n#-nraus(ms.z) i

2920 YR=CVI(YR$)

2930 P§ = D$§ .

2940 Q§ -sns(vn) J

2950 K$= RIGHTS (Q$, 2)

2960 J§ = STR§CM) .

2970 DIES. = P§+"/"+I§+" I +K§

2980 RETURN

FROM DISKETTE

DURA

TION

TION

..2990 REM SUBROUTINE TO !EAD PROJECT ACTIVITY INPUT DATA

3000 CLS:LOCATE 10,20 :PRINT "HAVE YOU ALREADY LOADED T
HE PROJECT ACTIVITY INPUT DATA-IN THE DISKETTE(Y/N)?"

3010 LOCATE 12 ,20 :INPUT YY$
3020 IF YY$="Y" THEN 3220
3030 H$="DAFI"

3040 OPEN M§ FOR OUTPUT AS 2

3050 PRINT " "
3060 PRINT

3070 PRINT " ENTER TOTAL NUMBER OF ACTIVITIES ™

3080 INPUT N

3090 PRINT " "

3100 POR X=1 TO N

3110 PRINT "INPUT ACTIVITY "
3120 INPUT F(X),

T(X)
3130 PRINT " DURATION !OR ACTIVITY

3140 INPUT 0(X)

Xt

3150 LINE INPUT "ACTY.DESCRIPTION ?™;B$(X)

3160 NEXT X
3170 GOSUB 1270
3180 WRITE #2,N

(FROM, TO )

Is=";

3190 POR X= 1 TO N :WRITE #2 !(X) T(X),B§(X),C(X)

3200 CLOSE #2
3210 RETURN
3220 RR§="DAFL"
3230 M§="A:"+RR S

$NEXT
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” o ak oy p
3240 OPEN rgs.nm INPUT AS 2 i ¥
3250 INPUT #2 " LI |
3260 WRITE #2, n w ke ¥
3270 “FOR'X=1 TO N » X
5280 INPUT #2,F(X),T(X),B$(X),C(X) . A

#3290 WRITE #2,F(X),T(X),B$(X),C(X)
3300 NEXT X ?
3310 CLOSE #2 ,
3320 RETURN - . - S
3330 REM 3 oo 0% - .
3340 REM 1. THE PIRST DATALINE INDICATES ONLY THE
TOTAL NO. OF ACTIVITY
3350 REM
3360 REM 2\FROM SECOND DATALINE ONWARDS,EACH DATAL
INE GIVES PROJECT :
3370 REM . £
3380 REM DETAILS FOR THREE ACTIVITIES IN THE FOL 5
LOWING SEQUENCE . .
3390 REM , E : = %
3400 REM a)PREC. ACTY.NUMBER b)SUCC.ACTY.NUMBER c .
JDESCRIPTION d)DURATION .
3410 REM 3.00 CHANGES BY MODIFING N VALUE AND ACTIV
ITY DETAILS CORRECTLY |
3420 READ N | . Ry
3430 DATA 36 ! {hely o C-
3440 FOR X = 1 T ;o T
250 READ F (012 (00,88 (XY e 4
3460 NEXT X
3470 DATA 0,1,CLEAR SITE,3,1,2,SURVEY6L.0,2,2;3 L ROUGH
GRADE , 2,34, DRILL WELL,13,3,6, FOUND.WELL, 43,9, EXCA.FO
K SEWAR.,10 3,10, EXCA.MANHO, 1, 3,12,0 - H.POLE 6
3480 DATA 4, 5,INSTALL W.P,2,5,8,U.C.W.P,8,6,7,ERECT .
T,10,7,8,TANK PIPE,10,8,13,CONNECT PIPING,2,9,11,INSTA ¢ s
LL SEWAR,5,10,11, INSTALL M/H,5,11,12, INSTALL ELEC.DUCT,3 " Ts
3490 DATA 12,13, PULLIN P/PEED,S,13,14,BLDG L/0,1,13,23, -
EXCA.FOR OFF ,3,14,15,DRIVE 4POUR PILE,10,15,16,EXCA.PLA:
"W/, 5,16,17 ,POUR PILE CAP,5,17,18,FORM AND POUR,10
3500 DATA'18,19,
2,FORM & POUR T/L,5,19,20,0/S PLUNB,5,20,22,U/S CONDUIT
,5,21,22,DUMMY, 0, 22,29, FORM & POUR,10
3510 DATA 23 ,24,SPREAD PLOT,3, 24,25, FORMGPOUR,6,25,26,
B/F&COMPACT 1 26, 27,u/s nunn 3, 17 za u/s connum 3, 28’ .
,29, FORHGPOUR, 3 i
3520 RETURN s ° o w g
3530 CLS . s
3540 READ N
3550 FOR X=1 TO N:READ F(X)}T(X),B$(X),C(X)
3560 F(X)=T(X)=C(X)=0:B§(X)="0" :NEXT X:N=0
3570 REN SUB ROUTINE TO GENERATE PROJECT CALENDAR
3580 LOCATE 8,26 »
3590 INPUT "ENTER START DATE OF PROJECT";SYR$
3600 SYR=VAL (RIGHT$(SYRS,4))
‘53610-s-n-ul.(x.zns(sns.z))

3620 SD=VAL(MID$(SYRS,
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A
L
3630 S=-5:FOR Y=l TO SH:S=S+6:NEXT'Y - .
3640 IF SYRC1981 THEN CLS:PRINT "INVALID START DATE...
++.";SYRS$:GOTO 3640 . .
3650 LOCATE 10,26
3660 INPUT"ENTER PINISH DATE OF PROJECT™;FYRS: -
3670 PM=VAL(LEFT$(FYRS,2)) 5 <3
3680 FD=VAL(MID$(PYRS,4,2)) ® .
3690 FYR=VAL(RIGHTS(FYRS,4)) .
3700 F=-5:FOR Y=1 TO FH:F=F+6:NEXT Y
3710 IF FYRCSYR THEN CLS:PRINT mmm FINISH DATE...
<+-";FYR$:GOTD 3640
3720 N=FYR-SYR+1
3730 IF N<O OR N4 nzu PRINT "INVAL{D NUMBER OF YEARS'
» TRY AGAIN" : GOTO' 3660
3740 CLS : LOCATE 10,21 .
3750 LO§ = 'xxzcvunc......nnsz WAIT FOR NEXT PROMPT
43760 PRINT LOS
3770 DIM DDTZ(7,72,N) MNLZ(12) ,MNANES(67), DNANES (7, us(zoo) G
3780 REM = :
3790 R . Cmy @
3800 REM ESTABLISHES ON WHAT DAY YEAR BEGINS . i
(. 3810 YR=1981:X=5:L=0 L 3 ;
3820 IF SYR=YR GOTO 394 *
3830 YR=YR+1:L=L+l. Y = S tae s T
3840 IF L=4 THEN L=0:X=X+1 2 a4,
3850 GOSUB 3910 r .
' 3860 GOTO 3820 - i
3870 REM, g
3880 REM
3890 REM -
3900 REM SUBROUTINE TO INCREMENT X,Y,AND B . .
3910 X=X+1
3920 IF° X>7 THEN X=1:Y=Y+1:B=B+l . . ‘
3930 RETURN
3940 MNAME$(1) = " JANUARY " : MNAME§(7) = " FEBRUARY"
3950 MNAME$(13) = " MARCH MNAMES (19) = " APRIL, "
3960 MNAME$(25) = " MAY MNAMES(31) = " Jume - .
3970 MNAME$(37) = " JULY MNAME§ (43) = " AUGUST ™
3980 MNAME$(49) = "SEPTEMBER" : MNAME$(55) = " OCTOBER " ~
3990 MNAME§(61) = " NOVEMBER™ : MNAME§(67) = " DECEMBER"
4000 DNAME§(1) = " SUN ~ <
4010 DNAME$(2) = " MON .
4020 DNAME$(3) = " TUE " .
4030 DNAME§(4) = " WED " s
4040 DNAME$(5) = " THU " g
4050 DNAME$(6) = " FRI " : a5
4060 DNAME$(7)=" SAT " W B . o
4070 REM" L
4080 REM 4 : 5 y -~

4090 REM PROGRAM TO CREATE CALENDAR

4100 FOR I=1 TO N . - )
4110 Y=1

4120 FOR A=l TO 12 % . .
4130 B=0 . ! 5

!
|
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4140 READ HMNLX(A)

4150 DATA 31,28,31,30,31,30,31,31,30,31,30,31,

4160 IF L=3 THEN MNLZX(2)=29

4170 FOR D=1 TO MNLZ(A)

4180 DDTZ(X,Y,1)=D

4190 REM ESTABLISH START AND FINISH OF CALENDAR

4200 IF I=1 AND YCS THEN DDTX(X,Y,1)=0

4210 IF =1 ANB Y<=S+5 AND DDTZ(X,Y,[)(SD THEN DDTZ(X,

4220 nr L AND YS=F AND DDTX(X,¥,1)>FD THEN DDTX(X,Y,

4230 IF I=N AND Y>=F+5 THEN DDTZ(X,Y,I)=0

4240 GOSUB 3910

4250 REM .

4260 NEXT D .

4270 B=6-B:Y=Y+B

4280 NEXT A

4290 RESTORE

4300 READ M:FOR 0=1 TO M:READ F(0),T(0),B$(0),C(0):NEX
A -0 .

4360 REM PROGRAM TO DELETE WEEKDAYS
4370 LOCATE 8

4380 PRINT * SUN © MON TUE WED
THU FRI SAT" i 7

4390 PRINT {

4400 PRINT " L 2 3 4
5 6 7"

4410 LOCATE 12

4420 PRINT "ENTER NUMBERS CORRESPONDING~TO DAYS OF WEEK

NORMALLY NOT CONSIDERED AS WORKDAYS"

4430 PRINT * .SEPARATE B

Y COMMAS.” :

4440 LOCATE 15,35

4450 L1S = "YOU WAVE CHOSEN A "

4460 12§ = " DAY WEEK.

4470 L3§ = "THE ABOVE DAYS ARE CONSIDERED AS NONWORKING

DAYS."

4480 L4§ = “IS THIS CORRECT (Y/N) ?"

4490 LINE INPUT ;DAY$

4500 CLS : B = 0 : FORL = 1 TO-14 STEP 2 : B = B + 1

4510 D = VAL (MID§ (DAY$,L,1)) : IF L = 1 AND D = O THE

N LOCATE 10,27 : PRINT L1§ + "7" + L2§ : GOTO 4550 ELSE

IF D = 0 GOTO 4530

4520 LOCATE 2 + L,39 : PRINT DNAMES (n) : NEXT L

4530 LOCATE 10,26 : PRINT L1$;8-B;L2

4540 LOCATE 11,17 : PRINT L3§

4550 LOCATE 13,30 : PRINT L&§

4560 ASEINKEYS:IF A§="Y"OR A$="y"GOTO 4570 ELSE IF A$="
OR A§="n" GOTO 4350 ELSE 4560




4570 CLS ::FOR L=l TO 14 STEP 2

4580 DY = VAL(MID$(DAYS,L,1))

4590 IF DY=0 GOTO 4680 -

4600 FOR I=1 TO N - R

4610 FOR Y=1 TO 72 . 3
4620 DDTZ(DY,Y,1)=0

4630 NEXT Y

4640 NEXT I i

4650 NEXT L

4660. REM

4670 REM

4680 3 = 1

4690 CLS : B = B

4700 REM TO DELETE HOLIDAYS AND ESTABLISH HORKDAY

'COUNTER

4710 LOCATE 4 : PR]"T 'ENTER MONTH DATE AND YEAR FDR
HOLIDAYS IF APPLICABLE.

%720 PRINT

4730 PRINT "ENTER E TO EXIT AFTER ALL HOLIDAYS HAVE
BEEN ENTERED

4740 PRINT

4750 LOCATE , 35 : B = B + 1

4760 INPUT;H$(B) : PRINT f

4770 IF H$(B) = "E"OR H§(B)="e" THEN CLS : LOCATE 2,20
: PRINT "THESE ARE THE HOLIDAYS YOU HAVE ENTERED"
GOSUB 4920 : GOTO 4970
4780 GOTO 4750

4790 FOR C =1 TO B - 1
4800 HM=VAL(LEFT$(H$(C),2))
4810 HD=VAL(MIDS$(H$(C),4,2)
4820 HY=VAL(RIGHTS$(H$(C),4)
4830 REM

4840 REM TO DELETE DAY IN CERTAIN YEAR
4850 M==5:FOR Y=1 TO HM:M=M+6:
4860 IF HY>1980 THEN I=HY-SYR+1:GOSUB 5080:GOTO 4910
4870 REM TO DELETE DAYS IN) ALL YEARS

4880 FOR I=1 TO N

4890 GOSUB 5080

4900 NEXT I

4910 NEXT C : GOTO 5140

4920 PRINT . L

4930 FOR C = 1'TO B -1 : PRINT USING "##7;C;

4940 PRINT ". "; .

4950 PRINT USING "6 ®";HS(C);

4960 NEXT C : PRINT : X = CSRLIN : LOCATE X + 2
RETURNY ; N
4970 LOCATE X + 2,25 : PRINT " ARE THESE DATES COR
RECT (Y/N)"

4980 A$=INKEY§:IF A§="Y"OR A$="y"THEN CLS :' LOCATE
10,21 : PRINT LOS : GOTO 4790 ELSE IF A§ = "N" OR
A$ = "n" GOTO 4990 ELSE 4980

4990 LOCATE X + 5,26 : PRINT "WHAT WOULD YOU LIKE
TO DO 7" : LOCATE X + 7

5000 LOCATE ,20 : PRINT "1. CHANGE SOME OF THE

)
)




HOLIDAY DATES? . g
5010 LOCATE ,20 : PRINT "2. ADD SOME 'MORE HOLID
AYS 17" c

5020 LOCATE ,20 : PRINT "3. DELETE SOME OF THE
HOLIDAYS 2"
5030 LOCATE ,20 : PRINT “4. EXIT 7"

5040 A$=INKEY$:IF A$="1" GOTO 5060 ELSE IF A§="2"

GOTO 4690 ELSE IF A$ = "3" GOTO 5050 ELSE.IF A$ =
"4" GOTO 4770 ELSE 5040

5050 CLS : GOSUB 4920 : LOCATE X + 2 : INPUT "ENT

ER THE NUMBER OF THE DATE YOU WISH TO DELETE™;K :
HS(K) = " : GOTO 4770 .

5060 CLS : GOSUB 4920 : LOCATE X + 2 : INPUT " EN

TER THE NUMBER OF THE DATE YOU WISH TO CHANGE AND
THE NEW DATE" ;K, H$(K):GOTO 4770

5070 REM SUBROUTINE TO DELETE DAY OF MONTH

5080 FOR E=M TO M+5

5090 FOR X=1 TO 7

5100 IF DDTXZ(X,E,1) = HD THEN DDTX(X,E,I) = 0 :RE

5110 NEXT X

5120 NEXT E

5130 RETURN

5140 REM

5150 ¢ = 0

5160 FOR I=1 TO N 2 P
5170 FOR Y=l TO 71 2

5180 IF Y=1 THEN DDTX(0,Y,I)=

5190 IF DDTZ(0,Y,1)=DDTZ(0, 7z I-1) THEN DDTX(O0,72

5210 FOR X=1 TO 7 i

5220 IF I=1 AND Y{S5+2 AND DDTX(X,Y,I1)=SD THEN DDT
1(0 Y,1)=1

5230 IF DDTX(X,Y,I)<>0 THEN C=C+l

5zbu NEXT X

5250 DDTX(O0,Y+L,I)=C+l
5260 IF B=C THEN DDTX(0,Y,I)=0
5270 NEXT Y

-5280 C=C+l |
|
|

LS - s )
5330 LOCATE 6,26 :- PRINT"WHAT WOULD YOU LIKE 77:L

OCATE 8

5340 LOCATE ,20 : PRINT “l. SCREEN PRINTOUT OF
CALENDAR 1"

5350 LOCATE ,20 : PRINT "2. HARDCOPY PRINTOUT
OF CALENDAR?" ~

5360 LOCATE ,20 : PRINT "3. CREATION OF A WORK
DAY CALENDAR FILE?" .

5370 A$=INKEY$:IF A§="1" GOTO 5390 ‘ELSE IP A§="2"
GOTO 5810 ELSE IF A§ = 3" GOTO 6260 ELSE GOTO 5370




5380 STOP

5390 REM PIOGIM Pol CALENDAR PRINTOUT ON SClllN
5400 FOR T0
5410 al:talife-l1:7mn6
5420 CLS

5430 PRINT ~

5450 rox l-l TO 67 STEP 12
5460 PRINT Hlmﬂ’(l),
5470 PRINT MNAME

5480 PRINT
5490 PRINT * L SUN MON TUE WED THU FRI
AT i SUN MON TUE WED THU FRI SAT"
5500 PRINT

5510 E=E+12:F=F+12

5520 FOR Y=E TO F

5530 FOR X=1 TO 7 .

5540 B=Y

5550 IF X=1 THEN GOSIII 5710

5560 IF DDTZ(X,Y,1)=0 THEN PRINT "  ";:GOTO 5580 °

5570 PRINT USING "####°;DDTX(X,Y,I
5580 NEXT X

5590 FOR X=1 TO 7

5600 B=Y+6 .

5610 IF X=1 THEN GOSUB 5710

5620  IF DDTX(X,Y+6,1)=0 THEN PRINT =
5630 PRINT USING “####";DDTI(X,¥+6,1);
5640 NEXT X

5650 PRINT = °;

5660 NEXT Y N

5670 Z = CSRLIN : IF Z >= 18 THEN LOCATE 23,20

$C

s

PRINT “PRESS ENTER KEY TO CONTINUE OR E TO EXIT"

: GOTO 5760

5680 NEXT K

5690 NEXT I

5700 GOTO 5780

5710 IF DDTX(0,B,I)=0 THEN PRINT "
TO 5750

5720 PRINT ~ | et 3
5730 PRINT USING 'lll" ;DDTX(0,B,1
5740 PRINT ")";

5750 RETURN

5760 AS$=INKEY$:IF AQ-".! OR A$="e"GOTO 5780 ELSE IF

A$=CHR§(13) GOTO 5770 ELSE 5760
5770 CLS : GOTO 5680 .
5780 GOTO 5320

5790 l!

5800

5810 l!H PROGRAM ROR HARDCOPY CALENDAR PRINTOUT
5820 1§ = PROJECT
CALENDAR "

5830 FOR I=1 TO N



5840 X=l:Y=l:E=-11:F=-6
5850 LPRINT T§
5860 LPRINT:LPRINT
5870 LERINT *

"3 SYR-1+41
5880 FOR l-l TO 67 STEP 12 . " »
5890 LPRINT “HNAMES(K);
5900 LPRINT “MNAMES / 3
(K+6) iz
5910 LPRINT
5920 LPRINT " ‘ SUN MON TUE WED THU FRI
SAT i SUN MON TUE WED THU lll SAT
5930 LPRINT
5940 E=E+12:F=F+12 - . |

5950 FOR Y= TO F

5960 FOR X=1 TO 7

5970 B=Y

5980 IF X=1 THEN GOSUB 6170

5990 IF DDTX(X,Y,1)=0 THEN LERINT "  ";:GOTO 6010
6000 LPRINT usmc “#4#4";DDTA(X,Y, 1),

6010 NEXT X X . l

6020 FOR X=1 TO 7 L

6030 B=Y+6 2 3 ¥

6040 IF X=1 THEN GOSUB 6170 3 |

6050 IF DDTX(X,Y+6,1)=0 THEN LPRINT 7
0

. 6060 LER!NT USING "04497;DDTX(X ¥ +6¥1); . 6
6070 NEXT
6080 l.nnu = w3 .
6090 NEXT:Y .
6100 NEXT K
6110 LPRINT y .
6120 LPRINT .
6130 LPRINT
6140, LPRINT -
6150 NEXT I .
6160 GOTO 6220

6170 IF DDTX(0,B,1)=0 THEN LPRINT * ]
GOTO 6210
6180 LPRINT " =%

(
6190 LPRINT USING "”' ;DDTX(0
6200 LPRINT ")";
6210 RETURN
6220 GOTO 5320
6230 REM = s ;

REM
6250 REM PROGRAM TO CREATE RARDOM PILE
CLS

6270 z=1:W=2
v 6280° LOCATE 10
6290 CLS : LOCATE 10,29 =
6300 PRINT "CREATING FILE 'ON DISC" < 2
6310 CALFL§ = "A:" + LA$ + ".CFL"
Y] 6320 OPEN CALFLS AS #3 LEN = 4




6330 FIELD #3,2 AS MD$, 2 AS YRS

6340 C = O
6350 FOR I = 1 TO N -
6360 B = 1 : J = 0
6370 FOR Y = 1 72

TO
6380 IF Y =B THEN B = B + 6 : J = J + 100
6390 FOR X.= 1 TO 7
6400 IF DDTX(X,¥,I) <> 0 THEK GOSUB 6480:60T0 6430
6410 IF C=0 THEN 643
6420 IF C>0 THEN GOSUI 6670
6430 KEXT X
6440 NEXT Y
6450 RESTORE
6460 NEXT I°
6470 GOTO,6550
6480 C = C + 1
6490 IF X=W THEN GOSUB 6710
6500 IF X=6 THEN GOSUB 6740
6510 RSET MD$ = MKIS(DDTI(X,Y,I) + J): nrs-srns(cv
1(MD$))

: 6520 RSET YR$ = MKI§(SYR + I - l) Yl-CVl(YIS)

6530 PUT #3,C
6540 RETURN

6580 FOR X=1 TO Z
6590 NEXT X .

6600 H$="0P9"~ : 3

6610 OPEN HS FOR OUTPUT AS #9
6620 WRITE #9,2

6630 FOR S=1 TO Z

6640 WRITE #9,A(S):NEXT §

- 6650 CLOSE #9

6660 RETURN

6670 IF X= 2 THEN W=H+1:GOSUB 6800
6680 IF X = 6 THEN GOSUB 6760 ELSE 6690
6690 IF W = 3 AND X=7 THEN W=2

6700 RETURN

6710 IF AND W=3 THEN 6730

6720 A(Z)=C:Z=Z+l:W=2

6730 RETURN

6740 A(Z)=C:z=2z+1

6750 RETURN

6760 IF VAL(DT$)=630 OR 731 THEN 6790
6770 A(Z)=C-1

6780 Z=z+l

6790 RETURN

6800 IF VAL(D‘IS)-“O OR 731 ﬂllll 6820 ELSI 6810

6830 PRINT "HAVE YOU CORRECTED DATA STATEMENTS SULT
ABLY ? (NOTE: IF LOGIC CHANGEAND/OR IMPACT CHANGE I
S ENVISAGED,THE NEW TACTICAL PLAN HUST BE MADE)"




6840 LINE INPUT. ;DA§
6850 IF DA§="YES" THEN 6870 .
6860 PRINT "THE PROGRAM IS TERMINATED.PLEASE CALL F
OR DATA STATEMENTS 2850-2950 AND CORRECT THEM .7:END
6870 PRINT "INDICATE PROJECT DAY CORRESPONDING TO T
HE START DAY OF THE CURRENT TACTICAL PLAN PERIOD" - =
6880 INPUT ;ST .
. 6890 PRINT "INDICATE TOTAL NO.OF NEW ACTIVITIES™®
6900 INPUT ;NN
6910 PRINT "INDICATE NEW ACTIVITY NO.OKE BY ONE"
6920 FOR X=1 TO KN
6930 PRINT “ACTIVITY NUMBER™:INPUT ;NA(X)
6940 NEXT X
6950 RETURN
6960 SCREEN 2
l6970 cuEAR
16980 cLs
16990 M§="0P1"
7000 DIM V(50), u(50) TS(50),DV(50),F(50),T(50),B5(50);
€(50),A(50),ACT(50) .
7010 OPEN M§ FOR INPUT As lz i, v oA 5
7020 INPUT #2,DN,N,NN,S
7030 FOR X=1 TO NeINPUT lz JE(X),T(X),B$(X), c(x)
7040 NEXT X:CLOSE #2:CLS
7050 I=1 o
‘7060 PRINT :PRINT "HOW MANY ACTIVITIES ARE EXPECTED TO
HAVE L.C.IMPACT 2"
7070 PRINT :INPUT ;LC ' 1
7080 FOR X=1 TO LC :PRINT
7090 PRINT "INDICATE ACTIVITY NUMBER " . $
7100 PRINT :INPUT ;ACT(X) . .
7110 NEXT X:CLS

7120 x=1' :
7130 PRINT "ACTY ACTY EST. B voL
«OF UNIT TIME FOR EXPECT. . i
7140 PRINT “NO. DESCRIPTION DUR " WOR

3 K QTY FIRST UN. D.C VAR. ”

" 7150 LINE (45,1)-(45,199)
7160 LINE (190,1)=(190,199):LINE(240,1)~(240,799):LINE
300,1)-(300,199)
7170 LINE(370,1)-(370,199): LINE(440,1)~ <hto 199):LINE (
520,1)-(520,199):LINE (590,1)-(590,199)
71!0 FOR L=20 TO 199 STEP 16 "
7190 LINE (1,L)=(590,L) . .
7200 NEXT L “
7210 FOR Q=4 TO 22 STEP 2 . ¢
7220 LOCATE Q,2:PRINT ACT(X):LOCATE Q,8:PRINT ls(ACT(X)
):LOCATE Q,25: PRINT C(ACT(X))
7230 LOCATE Q,41:INPUT ;V(ACT(X)):LOCATE Q,49:INPUT;U(A
CT(X)):LOCATE Q,57:INPUT;TS(ACT(X)):LOCATE Q,67: INPUT D |
vacT(n) ol
7240 X=X+1:IF X = LC+l THEN GOTO 7270 " 5
7250 NEXT Q:CLS
7260 IF XDLC+l THEN GOTO 7270 ELSE GOTO 7”0
)




* 7370 INPUT WI

7270 cLS

7280° M$="0P2":0PEN M$ FOR OUTPUT AS #3:WRITE #3,LC:FOR
X=1 TO LC:WRITE #3,ACT(X):NEXT X-

7290 FOR X=1 TO N

7300 WRITE #3,V(X),U(X),TS(X),DV(X)

7310 NEXT X

7320 CLOSE #3

7330 CLEAR

7340 DIM T(50),F(50),C(50),F$(100), nu(lao),rl(so),rz(so
),T3(50),T4(50),ACT(100),B5(50)

7350 SCREEN 2

7360 PRINT "HOW MANY TACTICAL PLAN ACTIVITIES ARE AFFEC
TED BY’WEATHER CONDITIONS® e
7380 PRINT "ENTER ACTIVITY NOS.THAT ARE LIKELY TO BE AP
PECTED ‘BY WEATHER"
7390 FOR X=1 TO WI
7400 INPUT "ACTIVITY NUMBER "HACT(X) 1 PRINT

7410 NEXT X

7420 X=1 ' - & #

7430 CLS.

7440 REM TO CALCULATE TBHIHPACT OF THE WEATHER

7450 PRINT "ACH ACT T E M P IN DEG.F

7460 PRIH‘f 'NO- D!SCIIPTION %
10 >5*° .

7470 PRINT * 2 i <5 as
>25 CH HN " 3

7480 LINE (45,1)=(45,199):LINE (175,1)-(175,199)

7490 LINE (195,1)-(195,199):LINE(240,10)-(240,199):LINE
(290,10)-(290,199):LINE (340,10)-(340,199)

7500 LINE(390,1)-(390,199):LINE(435,1)-(435,199):LINE(4

82,1)-(482,199):LINE (540,1)-(540,199):LINE (590,1)-(59

7510 FOR L36 TO 199 STEP 16
7520 LINE (1,L)-(590,L)
7530 NEXT L
7540- FOR Q=6 TO 22 STEP 2
7550 LOCATE Q,2:PRINT X:LOCATE Q,7:PRINT B§(X) -
7560 LOCATE Q,26:INPUT ;T1(ACT(X)):LOCATE Q,32:INPUT ;T
2(ACT(X)):LOCATE Q,38:INPUT ;T3(ACT(X)):LOCATE Q,44:INP
ur 14(Acr(x)) LOCATE. Q, S€MINPUT T(ACT(X)):LOCATE Q631
C(ACT(X
7s7q X=X+1:IF X > WI THEN 7610
7580 NEXT Q "
7590 IF X DWI THEN 7610 ELSE 7600 <
7600 CLS:GOTO 7440
7610 CLS
7620 H§="OP5"
7630 OPEN H$ FPOR OUTPUT AS #7
7640 WRITE #7,WI:FOR X=1 TO' WI:WRITE #7,ACT(X):NEXT X
7650 FOR X= 1 TO WI:WRITE #7,TL(ACT(X)),T2(ACT(X)),T3(A
CT(X)),T4(ACT(X)), r(ncr(x)) S(ACT(X))
© 7660 NEX§ X




136-

7670 CLOSE #7

7680 GLEAR:DIM SP(20),SSP(20),ACT(50), zn(50) SPR(50)
7690 PRINT "INDICATE TOTAL NUMBER OF ZONES OF THE PROJE
CT THAT ARE LIKELY TO HAVE SPACE cunsmunr."

7700 INPUT ;Z:CLS

7710 PRINT * ZONE NUMBER . SPACE AV
AILABLE * P

7720 Q=5:PRINT

7730 FOR X=1 TO

7740 LOCATE Q, zu PRINT X:LOCATE Q,40:INPUT ‘sv(x)

7750 SSP(X)=SP(X)

7760 Q=Q+2:1F Q=23 THEN CLS:GOSUB 7950 1

7770 NEXT X )

7780 PRINT "INDICATE TOTAL NUMBER OF TACTICAL PLAN ACTI
VITIES THAT ARE, LIKELY TO BE AFFECTED BY SPACE
CONGESTION" 2

7790 INPUT SC:CLS

7800 PRINT "ENTER ACTIVITY NUMBERS THAT ARE LI

KELY TO BE AFFECTED BY sucx CONGESTION"

7810 PRINT " SN ACTIVITY NO.
ZONE NUMBER SPACK REQD."
7820 Q=5:PRINT E g

7830 FOR X=1 TO SC

7840 LOCATE Q,10:PRINT X:LOCATE Q,20:INPUT ACT
(x) LOCATE Q,42:INPUT ZN(ACT(X)):LOCATE Q,55:1
SPR(ACT(X))

7550 Q=Q+2: IF q-z: THEN CLS:Q=5:G0SUB 7980

7860 NEXT X:CL -
7870 ns-"orlz' g ‘

7880 OPEN H§ FOR OUTPUT As 412

7890 WRITE #12,2, sc

7900 FOR X=1 TO

7910 WRITE 712, sr(x) NEXT X

7920 FOR X=1 TO

7930 WRITE #12 ACT(X) ZN(ACT(X)), SPK(ACT(K)) N

a5

7940 CLOSE #12:G0TO 010
7950 IF X=Z THEN CLS:RETURN

7960 PRINT " ZONE NUMBER

SPACE AVAILABLE "

7970 RETURN

7980 IF X=SC THEN CLS:RETURN

7990 PRINT "S.NO  ACTIVITY No. ZONE NUM
BER SPACE REQD." -

8000 RETURN

8010 CLS:CLEAR .

8020 DIM AB(50,4),ABI(50, 4) F(100),7(100),B$( ¥

.100),c(100),405(12),A(200), HO(IOD) EM(100),F$

(100),ACT(50) ,MPR(50)

8030 SCREEN 2

8040 M$="0P1":0PEN M§ FOR INPUT AS #2:INPUT #
2,DN,N,NKN,ST,EN:FOR X=1 TO R:INPUT #2,F(X),T(
X),B§(X),C(X):NEXT X:CLOSE #2

8050 GOSUB 8780




8060 CLS

8070 REM CREW ABSENTEEISM AND THEIR. IMPACT

. 8080 PRINT " MONTH ' MIDHEEK
DAYS WEEK .BEGINNING/END DAYS" %
8090 PRINT

8100 PRINT " FROM

B 13,48:

FROM d "
8110 LINE (10,1)-(10,199):LINE(150,1)-(150,19
9):LINE(250,1)-(250,199)

8120 LINE (325,1)-(325,199):LINE(450,10)=(450
,199):LINE(550,1)-(550,199) '
8130 PRINT

8140 LOCATE 5,10:PRINT "JAN":LOCATE 5,25:INPU’
T AB(1,1):LOCATE 5,35:INPUT AB(1,2):LOCATE 5,
48:INPUT AB(1,3):LOCATE 5,60: INPUT AB(L,4)
8150 LOCATE 7,10:PRINT "FEB ":LOCATE 7,25:INP
UT AB(2,1):LOCATE 7,35:INPUT ABL2,2):LOCATE 7
,48INPUT AB(2,3):LOCATE 7,6
8160 LOCATE 9,10:PRINT "MAR
UT AB(3,1):LOCATE 9,35: INPUT AB(3,2):LOCATE 9
,48: INPUT AB(3,3):LOCATE 9,60:INPUT AB(3,4)
8170 LOCATE 11,10:FRINT "APR ":LOCATE 11,25:1
NPUT AB(4,1):LOCATE 11,35:INPUT AB(4,2):LOCAT
E 11,48:INPUT AB(4,3):LOCATE 11,60:INPUT AB(4

La%)
8180 LOCATE 13,10:PRINT "MAY ":LOCATE 13,25:1

NPUT AB(5,1):LOCATE 13,35: INPUT AB(5,2):LOCAT
NPUT AB(5,3):LOCATE 13,60:INPUT AB(5

24)
© 8190 LOCATE 15,10:PRINT "JUN ":LOCATE 15,25:1

NPUT AB(6,1):LOCATE 15,35:INPUT AB(6,2):LOCAT
E 15,48:INPUT AB(6,3):LOCATE 15,60:INPUT AB(6

8200 LOCATE 17,10:PRINT "JUL ":LOCATE 17,25:1
NPUT AB(7,1):LOCATE 17,35:INPUT AB(7,2):LOCAT
E 17, bB INPUT AB(7,3): LDCATE 17,60: INPUT AB(7

4)
8210 LOCATE 19,10:PRINT "AUG ":LOCATE 19,25:1

*NPUT AB(8,1): LOCATB 19,35: INPUT AB(8,2): I.BCAT

E 19,48: INPUT AB(8,3):LOCATE 19,60:INPUT AB(B

,4) 5
8220 LOCATE 21,10:PRINT "SEP ":LOCATE 21,25:INPUT

"AB(9,1):LOCATE 21,35:INPUT AB(9,2): LOCATE 21,48: INPUT

AB(9,3):LOCATE 21,60:INPUT AB(9,4)
L INPUT -AB(1

8230 LOCATE 23, 10'PR1NT "0CT ":LOCATE 23,2
1):LOCATE 13.35 INPUT AB(10,2):LOCATE 23,48:1“?\!1‘ AB
(10,3):LOCATE 33,60: INPUT AB(10,4) - ot

8240 PRINT :PRINT :PRINT:PRINT )

8250 LINE (10,150)-(10,199):LINE(150,150)-(150,199):LI
NE(250,150)-(250,199)

8260 LINE (325,150)-(325,199):LINE(450,150)-(450,199):

LINE(550,150)-(550,199)

8270 LOCATE 2I',10:PRINT "NOV ":LOCATE 21,25:INPUT AB(1
1,1):LOCATE Zl,SS:IHPUT AB(11,2):LOCATE 21,48:INPUT AB



138 &

(11,3):LOCATE 21,60:INPUT ABL11,4)

8280 LOCATE 23,10:PRINT "DEC -:LOCATE 23, zs INPUT AB(1
2,1):LOCATE 23,35:INPUT AB(12,2):LOCATE 23,48:INPUT AB
(12,3):LOCATE 23,60: INPUT AB(12,4)

8290 CLS

8300 PRINT "HOW MANY TACTICAL PLAN ACTIVITIES ARE AFFE
CTED BY ABSENTEEISH™

8310 INPUT CA

8320 PRINT "ENTER ACTIVITY NUMBERS THAT ARE LIKELY TO BE
AFFECTED BY CREW Ans:ur:zxsn'

8330 FOR X=1 TO

8340 xnrur ACTIVITY NUMBER ";ACT(X):PRINT

8350 N .
8360 CLS
8370 REM-TMPACT OF ABSENTEEISM
8380 PRINT "ACTIVITY DESCRIPTION IMPACT
IN TERMS OF WORKDAY, LOSS™
8390 PRINT "NO: DESCRIPTION ONE CREW
ABSENT TWO CREW ABSENT
' 8400 PRINT " FROM
TO FROM TO0 "

8410 LINE (1,25)-(600,25) -
8420 LINE (70,1)-(70,190):LINE(275,1)-(275,190)
8430 LINE(350,20)-(350,190): LINE(435,10)~(435,190):LINE(S
25,20)-(535,190) LINE(600,1)~(600,190)
8440 Q=5:G0TO 8450
8450 FOR X= 1'TO CA
8460 LOCATE Q,5:PRINT ACT(X):LOCATE Q,10:PRINT B$(ACT(X))
:LOCATE Q,37:INPUT ABI(ACT(X),1)
8470 LOCATE Q,45:INPUT ABI(ACT(X);2):LOCATE Q,56: INPUT AB
1(Ac:(x) 3):LOCATE Q,67:INPUT ABL(ACT(X),4)
Q=Q+2
nA9o IF Q = 23 THEN CLS:Q=5:GOSUB 8520
8500 NEXT X:CLS
8510 GOTO 8600
8520 IF X = CA THEN RETURN

8530 PRINT "ACTIVITY  ACTIVITY T IMPACT
IN TERMS OF WORKDAY LOSS"
8540 PRINT “NO. DESCRIPTION ONE CREW
ABSENT THO CREW ABSENT
8550 PRINT 2 ® FROM

TO ROM TO"

8560 LINE (1,25)-(600,25) N

8570 LINE (70,1)-(70,190):LINE(275,1)- (275 190) ¥

8580 LIHB(JSO 20)-(350,190): LINE(435,10)=(435,190):LINE(S

25,20)-(525, I90)H.ll|l(600 1)-(600,190)

8590 RETURN

8600 MO$(6)="JUNE":MO$(7)="JULY":HO§(8)="AUGUST" :HO$(9)="

SEPT":H0§(10)="0CT":HO§(11)="NOV":MO§(12)="DEC"

8610 PRINT *INDICATE MANPOWER POSITION FOR THE TACTICAL P

LAN PERIOD"

8620 YE=MO(1)

8630 FOR MP=YE TO YE+

8640 PRINT "MANPOWER l:ouzuzn:ur FOR THE MONTH OF ~; MOS$
II




"

(MP):
8650
8660
8670°
8680
. 8690
8700
8710
8720
8730
8740

INPUT EM(MP)
NEXT MP

H§="0P11"

OPEN H§ FOR OUTPUT As f1
FOR X=1"TO 12:FOR ¥=1 TO 4

WRITE #11,AB(X,Y):NEXT Y:NEXT X

WRITE #11,CA,DN,N,YE
FOR X=YE TO YE+4

RITE #11,EH(X):NEXT X

FOR X=1 TO DN:WRITE #11, Kﬂ(l) NEXT X

FOR X

WRITE #11,ACT(X),ABI(ACT(X),1),ABI(ACT(X),2),ABI(ACT

{X),3),ABI(ACT(X),4)

8750

8880
8890
8900
8910
8920
8930
8940
8950
8960
8970

9010
020

NEXT
CLOSE #11
GOTO 8990

LINE INPUT "PROJECT™;LAS
CALFL§="A:"+LA§+" .CFL"
OPEN CALFL§ AS 1 LEN=4
FOR'X = 1 TO DN

C = X+ST-1

GOSUB 8850:NEXT X:CLOSE #1
RETURN

z =1

FIELD 2,2 AS MD§, 2 AS YRS
GET Z,C

DT§=STRS (CYL(MDS))

M = INT (cvx(nus)/xoO)
D$=RIGHT$(DTS,2)
YR=CVI(YRS)

P$ = D§

Q$ =STR$(YR)

K$= RIGHTS$(QS,2)

J§ = STRS(M):MO(X)=VAL(JS$)
DTE$ = P§+"/"+I§+7/"+K$

DIM ACTR(100),RE(50,4
PRINT "INDICATE TOTAL KUM

ENPUT RER

PRINT "1.ENTER ACTIVITY NUMBERS THAT ARE LIKELY TO H

AVE THE IMPACT OF REG.REQIREHMENT"

‘9030

PRINT "2.INDICATE THE RANGE OF EXPECTED WORKDAY LOSS

ON EACH DAY ON SUCH ACTIVITIES"

9040 PRINT "3.ALSO INRICATE RANGE OF TOTAL WORKDAY LOSS E

XPECTED AT THE END OF SUCH ACTIVITIES"

9050 FOR X=1 TO 4000:J=0:NEXT X:CLS

9060

PRINT "S.NO ACT NO.

WORKDAY LOSS"

9070
080
9090

PRINT *
AT END OF ACTY"
PRINT "
FROM TO "
Q=5

ER OF ACTIVITIES THAT ARE
LIKELY TO HAVE THE IMPACT OF REG.REQUIREMENT"

EXPECTED

. DAILY BASIS

FROM

T0




9100 FOR X=1 TO RER

9110 LOCATE Q,1:PRINT X:LOCATE Q,10:INPUT ACTR(X):LOCAT
E Q,30:INPUT RE(ACTR(X),1):LOCATE Q,40:INPUT RE(ACTR(X)
,2)LOCATE G,55: INPUT RE(ACTR(X),3):LOCATE Q,65:INBUT R
E(ACTR(X),4)

9120 Q=Q+2:IF Q=23 THEN CLS:Q=5:GOSUB 9210

9130 NEXT X:CLS

9140 M§="0P13"

9150 OPEN H$ FOR OUTPUT As #13

9160 WRITE #13,RER

9170 FOR X=1 TO RER

9180 WRITE #13,ACTR(X),RE(ACTR(X),1),RE(ACTR(X),2),RE(A
CTR(X),3),RE(ACTR(X) ,4)

9190 NEXT X

9200 CLOSE #13:G0TO 9260

9210 IF X=RER THEN CLS:RETURN *

9220 PRINT "S.NO ACT NO. EXPETED W

ORKDAY LOSS" .

9230 PRINT " B DAILY BASIS
AT END OF ACTY"

9240 PRINT " FROM  TO
FROM TO." B

9250 RETURN

9260 DIM BC(SD 4),ACTU(50):CLS

9270 PRINT "INDICATE TOTAL NUMBER OF ACTIVITIES THAT AR
E LIKELY TO HAVE THE IMPACT OF DES.CHANGES AND REWORK"
9280 INPUT DC

9290 PRINT "1.ENTER ACTIVITY NUMBERS THAT ARE LIKELY TO
HAVE THE IMPACT OF DES.CHANGES AND REWORK"

9300 PRINT "2.INDICA’ THE RANGE OF EXPECTED WORKDAY LO
SS ON EACH DAY ON SUCH ACTIVITIES™

© 9310 PRINT "3.ALSO INDICATE RANGE OF TOTAL WORKDAY LOSS

EXPECTED, AT THE END OF SUCH ACTIVITIES
9320 FOR X=1 TO 4000:J=0:NEXT X:CLS

9330 PRINT “S.NO ACT NO. EXPECTED

WORKDAY LOSS™ 3

9340 PRINT " o DAILY BASIS
AT END OF ACTY"

9350 PRINT." FROM  TO
FROM 'TO " &

9360 Q=5 4

9370 FOR X=1 TO DC

9380 LOCATE Q,1:PRINT X:LOCATE Q,10:INPUT ACTU(X):LOCAT
E Q,30:INPUT DC(ACTU(X),1):LOCATE Q,35:INPUT DC(ACTU(X)
,2):LOCATE Q,45: INPUT DC(ACTU(X) 3):LOCATE Q,55:INPUT D
C(ACTU(X) 4)

Q=Q+2:IF Q=23 THEN CLS:Q=5: GOSUB 9480 -
9400 NEXT X:CLS | P "
9410 M$="0P13"

9420 OPEN M$ FOR APPEND AS #13

9430 WRITE #13,D

9440 FOR X=1 TO DC

9450 WRITE #13,ACTU(X),DC(ACTU(X),1), DC(ACTU(X) 2),DC(A _
CTU(X),3),DC(ACTU(X) 4

3




9460 NEXT X

79470 CLOSE #13:60T0 9530

9480 IF X=DC THEN CLS:RETURN . .
9490 'PRINT "S.NO ACT NO. A EXPECTED

WORKDAY LOSS"

9500 PRINT " DAILY BASIS
AT END OF ACTY"

9510 PRINT FROM, TO
FROM TO " ’ ) | :

9520 RETURN ) %

9530 REM IMPACT DUE TO LABOR UNREST |
, 9540 DIM LU(50),ACTL(50),PROD(50)

9550 INPUT “HOW MANY TOTAL DAYS OF LABOR UNREST IS EXPE
CTED ?";LU

,9560 FOR X=1 TO LU

“9570 PRINT ‘mnlcus PROJECT WORKDAY NUMBER OF EXPECTED
i LABOR UNREST DA
£ 9580 INPU’[/ LU(X): Lu(x)-Lu(X) ST+1

9590 NEXT
£ 9600 REM vmnucuv:n LOSS EXPECTED DURING LABOR UNREST

DAY

9610 PRINT "INDICATE TOTAL NUMBER OF ACTIVITIES THAT AR
E LIKELY TO BE AFFECTED BY LABOR UNREST"

9620. INPUT ALU

9630 PRINT "INDICATE ACTIVITY NUMBERS AND EXPECTED PROD
UCTIVITY LOSS"
19640 CLS o

9650 PRINT "S.NO ACT NO. . EXPECTED P
ROD.LOSS", ’.
19660° Q=5 : . . .

9670 FOR X=1 TO ALU

9680 LOCATE Q,10:PRINT X:LOCATE Q,25:INPUT ACTL(X): LocA
TE Q,40:INPUT PROD(ACTL(X)) .
9690..Q=Q+2:IF 'Q=23 THEN CLS:Q=5:GOSUB 9950

9700 NEXT X:CLS

9710 M§="0P14" Y

9720 OPEN M$ FOR OUTRUT AS #14 -

9730 WRITE #14,LU,ALU :

9740 FOR X=1 TO LU:WRITE #14,LU(X):NEXT

9750 FOR %=1 TO ALU:WRITE 14, ACTL(X) , PROB(ACTL(X)) NEX
T X

9760 CLOSE #14 .

9770 DIM SPE(40,2),SPE$(40),SPEC(40):PRINT "INDICATE HO
W MANY ACTIVITIES ARE LIKELY TO HAVE SPECIFIC SIGNIFICA
NT UNCERTAINTIES IN ADDITION TO THOSE LISTED EARLIER"
9780 INPUT SPE

9790 PRINT "INDICATE ACTIVITY NUMBERS ONE BY ONE .
9800 FOR X=1 TO SPE:PRINT "ACTIVITY NUMBER":INPUT;SPEC(

9810 NEXT X & . .
9820 PRINT "GIVE RANGE OF EXPECTED DELAY AND DESCRIPTIO
N OF EACH UNCERTAINTY" " <
9830 FOR X=1 TO SPE

9840 PRINT “DESCRIPTION OF UNCERTAINTY VARIABLE FOR ACT




o 142 ¢

Y™ ;SPEC(X

9850 LINE INPUT ;SPE$(SPEC(X))

9860 PRINT "GIVE RANGE OF EXPECTED DELAY (ruou 10)"
9870 INPUT SPE(SPEC(X),1),SPE(SPEC(X),2)

9880 NEXT X

9890 M$="0P6"

9900 OPEN M$ FOR OUTPUT AS #4

9910 WRITE #4,SPE

9920 FOR X=1 TO SPE:WRITE #4 »SPEC(X), sus(snc(x)) SPE (
SPEC(X),1),SPE(SPEC(X),2) ~3
9930 NEXT X:CLOSE #4

9940 PRINT "LOAD FILE ITE.BAS":END

9950 IF X=ALU THEN CLS:RETURN

9960 PRINT " s.NO ACT NO. EXPECTED PROD LO
s~

9970 RETURN

9980 PRINT "IS THERE ANY ADDITIONAL ACTIVITIES CONSIDER,
ED (YES/NO)?"

9990 LINE INPUT ADDS

10000 IF ADD$="YES" THEN 10020

10010 GoTo 13190

10020 PRINT "IS THERE ANY IMPACT OF L.C. ON THE DURATIO
N OF NEW ACTIVITIES (YES/NO) 7"

10030 LINE INPUT ;ARS

10040 IF AR§="YES" THEN 10050 ELSE 10320

10050 DIM ACT(50),V(100),U{100),TS(100),DV(100):Hs="0P2

10060 OPEN M$ FOR INPUT AS #3

10070 INPUT 03, LC ron X=1 TO LC:INPUT #3,ACT(X):NEXT X
10080 FOR X
10090 INPUT n V(x) u(x) TS(X),DV(X)

10100 NEXT

10110 CLOSE IJ

10120 PRINT “HOW MANY OUT OF NEW ACTIVITIES ARE LIKELY.
TO HAVE IMPACT OF L.C.?"

10130 INPUT ;LCC
10140 PRINT “INDICATE ONE BY ONE ACTIVITY NO.WHICH ARE
LIKELY TO HAVE L.C.IMPACT -

10150 FOR X= LC+1'TO LC+LCC

10160 INPUT "ACTIVITY NO7;ACT(X)

10170 NEXT X

10180 PRINT "INDICATE SEQUENTIALLY (SEPARATED BY COMMAS
) THE'FOLLOWING DETAILS:VOL OF WORK,UNIT QUANTITY,TIME
FOR FIRST UNIT,EXPECTED VARLATION IN D.C"

10190 FOR X=LCHL T0 LC+LCC

10200 INPUT "ACTIVITY NO;ACT(X)";V(ACT(X)),U(ACT(X)),TS
(ACT(X)),DV(ACT (X))

10210 NEXT X

10220 LC=LC+LCC

10230 M§="0P2"

10240 OPEN M$ FOR OUTPUT AS #3

10250 WRITE #3, v.c

10260 FOR X=1 TO

. 10270 WRITE ¢3, ACT(X) NEXT X «




10280 FOR X=1 TO N

10290 nnz #3,V(X),0(X),TS(X),DV(X)

10300 NEXT

10310 CLOSE n

10320 CLEAR:DIN T1(100),T2(100),T3(100),T4(100),7(100),
*1(100),€(100),ACT (100)

10330 PRINT -IS THERE ANY IMPACT OF WEATHER ON THE DURA
TION OF NEW ACTIVITIES (YES/NO) ?°

10340 LINE INPUT ;ARS

10350 IF ARS="YES™ THEN 10360 ELSE 10730

10360 H$="OP5"

10370 OPEN H$ FOR INPUT AS-#7

10380 INPUT #7,WL:POR X=1 TO WI:INPUT #7,ACT(X):NEXT X
10390 FOR X= 1 TO WI:INPUT #7,TI(ACT(X)),T2(ACT(X)),T3(
ACT(X)),T4(ACT(X)),F(ACT(X)),T(ACT(X)),C(ACT(X))

10400 NEXT X

10410 CLOSE #7

10420 PRINT "HOW MANY OUT OF NEW ACTIVITIES ARE ‘AFFECTE
D BY WEATHER CONDITIONS™

10430 INPUT ;WII

10440 PRINT "ENTER ACTIVITY NUMBERS THAT ARE LIKELY TO
BE AFFECTED BY WEATHER CONDITIONS"

10450 FOR X=HWI+l TO WI4+WII

10460 INPUT "ACTIVITY NUMBER™;ACT(X) S
10470 NEXT X

10480 X=-WI+1

10490 REM TO CALCULATE THE IMPACT OF THE WEATHER

10500 PRINT “ACTY ACTY T E'M P IN DEG.
c SNOW  RAL = 2
10510 PRINT “NO.  DESCRIPTION .
. 210 > ¢
10520 PRINT ~ <o <10 <15
>20 CH MM "

10530 LINE (45,1)-(45,199):LINE (175,1)-(175,199)

10540 LINE (195,1)-(195,199): LINE(240,10)~(240, 199) LIN
E (290,10)-(290,199):LINE (340,10)-(340,199)

10550 LINE(390,1)-(390,199):LINE(435,1)=(435,199):LINE(
482,1)-(482,199) s LIKE (540,1)=(540,199):LINE (590,1)=(5
90,199)

10560 FOR L=36 TO 199 STEP 16

10570 LINE (1,L)-(590,L)

10580 NEXT L

10590 FOR Q=6 TO 24 STEP 2

10600 LOCATE Q,2:PRINT X:LOCATE Q,7:PRINT B$(X)

10610 LOCATE Q,26:INPUT ;TL(ACT(X)):LOCATE Q,32:INPUT ;
T2(ACT(X)):LOCATE Q,38: INPUT ;T3(ACT(X)):LOCATE Q,44:IN
PUTS T4(ACT (X)):LOCATE Q,50:LOCATE Q, 56:INPUT TCACT(X)):,
LOCATE Q,63:INPUT ;C(ACT(X))

10620 x-xﬂ IF X >WIHWII THEN 10660

10630 NEXT Q

10640 m.s:cn-ro 10490

10650 CLS

10660 WISWI+WII

10670 H§="OPS5"




10680 OPEN H$ FOR OUTPUT.AS 17
10690 WRITE #7,WI:FOR X=1 TO WI:WRITE #7,ACT(X):NEXT X
10700 FOR X= 1 TO WI:WRITE #7,TH(ACT(X)),T2(ACT(X)),T3(
ACT(X)), TA(ACT(K)) FCACT(X)),T(ACT(X)) ,C(ACT(X)) E
10710 NE: =
10720 CLOS! ” .
-+ 10730, PRINT "IS THERE ANY IMPACT OF SPACE CONGESTION ON
. THE DURATION OF NEW ACTIVITIES (YES/NO) 1~
710740 LINE INPUT ;ARS
1075Q_IF AR$="YES™ THEN 10760 ELSE 11180
10760 XLEAR:DIM SP(25),ACTS(25),ZN(100), SPl(IOO) SSP(10
0) :M$="0P12"
10770 OPEN N5 FOR INPUT AS #12 v
10780 INPUT 112 z,sc
10790 FOR X=1 g
{0800" 1NPUT # sr(x) NEXT X o .
10810 FOR X=1 TO SC
10820 INPUT nz ACTS(X),ZR (ACTS(X)),SPR(ACTS(X)):NEXT X
10830 CLOSE 1
10840 PRINT mnmrs ANY_ADDITIONAL zonu:s EXPECTED TO
HAVE SPACE CONSTRAINT™
10850 INPUT 20
10860 PRINT * ZONE NUMBER SPACE A
VALLABLE
10870 Q=5:PRINT
10880 FOR X=2+1 TO Z+Z0
10890 LOCATE Q,20:PRINT X:LOCATE Q,40:INPUT ;SP(X)
10900 SSP(X)=SP(X)
10910 Q=Q+2:1F Q=23 THEN CLS:COSUB 11120
10920 NEXT X
10930 z=2+20
10940 PRINT "INDICATE TOTAL OUT OF ADDITIONAL ACTIVITIE
S WHICH ARE LIKELY TO HAVE SPACE CONSTRAINT®
10950 INPUT ;SCC
10960 PRINT "ENTER ACTIVITY HUMBERS THAT ARE LIKELY T0
SPACE conusnou i
-NO ACTIVI‘H NO. 20KE
NUMNBER SPACE lzon.'
10980 Q=5:PRINT
10990 FOR X=SC+1 TO SC+5CC .
11000 LOCATE Q,10:PRINT X:LOCATE Q,20:INPUT ACT(X):LOCA
TE Q,42:INPUT ZN(ACT(X)):LOCATE Q,55:INPUT SPR(ACT(X))
11010 Q=Q+2:1F Q=23 THEN CLS:Q=5:GOSUB 11150
11020 NEXT X:CLS
11030 séasotscc
11040 . .
11050 OPEN M$ FOR OUTPUT AS #12 .
11060 WRITE #12,Z,5C
11070 FOR X=1 TO Z
11080 WRITE #12,SP(X): NEXT X
11090 FOR X=1 TO' SC
11100 WRITE 112,ACT(X), zuucr(x)) SPR(ACT(X)):NEXT X .
11110 CLOSE #12:GOTO
11120 1F X=Z+20 THEN CLExlETI.llIl

xw
» o




145

11130 PRINT " ZONE NUMBER, SPACE A

VAILABLE ~

11140 RETURN

11150 IF X=SC THEN CLS:RETURN .

11160 PRINT "S.NO ACTIVITY NO. “ ZONE NUMBER
SPACE REQD.™

11170 RETURKR °

11180 PRINT "IS THERE ANY IMPACT OF ABSENTEE\SH ON THE

DURATION OF NEW ACTIVITIES (YES/NO)

11190 LINE INPUT ;ARS

11200 IF AR$="YES" THEN 11210 ELSE 11910

11210 CLEAR:SCREEN 2:DIM AB(12,4),EM(12),M0(100), ACT()O

0), All(lOO 4),KPR(100),7(50) ,7(50),85(50),¢(50,7$(100)

11230 OPEN H$ FOR INPUT AS #11 L

11240 FOR X=1 TO 12:FOR Y=1 TO &

11250 INPUT #11,AB(X,Y):NEXT Y:NEXT X

11260 INPUT #11,CA,DN,N,YE .

11270 FOR X=YE TO YE+4:INPUT #11,EM(X):NEXT X

11280 FOR X=1 T DN:INPUT #11,M0(X):NEXT X

11290 FOR X=1 TO

11300 INPUT #11,ACT(X),ABI(ACT(X),1),ABT (ACT(X),2),ABL(
ACT(X),3),ABL(ACT(X),4)

11310 KEXT X -

11320 CLOSE 11 2

11330 M$="OP1":OPEN M$ FOR INPUT AS 2
113640 INPUT #2,DN,N,NN,ST,EN:FOR X=1 TO N:INPUT #2,F(X)
,T(X),B$(X),C(X):NEXT X:CLOSE f#2

11350 GOSUB 8780

11360 PRINT "INDICATE TOTAL OUT OF NEW ACTIVIT IES THAT
ARE LIKELY TO BE AFFECTEDBY ABSENTEEISM™

11370 INPUT ;CAA

11380 PRINT "ENTER ACTIVITY NUMBERS THAT ARE LIKELY TO
BE AFPECTED BY CREW ABSENTEEISH"

11390 FOR X=CA+L TO CA+CAA

11400 INPUT "ACTIVITY NUMBER ";ACT (X):PRINT—

11410 NEXT X

11420 cLS

1430 REM IMPACT OF ABSENTEEISH

11440 PRINT "ACTIVITY  DESCRIPTION e

ACT 1IN TERMS OF WORKDAY LOSS™

11450 PRINT "NO. DESCRIPTION ONE CR

_EW ABSENT THO CREW ABSENT "

nl.so PRINT " & FROM
T0 FROM To "

11470 LINE (1,25)-(600,25)

11480 LINE (16,1)-(70,190): LINE(275,1)-(275,190)

11490 LINE(350,20)-(350,190) :LINE (435,10~ (us 190) : LIN
E(525,20)~(525,190): LINE(600,1)-(600,190)

11500 Q=5

11510 FOR X=CA+l TO CA+CAA

11520 LOCATE Q,5:PRINT ACT(X):LOCATE Q,10:PRINT B$(ACT(
X)):LOCATE Q,37:INPUT ABI(ACT(X),1) .




11530 LOCATE Q,45: INPUT ABI(ACT(X),2):LOCATE Q,56:INPUT
AlI(ACT(X) ,3):LOCATE Q, 67:INPUT ABI (ACT(X),4)
11540 ,

11550 l! Q-23 THEN CL§:Q=5:GOSUB 11580 2
11560 NEXT X:CLS- :
11570 GOTO 11660 .

11580 IF X=CA+CAA THEN RETURN

11590 PRINT “ACTIVITY  ACTIVITY . IMP

ACT LN TERMS OF WORKDAY LOSS™ . 3 .
11600 PRINT “NO. DESCRIPTION ONE C

REW ABSENT TWO CREW ABSENT "

11610 PRINT FROM
T : ROH 10" 2 '

11620 LINE (1,25)=(600,25)

11630 LINE (70,1)-(70,190):LINE(275,1)-(275,190)

11640 LINE(350,20)—(350,190): LINE(435,10)—(435,190):LIN

E(525,20)-(525,190 ):LINE (600, 1)-(600,190)

11650 RETURN

11660 MO$(6 )="JUNE":H0$(7)="JULY":MOS§(8)=" AIIGIIST HOS(9

)="SEPT":MO$ (10)="0CT":MO§(LL ) ="NOV " :H0§(12)="D

11670 MO$(1 )="JAN" :M0§(2 )="FEB":H0$ (3)="MARCH" nus(A)-'

APR" SMOS(5) = "MAY™ - . L

11680 PRINT "INDICATE HANPOWER POSITION POR THE . TACTICA .’

L PLAN PERIOD" '

11690 NHP=MP

11700 YE=MO (1)

11710 FOR MP=YE TO YE + 4:NP=MP

11720 IF MP > 12 THEN NP=MP-12

11730 PRINT "MANPOWER REQUIREMENT FOR THE MONTH OF ';

MO§(NP):INPUT EM(NP)

11740 NEXT MP

11750 PRINT' "INDICATE ACTIVITYWISE MANPOWER REQU IREHENT

11760 FOR Y=N-NN TO N

11770 PRINT "HANPOWER REQUIRED FOR ACTIVITY HO";Y¥;"IS” .
11780 INPUT MPR(Y):NEXT Y .
11790 CA=CA-+CAA

11800 H§="OP11"

11810 OPEN H$ FOR OUTPUT AS #11

11820 FOR X=1 T0 12:FOR Y=l TO &
11830 WRITE #11,AB(X,Y): NEXT Y:NEXT X
11840 WRITE #11,CA,DN,N,

11850 POR X=YE TO YE+h:WRITE #11,EM(X):NEXT X

11860 FOR X=1 TO DN:WRITE /11 ,H0(X):NEXT X .
11870 FOR X=1 T0 CA i

11880 WRITE #11,ACT(X),ABI(ACT(X),1), AH(ACT(X) 2),ABI(
ACT(X),3), ABI(ACT(X). )
11890 NEXT

11900 CLOSE #11

11910 PRINT "IS THERE ANY IMPACT OF R.R ON THE DURATION
0F NEW ACTIVITIES (YES/NO) 7~

11920 LINE 'INPUT ;AR$

11930 IF AR$="YES™ THEN 11940 ELSE 12230

11940 CLEAR zDIH ACTR(100),0C(100,4),RE(100,4),ACTU(100)
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iM$="0P13" S
11950 OPEN NS FOR INPUT AS #13
11960 INPUT #13,RER
11970 FOR X=1 TO RER
11980 INPUT #13,ACTR(X),RECACTR(X),1),RE(ACTR(X),2) ,RE(
ACTR(X), 3),RE(ACTR(X) ,4)
11990 NEXT
12000 INPUT #13,DC
12010 FOR X=1 TO DC
12020 INPUT #13,ACTU(X),DCCACTU(X),1),DC(ACTU(X),2) ,DC(
ACTU(X),3),DC(ACTU(X) ,4)
12030 NEXT X
12040 CLOSE #13
12050 PRINT "INDICATE TOTAL OUT OF WEW ACTIVITIES THAT #
ARE EXPECTED TO HAVE THE IMPACT OF REG.REQUIREMENT™
12060 INPUT RERR .
12070 CLS .
12080 PRINT "S.NO ACT NO. EXPECTED
WORKDAY L0SS™ :
12090 PRINT * DAILY BASIS &
AT END ' OF ACTY"
12100 nmr . . FROM  TO
ROM  TO " o B

12110.Q=5

12120 FOR X=RER+]1 TO RER+RERR

12130 LOCATE Q, 1:PRINT X:LOCATE Q,10:INPUT ACTR(X):LOCA
TE Q,30: INPUT RE(ACTR(X),1):LOCATE Q,40:INPUT RE(ACTR(X
), 2):LOCATE Q,55:INPUT RE(ACTR(X),3):LOCATE Q,65:INPUT
_RE(ACTR(X),4) d
12140 Q=Q+2:1F Q=23 THEN CLS:Q=
12150 NEXT X:CLS

12160 RER=RER+RERR

12170 6OTO 12230

R+RERR run cLs RETURN

2GOSUB 12180,

12190 PRINT "S.NO - EXPECTED
WORKDAY LOSS™ .
12200 PRINT - DAILY BASIS
$ AT END OF ACTY" .
12210 PRINT FROH®  TO
FRQM TO " 2 3

12220 RETUR

12230 PRINT "IS THERE ANY IH!ACT OF DES .CHANGE ON THE D
URATION OF NEW ACTIVITIES (YES/NO) 1°

12240 LINE INPUT ;ARS ~

12250 IF Als" YES® THEN 12260 ELSE 12380

12260 PRINT "INDICATE TOTAL OUT.OF NEW ACTIVITIES THAT
ARE LIKELY TO HAVE IMPACT OF DESIGN CHANGES"

12270 INPUT ;DCC

12280 CLS i B

12290 PRINT "S.NO ACT NO. EXPECTED
WORKDAY LOSS™

12300 Pll)“ DAILY BASIS

TEND OF ACTY™
llllﬂ Plllﬂ FROM TO




. FRON TO " -
12320 Q=5 A &
12330 FOR X=DC+l TO DC+DCC
12340 LOCATE Q,1:PRINT X:LOCATE Q,10:INPUT Acw(x) LOCA
TE Q, 30:INPUT DC(ACTU(X),1):LOCATE Q,40:INPUT DC(ACTU(X
),2): LOCATE Q,55:INPUT DC(ACTU(X),3):LOCATE Q,65:INPUT
DC(ACTU(X) 4)

Q=Q+2:1F Q=23 THEN CLS:Q=5:GOSUB’ 12A9o
uaeo NEXT X:CLS
12370 DC=DPC+DCC
12380 N§="OP13"
12390 OPEN M$ FOR uu'rru-r As 113 ¢
12400 WRITE #13,RE
12410 FOR- X=1 TO m:n
12420 WRITE #13,ACTR(X), RE(ACTK(X) 1),RE(ACTR(X),2) ,RE(
ACTR(X),3) ,RE(ACTR(X), 1.)
12430 NEXT X Bos B
12440 WRITE #13,DC
12450 FOR X=1 TO DC
12460 WRITE #13,ACTU(X), DC(ACTU(X) 1),DOCACTU(X) 127 ,D6C
ACTU(X),3), nc(ncru(x) 43
12470 NEXT .
12480 CLOSE f13:GOTO 12540
12490 IF X=DC+DCC THEN CLS:RETURN

12500 PRINT "S.NO . ACT NO. EXPECTED

WORKDAY LOSS" .

125!0 PRINT " DAILY BASIS
ATEND OF . ACTY" o

12520 PRINT " FROM  TO
FROM TO * :

12530 RETURN 2
12540 CLEAR:DIM )‘(IQD) r(xno) B$(100),C(100),LU(100),AC
TL(100),PROD(100
12550 M$="OP1":OPEN N§ FOR INPUT AS #2 X
12560 INPUT #2,DN,N,NN,ST,EN:FOR X=1 TO N:INPUT #2,F(X)
,r(x) B§(X),C(X): NEXT X: CLOSE 4

70 M§="OP14"
usao OPEN- M§ FOR INPUT AS ne
12590 INPUT #14,LU,ALU
12600 FOR X=1 TO LU:INPUT #14,LU(X):LU(X)=0:NEXT X:LU=0
12610 FOR X=1 TO ALU:INPUT #14,4CTL(X),PROD(ACTL(X)):NE
XT X X

12620 CLOSE f14
12630 PRINT "IS THERE ANY IMPACT OF LABOR UNREST ON THE
DURATION OF NEW ACTIVITIES (YES k{o) *

12640 LINE INPUT ;ARS
12650 17 AR§="YES® THEN .12660 ELSE 12910

-12660 XNPUT "HOW- MANY TOTAL DAYS OF LABOR UNREST IS EXP

ECTED
12670 ron x-1 TO LU

12680 PRINT "INDICATE PROJECT WORKDAY NUMBER OF nxnc*z
D LABOR UNREST DAY";X;

12690 INPUT LU(X):LU(X)=LU(X)-ST+l

12700 NEXT



roe
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12710 PRINT "INDICATE TOTAL OUT OF NEW ACTIVITIES THAT
HAVE IMPACT OF LABOR UNREST"

12720 INPUT.ALUU

12730 PRINT "INDICATE ACTIVITY NUMBERS AND EXPECTED PRO
DUCTIVITY LOSS"

12740 CLS

12750 PRINT "S.NO ACT NO. *. EXPECTED
PROD.LOSS"

12760 Q=5

12770 FOR X=ALU+1 TO ALU+ALUU

12780 LOCATE Q,10:PRINT X:LOCATE Q,25:INPUT ACTL(X
ATE Q,40: INPUT PROD(ACTL(X))

12790 Q=Q+2:IF Q=23 THEN CLS:Q=5:GOSUB 12880

12800 NEXT X:CLS

12810 ALU=ALU+ALUU

12820 M§="OPL4"

12830 OPEN M§ FOR OUTPUT AS #14 .
12840 WRITE #14,LU,ALU :
12850 POR X=1 TO LU:WRITE #14,LU(X):NEXT X

12860 FOR X=1 TO ALU:WRLTE fl4 »ACTL(X),PROD(ACTL(X)):NE

12870 CLOSE #14:G0TO 12910 L
12880 IF X-ALLH-ALUU THEN CLS:RETURN
12890 PRINT s.NO ACT NO. EXPECTED PROD L

12900 RETURN

12910 PRINT °IS THERE ANY IMPACT OF SPECIFIC UNCERTAINT
IES FOR NEW ACTIVITIES (YES/NO)?" -

12920 LINE INPUT, SPUS

12930 IF SPUS="YES™ THEN 12940 ELSE 13180

12940 DIM spzs(io) SPL(100,2)

12950 H$="0P 3
12960 OPEN us FOR INPUT AS #4

12970 INPUT #4,SPE

12980 FOR X=1 TO SPE:INPUT #4,SPES(SPEC(X)), sre(srzc(x)

W, syz(srsc(x) z)
12990 NE "

130Q0 PRINT INDICATE TOTAL OUT OF NEW ACTICITIES THAT
ARE LIKELY TO BE AFFECTEDBY SPECIFIC UNCERTAINTIES™
13010 INPUT ;SPEE

13020 FOR X=SPE+l TO SPE+SPEE

13030 INPUT "ACTIVITY NUMBERT;SPEC(X)

13040 NEXT X

13050 PRINT "GIVE RANGE OF EXPECTED DELAY AND DESCRIPTI -
ON OF EACH UNCERTAINTY"

13060 FOR X=SPE+l TO SPE+SPEE

13070 PRINT "DESCRIPTION OF UNCERTAINTY VARIABLE POR AC
TY";SPEC(X)

13080 LINE INPUT ;SPES(SPEC(X))

13090 PRINT "GLVE RANGE OF EXPECTED DELAY (PROM,TO)"
13100 INPUT SPE(SPEC(X),1), sv:(srac(x) 2)

13110 NEXT

13120 SPE=SPE+SPEE

< 13130 M§="0P6" &



13140 OPEN M$ FOR OUTPUT AS #4

13150 WRITE #4,SPE

13160 POR X=1 TO SPE:WRITE #4,SPEC(X), srzs(srzc(x)) SPE
(SPEC(X),1),SPE(SPEC(X),2) .

13170 NEXT X:CLOSE #4

13180 PRINT "LOAD FILE WEA.BAS™:END

13190 CLEAR:SCREEN 2:DIM AB(12,4),EM(12),H0(100),ACT(10
0),ABI(100,4),HPR(100),F(50),T(50),B5(50),C(50),F$(100)
JHO§(12)

13200 H$="0P11"

13210 OPEN HS FOR INPUT AS #11
13220 FOR X=1 TO 12:FOR Y=1 TO &
13230 INPUT #11,AB(X,Y):NEXT Y:NEXT.X

13240 INPUT #11,CA,DN,N,Y

13250 POR X=YE TO YE+4:INPUT #11,EM(X):NEXT X

13260 FOR X=1 TO DN:INPUT #11,MO(X):NEXT X

13270 FOR X=1 TO CA

13280 INPUT #11,ACT(X),ABI(ACT(X),1),ABI(ACT(X),2),ABI(
ACT(X),3), All(Act(X) 4)

13290 NEXT X
13300 cLOSE f11

13310 M$="OP1":0PEN M$ FOR INPUT AS #2

13320 INPUT #2,DN,N,NN,ST,EN:FOR X=1 TO N:INPUT #2,F(X)
LT(X),B$(X), c(x) n:xr x cLos! ”

13330 GOSUB 8780

13340 nos(s)- JUNE® tHOS(7)="JUL
)="SEPT":M0§(10)="0C

13330 PRINT INDICATE MANPOWER POSITION FOR rlz rncrch
L PLAN PERIOD"

13360 NMP=HP »

13370 YE=HO(1) )

13380 FOR MP=YE TO YE + 4:NP=NP

13390 IF MP > 12 THEN NP=HP-12

13400 PRINT "MANPOWER REQUIREMENT FOR THE MONTH OF ~;
MOS(NP):INPUT EM(NP)

13410.NEXT MP o s

13420 ps="op11”
13430 OPEN H§ FOR OUTPUT AS #11

13440 FOR X=1 TO 12:FOR Y=1 TO 4

13450 WRITE #11,AB(X,Y):NEXT Y:NEXT X

13460 WRITE #11,CA,DN,N,YE

13470 FOR X=YE TO YE+4:WRITE #11,EM(X):NEXT X

13480 POR X=1 TO DN:WRITE f11,MO(X):NEXT X

13490 FOR X=1 TO CA

13500 WRITE #11 ACT(X) ABI(ACT(X),1),ABI(ACT(X),2), ABIC
ACT(X),3), AII(ACT(X) 4)

13510 NEXT .

13520 CLOSE 111

13530 CLEAR:DIM F(100), T(lOD) B$(100),C(100),LU(100),AC
. TL(100),PROD(100)

13540 M§="OP1":0PEN M$ POR INPUT AS #2

13550 INPUT #2,DN,N,NN,ST,EN:FOR X=1 TO N:INPUT #2F(X)
»T(X),B§(X),C(X):NEXT X:CLOSE #2

13560 M$="0P14"

~uas(8)- AUGUST"H0$(9

S



13570
13580
13590
13600
XT X

13610
13620
ECTED
13630
13640

OPEN MS FOR INPUT AS #14

INPUT #14,LU,ALU

FOR X=1 T0 LO:INPUT #14,LU(X):LU(X)=0:NEXT X:LU=0
FOR ‘X=1 TO ALU:INPUT #14,ACTL(X),PROD(ACTL(X)):NE

CLOSE #14

INPUT "HOW MANY TOTAL DAYS OF LABOR UNREST IS EXP
7751 p

FOR X=1 T0 LU

PRINT "INDICATE PROJECT WORKDAY NUMBER OF EXPECTE

D LABOR UNREST DAY"

13650
13660
13670
13680
13690
13700
13710
XT X
13720

iX;
INPUT l.l.v(l) l.u(x)-uv(x) ST+
NEXT % o
KS"OPIA" N
OPEN M$ FOR OUTPUT AS #14
WRITE #14)LU,ALU
FOR X=1 TO LU:WRITE #14,LU(X):NEXT X
POR X=1 TO ALU:WRITE #14,ACTL(X),PROD(ACTL(X))INE

CLOSE #14:G0TO 13180




152
100 REM *x
110 REM *#a&s 2 saxna
120 REM #4éaaa PRODUF COMPUTER MODEL STEP 2 bbbl
130 REM s3an saana

140 REM
150 DIM TE(10,12,31),RA(10,12,31),5N(10,7,31),TEM(150) ,
RAI(150),SHO (100) , RN(100)

0 BS=
170 OPEN HS FOR INPUT AS #3 &
180 FOR X=1 TO 1
190 FOR Y=l TO 12

200 FOR 2=1 TO 31 . ® s
210 INPUT #3,TE(X,Y,Z) _ -
220 NEXT 2

230 NEXT Y

240 FOR Y=1 TO 12

250 FOR z=1 TO 31 :

260 INPUT #3,RA(X,Y,2) .

270 NEXT 2 :

280 NEXT Y

290 NEXT X . a

300 FOR X=1 TO 10 -
310 FOR Y=l TO &

320 FOR 2=1 TO 31 B .

330 INPUT #3,SN(X, Y l)

340 NEXT 2

350 NEXT Y . =
360 NEXT X

370 FOR X=1 TO }o >
380 FOR ¥=5 TO 7 .
390 FOR Z=1- TO

400 INPUT #3, sn(x Y,2)

410 NEXT 2 e 3
420 NEXT Y

430 NEXT X

440 CLOSE 13

450 PRINT "THIS PROGRAM IS TO SINULATE WEATHER CONDITIO .
NS FOR THE TACTICAL PLAN PERIOD"™

460 M$="0PL":OPEN M$ FOR INPUT AS #2

470 INPUT #2,DN,N,NN,ST,EN:CLOSE 2

480 PRINT "INDICATE sxnuuﬂun NUMBER *

490 INPUT L
500 RANDOHIZE (I*ST)
510 FOR X=1 TO DN i

520 RN(X)=RND(X*I*ST)

530 RN(X)=RN (X)*9

540 RR=INT(10€0+.5)

550 N2=INT(RR*RN(X)+.5) . 4 /
560 RN(X)=N2/RR+L: PRINT X,RN(X)

570 NEXT X

580 LAS="EXAMPLE PKOJ!CT' .

590 CALFL§"LAS+".CFL"

600 OPEN CALFLS AS 1 LEN = 4

610 FOR X=1 TO DN




C=X+ST-1 -
GOSUB 730

NEXT X:CLOSE f1 ! .

H§="OP4" - -
OPEN H§ FOR OUTPUT AS #6:WRITE 46,1

FOR X=1 TO 7

WRITE #6, TEM(X),RAI(X) ,SNO(X): PRINT TEM(X),RAL(X),S

NEXT X

CLOSE #6 .

PRINT "LOAD FILE ITE.BAS"

END .

ze1 3 3

FIELD 2/2 AS HD§, 2 AS YR

GET Z,C i E

DT$=S TR$(CVI(MD$) ) -

M=INT (CVI(MD$)/100) .

D§=RIGHT§(DTS,2). e e . ‘
YR=CV I (YRS) i 5 i
P§=D$ E : .
Q$=STR$(YR) e : .
R$=RIGHT$(Q$,2) o o -
J$=STRS§(M) . 5 ¥ X
D=VAL (P$) )
TEM(X ) =TE(RN(X),M,D)

RAI(X )=RA(RN(X),M,D) . ¥

IF M>4 THEN 880 ELSE 900 ¢

IF M>9 THEN-:H=H-5:G0TO 900

GOTO 910

SNO(X ) =SN(RN(X),M,D)

RETURN




100 [REM *

110 REM Arkaw .
120 REM #kans PRODUF COMPUTER MODEL STEP 3 bbbt
130 REM ##xxx ) R
140 REM 3
150 CLEAR

160 REM TO CALCULATE THE RANGE OF ACTIVITY® DURATIONS
170°H$="0P4 = :OPEN H$ FOR INPUT AS #6

180 INPUT #6,1:CLOSE #6 . g

190 M$="0P1

200 DIN ¥(50),0(50),TS(50),DV(50),8(50), DC(su) RC(50),RN
(50),DU(50) ,RB(50),RED( 50),NR(50),F(50),T(50),B$(50),C(5
0),A(50),ACT (50)

210 OPEN MS FOR LNPUT AS n

220 INPUT #2,DK,N,NN,ST,

230 FOR X=1 TO N: INPUT lz F(X),T(X), ss(l) c(x)

240 NEXT X:CLOSE #2:CLS

250 H3="0P2" 10PEN M§ FOR INPUT AS-#3:INPUT 43,LC:FOR X=1
T0 LC:INPUT #3,ACT(X):NEXT X

260 FOR X = 1 70 N:INPUT #3,V(X),U(X),TS(X),0V(X): NEXT X
270 CLOSE #3

280 FOR X=1 TO W .Ir v(x)-u THEN RED (X)=C(X):60TO 380
290, IF C(X)=0 THEN

300" ACX)=V(X)/U(X): I(X)-E(X)IA(X) DC(X)-LOG(A(X))ILOG(Z) B

sRC(X)=(B(X) /TS(X))e(1/DC(X))

310 RANDOMIZE(I) :
320 RN (X)=RND(IX ) :HR(X )=((2*RN(X))~1)

330 RC(X)=RC (X)+(NR(X)*DV(X))

340 DU(X)=(RC(X))®©DC(X)

350 RB(X)=DU (X)*TS (X)

360 RED(X)=RB(X)*A(X).

370 RED(X)=INT((INT(10©2+.5)) *RED(X)+.5)/INT(1002+.5)

390 M§="0P7" y
400 OPEN $ FOR OUTPUT AS #8:WRITE #8,1
410 FOR X = 1 TO
420 WRITE #8,RED(X)
430 NEXT X
440 CLOSE #8
450 CLEAR
460 DIM TE(100,10),R(100,10),W(100,10),5(100,10),2(20),T
(50), F(50),B5(50),C(50) , un(so) LTEM(100),RA(100) ,WI(100)
,SH(100),RN(100)
AA;D M$="0P1":OPEN M§ FOR INPUT AS #2:WRITE #2,DN,N:CLOSE
2

480 M$="0P7" g

490 OPEN H$ FOR INPUT AS #8:INPUT #8,1
500 FOR X = 1 T0 N : :
510 INPUT #8,RED(X)

520 NEXT X
530 DIM AB(12,4),MH(12) ,WE(12),H(200),A5(100),EM(12) 40 (
100),MOC(50) ,NTC( 50),ACT (100) , ABI(50,4),HPR(50)

540 Hs="0P11 " 10PEN HS FOR INPUT AS #il

550 FOR X=1 TO 12:FOR Y=1 T0 4:INPUT #11,AB(X,Y)




S e 155

560 'NEXT- Y:NEXT X

« 570 INPUT. #11,CA,DN,N,YE .
580 FOR X=YE TD Y!-h’o IEPI.IT #11,EM(X): NBX‘I‘ X o
590 FOR X=l1 TO DN:INPUT #11 HO(X) NEXT

600 FOR X=1 TO CA:INPUT #11,ACT(X), AB!(ACT(X) 1) ,ABI(ACT
(X) 2),ABI(ACT(X),3), All(ACT(X) 4):NEXT

- 610 CLOSE #11-

620 FOR X=1 TO 12-
630 MW(X)=AB(X,2)-AB(X,1)
640 WE(X)=AB(X,%)-AB(X, 3)
650 NEXT X

660 M§="0P1" _ S

. 670 OPEN M$ FOR -INPUT AS #2

" 680 INPUT #2,DN,N,NN,ST,EN @

690 CLOSE #2 . )

700 H$="0P9"

710 OPEN. H$ FOR,INPUT AS #9

720 INPUT #9,Z:WRITE #9,Z_ ~

‘730 FOR X = 1 TO 2: INPUT 59,14(:) NEXT X /‘

740 CLOSE 9 ", &

750 FOR X=1 TO DN:RANDOMIZE(X*I*10): nn(x)-lun(x-nm)

760 Y=HO(X):AS (X)=(MW(Y)*RN(X)+AB(Y,1))*EN(Y)/100

770 FOR R=1 TO 2

780 IF X=M(R)-ST THEN GOSUB no GOTO 800 e

790 HEXT-R %

800 NEXT X

BL0 FOR X~ TO DN:RR=INT(1000+.5):N2=INT(RR*AS(X)+. 5)ias -

(X)=N2/RR:NEXT X:GOTO 840 )

820 AS(X)=(VE (Y)*RN (X)+AB(Y, 3))*EN(¥)7100 e

830 RETURN Sl

840 FOR Y=1 TO CA =

850 MNDOHIZ!(Y'I'S) Lo

860 RN(Y)=RND(Y*I*5

870 HOC(ACT(Y))'lN(Y)'(AlI(AC‘!’(Y) 2)7 ABI(ACT(Y) 1))+n

I(ACT(Y),1)

880 nrc(AcT(‘l))-lN(Y)'(uI(Acr(!) 4)=ABI(ACT(Y), 3))4u~ -

I(ACT(‘{) 3)
90 NEXT Y :

900 H§="0P10" .

910 OPEN.H$ FOR OUTPUT AS # 10:WRITE no YE,CA.

920 FOR X=1 TO' DN

930 WRITE #10,AS(X) . %

940 NEXT X & .

950 FOR Y=l TO N:WRITE #10,40C(¥), nrcu)xnxxr ¥

960 FOR Y=YE TO YE+4:WRLTE #10,EM(Y):

970 FOR Y=l TO DN;WRITE #10,HO(¥): nzx'r ‘l g

980 CLOSE /10 .
990 DIM ACTR(50),RE(50,4),ACTU(50),DC(50,4) ¥ o
»RM(50) ,RHE(50) ,DM(50),DME(50) i
1000 H$="0PL3":0PEN H§ FOR INPUT AS #13 *

1010 INPUT #13,RER =

1020 FOR X=1 TO REK:!NPUT“013.ACTR(X),R
E(ACTR(X),1),RE(ACTR(X),2),RE(ACTR(X),3 - ° , -
) JRE(ACTR(X),4) :NEXT X X

. %

‘"




1030 INPUT #13,DC:FOR X=1 TO DC:INPUT f13,ACTU(X),
DC(ACTU(X),1), DC(ACT"(X) 2),DC(ACTU(X),3),DC(ACTU(
X),4):NEXT X:CLOSE /1

1040 FOR X=1 TO RER: lANDoKlll(x'l'ZD) RN(X)=RND(X*
141%20)

1050 RH(ACT!(X))-(IE(ACTI(X),2)-!:(Ac1l(x),l))'lN(
X)#(RE(ACTR(X),

1060 RHE(ACTR(X)) (RE(ACTR(X),4)-RE(ACTR(X),3))*RN
(x)¢(n:(Acrl(x). »

1070 NEXT

1080 FOR x-\ TO DC

1090 RANDOMIZE (X*I#30)

1100 RN(X)=RND(X*I41#30)

1110 DM(ACTU(X))=(DC(ACTU(X),2)-DC(ACTU(X),1))*RN(
X)+(DC(ACTU(X),1))

1120 DH!(ACTU(X)) (DC(ACTU(X) 4)-DC(ACTU(X),3))*RN
(X)+(DC(ACTU(X),3

1130 NEXT X

1140 DIM SPE(100,2),SPE$(50),SPEC(50),UN(50)

1150 M§="0P6"

1160 OPEN M$ FOK INPUT AS f#4

“1170 INPUT #4,SPE '

1180 FOR X=1 TO SPE

1190 INPUT #4,SPEC(X),SPES(SPEC(X)),SPE(SPEC(X),1) "
»SPE(SPEC(X),2)

1200 NEXT X - -

1210 CLOSE #4 -

1220 RANDOMIZE(I*1%40)

1230 FOR X=1 TO SPE

1240 RN(X)=RND(X*I*I*I)

1250 uu(srzc(x))-nn(x)-(srz(srzc(x) z) srz(sr:c(x)
,1))~sr:(sr:c(x), )

1260 NEXT

1270 Hg=" or1 :OPEN HS FOR APPEND AS #8

1280 WRITE #8,RER:FOR X=1 TO RER:WRITE #8,ATR(X):
NEXT X:FOR X=l TO RER:WRITE #8,RM(ACTR(X)),RME(ACT
R(X)):NEXT X

1290 WRITE #8,DC:FOR X=1 TO DC:WRITE #8,ACTU(X):NE
XT X:FOR X=1 TO DC:WRITE /8,DM(ACTU(X)),DHE{ACTU(X
)):NEXT X

1300 WRITE #8,SPE

1310 FOR X=1 TQ SPE

1320 WRITE #8,SPEC(X),UN(SPEC(X)) "

1330 NEXT X .
1340 CLOSE, 8

1350 CLEAR

1360 DIM T(50),F(50),B$(50),C(50),E(50),L(50),G(50
),J(50),RA(50),RED(50),AH(100),AC(100),CA(50),BH (5
0),F$(100),RR(50),C0(10)

1370 DIN HTC(50) ,MPR(50),EM(12),5P(20),ACTS (50),2N
(50),SPR(50),LU(50),ACTL(50),PROD(50),AB(50),WDT(5
0),5C(20),CRI(20),WDS(50),HDR(50),HDD(50)

1380 DIN TEM(100),R(100),WI(100),SN(100),ACT(50),T
1(50),T2(50),T3(50),T4(50),TT(50),FF(50),CC(50),A(

. n



i

50),ACTR(50),ACTU(50),DH(50),DHE(50), nn(so) RME(50
),AS(100),H0C(50),AT(10,10),40(100),RT(50

1390 DIX ABT(50),D0(10),X(12),UN(50), srzc(SO) EOD(
50), lonu(su) WDP(50),AWU(100),WDA(100),SPCN(100)
1400 scnzzn

1410 ¢

1420 LocArz 10,21:PRINT "executing..
se vaic”

1430 GOSUB 4300

1440 LAS="EXAMPLE PROJECT"

1450 CALFL§="A:"+LA$+".CFL"

1460 OPEN CALFL§ AS 1 LEN=4

1470 FOR X = 1 TO DN

1480 C = X+ST-1

1490 GOSUB 1540

1500 F$(X)=DTES

1510 NEXT X

1520 CLOSE /1

1530 GOTO 1670

15402 = 1

1550 FIELD Z,2 AS MD$, 2 AS YRS
1560 GET Z,C

1570 DT$=STR§(CVI(MDS))

1580 ¥ = INT (CVI(MD$)/100)

1590 D$=RIGHTS(DTS,2)

1600 YR=CVI(YRS)

1610 PS = D§ =

1620 Q§ =STR$(YR)

1630 K$= RIGHTS$(Q$,2)

..plea

© 1640 J$ = STRS(M)

1650 DTES = P§S+7/"+J$+7/"+K$
1660 RETURK

1670 LPRINT " ITERAT ION NUMBER ";I:L

PRINT
1680 LPRINT ° DAY  DATE ACTYNO. DESCR
IPTION NO.OF DAYS"
1690 LPRINT *
COMPLETED"
1700 FOR Q=1 TO DN:LPRINT :LPRINT :M=0
1710 GCOSUB 1890:GOSUB 3370:GOSUB 2050
1720 IF Q=DN THEN GOSUB 3260
1730 NEXT Q
1740 FOR X=1 TO N
1750 IF C(X)=0 THEN 1770
1760 C(X)=C(X)+EOD(X)
1770 NEXT X - |
1780 FOR X=1 TO N:LPRINT X;TAB(6);F(X);TAB(12);T(X
)iTAB(30);BS(X);TAB(46);C(X)
1790 NEXT X
1800 H$="DIST":CLS:LOCATE 10,21:PRINT "DO YOU WANT
TO STORE (YES/NO)?":LINE INPUT STY$:IF STY$="YES"
THEN 1810 ELSE 1880
1810 IF I=1 THEN 1820 ELSE 1850
1820 OPEN H§ FOR OUTPUT AS #15



1830 WRITE #15,1,N:FOR X=1 TO N:WRITE #15,C(X):NEX

1840 CLOSE #15:GOTO 1880

1850 OPEN H$ FOR APPEND AS f15:WRITE #15,1,N
1860 FOR X=1 TO N:WRITE #15,C(X):NEXT X

1870 CLOSE /15

° 1880.END

1890 POR Y=1 TO N:AC(Y)=0:NEXT Y:FOR Y=1 TO N:GOSU

B 1900:NEXT Y:RETURN

1900 IF E(Y) < = Q THEN GOSUB 1920

1910 RETURN

1920 IF G(Y) > Q THEN GOSUB 1940:G0TO 1930

1930 RETURN

1940 IF BW(Y)>0 THEN 2010

1950 IF EOD(Y) <> O THEN 1970

1960 GOTO 2010

1970 RA(Y)=RA(Y)+1:LPRINT Q;TAB(6);F$(Q);TAB(20);Y
STAB(34);BS(Y);TAB(58);RA(Y)

1980 IF RA(Y) > = CA(Y)+EOD(Y) THEN LPRINT "ACTIVI

TY NO™;Y;"COMPLETED.DURATION IS";CA(Y)+EOD(Y); DAYS":
RETURN

1990 LPRINT “ACTIVITY"
ACTIVITY DELAY"

2000 RETURN

2010 RA(Y)=RA(Y)+1:LPRINT Q;TAB(6);FS(Q);TAB(20);¥
STAB(34);BS(Y);TAB(58);RA(Y)

2020 M=M+1:AC(M)=Y

2030 RETURN

2040 PRINT:IF IA(Y) > CA(Y) THEN RETURN

2050 FOR R=1 TO

2060 1F BH(AC(I)) = < 0 THEN 2260

2070 IF AW(AC(R))-BW(AC(R))<.25 THEN 2210

2080 IF AW(AC(R))-BW(AC(R)) <.5 THEN 2170

2090 C(AC(R))=RA(AC(R)) -(.5):CA(AC(R))=C(AC(R))
2100 IF EOD(AC(R))=0 THEN LPRINT "ACTIVITY";AC(R)
;IS COMPLETED.DURATION IS~;C(AC(R));“DAYS”

2110 IF EOD(AC(R)) <> O THEN 2130 PRINT

2120 FOR X=1 TO N:IF T(AC(R))=F(X) THEN GOSUB 2140
sNEXT X

2130 BW(AC(R))=0:G0TO 2320

2140 PRINT “AVAILABLE W.D FOR ACTY"
)=.5:BW(X)=BW(X)=.5

2150 RED(X)=BW(X)

2160 RETURN

2170 C(AE(R))-IA(AC(I)) .

2180 BW(AC(R))=0 & *
2190 IF EOD(AC(R))=0 THEN LPRINT 'ACTY‘,AC(I).'IS .
COMPLETED.DURATION IS";RA(AC(R));"DAYS"

2200 CA(AC(R))=C(AC(R)):GOTO 2320 .

2210 BW(AC(R))=RED(AC(R))~AW(AC(R))

2220 RED(AC(R))=BW(AC(R)): PRINT "BALANCE DURATION

FOR ACTIVITY";AC(R);"IS";BW(AC(R));"DAYS"

2230 IF BW(AC(R)) > =.25 THEN 2280

2240 IF BW(AC(R)) < O THEN 2260

3"1S DELAYED DUE TO END OF

T5.S:AM(X




.2250 IF AW(AC(R)) < .75 THEN 2280
“2260 IF EOD(AC(R))=0 THEN 2310

2270 C(AC(R))-RA(AC(R)):CA(AC(I))-C(AC(R)) BW(AC(R
))=0:LPRINT :LPRINT "ACTIVITY";AC(R);"IS COMPLETED.
THE DURATION IS";RA(AC(R));"DAYS":GOTO 2320

2280 IF RA(AC(R))=C(AC(R)) THEN 2300

12290 IF RA(AC(R)) < C(AC(R)) THEN 2320

2300 C(AC(R))=RA(AC(R))+BW(AC(R)):GOTO 2320

2310 BW(AC(R))=0:C(AC(R))=RA(AC(R)):IF EOD(AC(R))=
0 THEN 2270

2320 NEXT R

2330 FOR R=1 TO M:IF RA(AC(R)) < CA(AC(R)) THEN 23

2340 GOTO 2470
2350 NEXT R
2360 FOR X=1 TO'M
2370 IF G(AC(X)) < Q+L THEN GOSUB 2400
2380 NEXT X
" 2390 RETURN
- 2400 IF BW(AC(X)) = O THEN RETURN
2410 IF BW(AC(X)) < O THEN RETURN
2420 1F nu(Ac(x)) > 0 THEN G(AC(X))=G(AC(X))+.75

2430 FOR 0=1 TO
2440 IF T(AC(X)) F(0) THEN E(0)=E(0)+.5
' 2450 NEX

2460 KETUIN

2470 GOSUB 2540

2480 FOR R=1 TO M

2490 1r BW(AC(R)) < = 0 THEN 2500 ELSE 2510

2510 CA(AC(R)) C(AC(R))
4 2520 NEXT '

2330 RETORN

2540 FOR X=1 TO N:E(X)=0:G(X)=0:A(X)=0:NEXT X
©2550 FOR Z =1 TO N-1

2560.3=2 .
2570 POR  X=z+1 TO N

2580 IF F(X)>P(J) THEN 2620

2590 IF P(X)CF(J) THEN 2610

2600 LF T(X)>T(J) THEN 2620

2610 J=X

2620 NEXT X

2630 IF J=Z THEN 2760

2640 H(1)=F(2)

2650 H(2)=T(2)

2660 H(3)=C(2)

2670 HS(4)=BS(2Z) %
2680 F(z)=F(J) ;
2690 T(Z)=T(J) = " L 4

2730 T(J)=H(2)
2740 C(J)=H(3) : ¥




l$(J)'“$(‘) -

NEXT

5(1)-1

FOR X=1 TO N -
C(X)=C(X)+EOD(X) &
NEXT X

FOR X=1 TO N
E(X)=E(X)+C(X)

IF X=N THEN 2910

FOR D=X+l TO N

IF F(D)=F(l) THEN E(D)=1
IF T(X) <>F(D) THEN 2890 ’
IF E(D)>E(X) THEN 2890
E(D) =E(X)

NEXT D

NEXT X

P=0

FOR X=1 TO

IF PYE(X) Tnxn 2950
P=E(X)

FOR z=1 TO N
X=N-Z+1
FOR D=1 TO N-Z ~
IF F(X) <>T(D) THEN 3050
IF L(X)-C(X)>L(D) THEN 3050
L(D)=L(X)-C(X)
NEXT D -
NEXT 2 5
POR  X=1 TO N
A(X)=L(X)-E(X) —
NEXT X
cl=L(N)-1 .
FOR X=1 TO N 3 \
E(X)=E(X)-C(X)
L(X)=L(X)-C(X)
G(X)=E(X)+C(X)
J(x)-n(x)oc(x)
NEXT
FOR x-x TO N
IF EOD(X)=0 THEN 3200
C(X)=C(X)-EOD(X)
NEXT X
FOR X=1 TO M:IF G(AC(X)) < Q+l THEN GOSUB 330

NEXT X
FOR X=1 TO M
LPRINT AC(X),E(AC(X)),L(AC(X)),G(AC(X)),J(AC(

X)):NEXT X

3250
3260

RETURN
FOR R=1 TO M



3270 C(AC(R))=RA(AC(R))+BW(AC(R)):RR=INT(1000+.5):

N2=INT(RR#*C(AC(R))+.5):C(AC(R))=N2/RR

3280 NEXT

3290 RETURN

3300 IF BW(AC(X)) = O THEN RETURN

3310 IF BW(AC(X)) < O THEN RETURN

3320 1P lu(Ac(x)) > 0 THEN G(AC(X))=G(AC(X))+.75

3330 FOR O=1 TO

3340 1P r(nc(x))-r(o) THEN E(0)=E{0)+.5

3350 NE

3360 nzruxn

3370 FOR Y=1 TO M

3380 17 rzn(u) < 0 THEN WDT(AC(Y))=(1-TL1(AC(Y))):6
34

3390 ir TEM(Q) < 5 THEN WDT(AC(Y))=(1-T2(AC(Y))):G0TO
0

3400 IF TEM(Q) < 15 THEN WDT(AC(Y))=(1-T3(AC(Y))):
GOTO 3430

3410 IF TEM(Q) > 25 THEN WDT(AC(Y))=(1-T4(AC(Y))):
GOTO 3430

3420 WDT(AC(Y))=1

3430 IF R(Q) > 5 THEN WDT(AC(Y))=WDT(AC(Y))*(1-cC(
AC(Y)))

3440 IF SN(Q) > 10 THEN Hnr(Ac(v))-Hnt(Ac(V))-(l T
T(AC(Y)))

3450 WDT(AC(Y))=1-WDT(AC(Y))

3460 NEXT Y:IF H=0 THEN 3640

3470 1F AS(Q)=0 THEN 3640

3480 FOR AR= 1 TO AS(Q):RANDOMIZE(AR'I*Q): RN(AR)=(
RHD(AI'I'Q))'H

3490 RR=INT(1000+.5) . .

1500 nz-xur(nl-ln(nn)o.s)

3510 RN(AR)=N2/RR

3520 IF RN(AR) < 1 THEN AR=AR-1:GOTO 3540

3530 AB(AR)=RN(AR)

3540 NEXT AR

3550 FOR R=1 TO M:POR AR=1 TO AS(Q)

3560 IF R=AB(AR) THEN ABT(R)=ABT(R)+l

3570 ‘NEXT AR:NEXT R

3580 POR R=1 TO M

3590 IF ABT(R)=0 THEN 3630

3

3600 IF ABT(R) = 1 THEN WDA(AC(R))=MOC(AC(R))
3610 IF (R) > = 2 THEN WDA(AC(R))=NTC(AC(R))
3620 ABT(R)=0

3630 HEXT R

.3640 POR X=1 TO ZZ:SPCN(X)=SP(X):NEXT X
3650 FOR X=1 TO 2Z:FOR R=l TO M:IF ZN(AC(R))=0 THE

670
3660 1F ZN(AC(R))=X THEN SPCN(X)=SPCN(X)-SPR(AC(R)

)

3670 NEXT R

3680 NEXT X

3690 FOR X=1 TO ZZ:1F SPCN(X)<0 THEN GOSUB 3710
3700 NEXT X:GOTO 3770




3710 SC(X)=0:FOR R=1 TO H: LF ZN(AC(R))=X THEN SC(X)=sC
(X)+1:AT(X,SC(X))~=AC(R)

3720 NEXT R

3730 NOS=0

3740 POR R=1 TO SC(X):IF A(AT(X,R))>0 THEN WDS(AT(
X,R))=1:SPCN(X)=SPCN(X)+SPR(AT(X,R)):IF SPCN(X)> =
0 THEN RETURN ELSE 3760 <

3750 NOS=NOS+l:CRI(NOS)=AT(X,R) .

3760 NEXT R;RETURN

3770 FOR CR=l TO NOS:WDS(CRI(CR))=1-(1/NOS)

3780 NEXT CR:NOS=0

3790 FOR R=l TO M:FOR Y¥=1 TO RER:IF AG(R)=ACTR(Y)
THEN GOSUB 3820:GOTO 3810

3800 NEXT Y .
3810 NEXT R:GOTO 3840

3820 WDR(AC(R))=RM(ACTR(Y)) .
3830 RETURN R
3840 FOR R=l TO M:FOR ¥=1 TQ DC

3850 IF AC(R)=ACTU(Y) THEN GOSUB 3830:G0TO 3870
3860 NEXT Y

3870 NEXT R:GOTO

3880 HDD(AC(l))'DH(AcTU(Y)) RETURN

3900 x(yz)-
3910 X(YE+L
3920 X(YE+2)= 9090001

13930 X(YE+3)=.9000001 B .

3940 X(YE+4)=.9000001 N P
3950 IF MO(Q)=YE THEN X=X(YE) \
3960 IF MO(Q)=YE+l THEN X=X(YE+l)

3970 IF MO(Q)=YE+2 THEN X=X(YE42)

3980 IF MO(Q)=YE+3 THEN X=X(YE+3)

3990 ¥ = 1.15 -( .15%*X)
. 4000 FOR R=1 TO H:FOR X=1 TO ALU

4010 IF AC(R)=ACTL(X) THEN GOSUB 4270 :GOTO 4030

4020 NEXT X

4030 NEXT R

4040 FOR R=1 TO M

4050 IF WDT(AC(R))=1 THEN AW(AC(R))=0:GOTO 4190

4060 IF WDA(AC(R))=1 THEN AW(AC(R))=0:GOTO 4190

4070 IF WDS(AC(R))=1 THEN AW(AC(R))=0:GOTO 4190

4080 IF WDR(AC(R))=l THEN AW(AC(R))=0:GOTO 4190

4090 IF WDD(AC(R))=1 THEN AW(AC(R))=0:GOTO 4190

4100 IF WDP(AC(R))el AH(AC(I))-D GOTO 4190

4110 IF Y=0 THEN AW(AC(R))=0:GOTO 419

4120 AW(AC(R))= l+HDT(AC(R))+HDA(AC(R))+HDS(AC(R))+
WDR(AC(R))+WDD(AC(R))+WDP(AC(R))

4130 AWU(AC(R))=(1-(((AW(AC(R))~WDT(AC(R)))*(AW(AC
(R))-WDA(AC(R)))*(AW(AC(R))-WDS(AC(R)))*(AW(AC(R))
~WDR(AC(R)))*(AW(AC(R))~WDD(AC(R)))*(AW(AC(R))~WDP
(AC(R))))/(AW(AC(R))©6)))*AW(AC(R))+]

4140 IF AW(AC(R))=AWU(AC(R)) <.1 THEN 4160

4150 AW(AC(R))=AWU(AC(R)):GOTO 4130

4160 AW(AC(R))=1/AWU(AC(R))

-
=
z



4170 AW(AC(R))=AW(AC(R))*Y

4180 PRINT "AVAILABLE WD FOR ACTY";AC(R);“IS™;AW(A

C(r))

4190 NEXT R

4200 FOR R=1 TO M:WDT(AC(R))=0:WDS(AC(R))=0:WDR(AC
(R))=0:WDD(AC(R))=0:WDP(AC(R))=0:AWU(AC(R))=0:NEXT

R
4210 FOR R=1 TO M

4220 RR=INT(1001+.5)

4230 N2=INT(RR*AW(AC(R))+.5)

4240 AW(AC(R))=N2/RR

4250 NEXT R

4260 RETURN

4270 FOR L=1 TO LU

4280 IF Q=LU(L) THEN WDP(AC(R))=PROD(ACTL(X)) ELSE

4290 RETURN .

4300 M§="0PL"

4310 OPEN S FOR INPUT AS #2

4320 ‘INPUT #2,DN,N,NN,ST,EN

4330 CLOSE #2

4340 H$="OP4":0PEN H$ FOR INPUT AS #6:INPUT #6,1
4350 FOR X=1 TO DN:INPUT #6,TEM(X),R(X),SN(X)
4360 NEXT:X:CLOSE #6

4370 H§="OP5"

4380 OPEN H$ FOR INPUT AS #7:INPUT #7,WI:WRITE #7,

4390 FOR X = 1 TO WI:INPUT #7,ACT(X):WRITE #7,ACT(
X):NEXT X:

4400 FOR X = 1 TO WI:INPUT #7,T1(ACT(X)),T2(ACT(X)
), T3TACT (X)), T4(ACT(X)) , TT(ACT (X)), CC(ACT (X))

4410 NEXT X:CLOSE #7 -

4420 M§="0P1"

4430 OPEN NS FOR INPUT AS #2

4440 INPUT #2,DN,N,NK,ST,

4450 FOR X=1 TO N:INPUT #2,P(X),T(X),B$(X),C(X):CA
(X)=C(X):NEXT X:FOR X<l TO N:INPUT #2,E(X),L(X),G(
X),J(X),A(X):G(X)=C(X)+1:J(X)=J (X)+1:NEXT X

4460 CLOSE #2

4470 H$="OP7" :OPEN H$ FOR INPUT AS

4480 INPUT #8,1:FOR X=1 TO N:INPUT la RED(X):BW(X)
=RED(X):NEXT X

4490 INPUT #8,RER:FOR X=1 TO RER:INPUT #8,ACTR(X):

NEXT X:FOR X=1 TO unl-xnrur 8, RH(ACTR(X)) , RHE(ACT
R(X)):NEXT X

4500 INPUT #8,DC:FOR X-1 TO DC:INPUT #8,ACTU(X):NE
XT X:iFOR X=1 TO DC:INPUT #8,DMCACTU(X)),DME(ACTU(X

))

4510 NEXT X:INPUT #8,SPE:FOR X=1 TO SPE:INPUT #8,S
PEC(X),UN(SPEC(X)):NEXT X:CLOSE #8

4520 FOR X=1 TO

4530 EOD(X)=RME(X)+DNE(X)+UN(X)

4540 NEXT X

4550° FOR X=1 TO N:IF EOD(X)=0 THEN 4580



Z-IIIT(RR"IDI'I(X)-O-.S)

4560 RR=INT(1000+.5):
4570 EOD(X)=N2/RR
4580 NEXT X
2% 4590 H$="OPL107:0PEN HS FOR INPUT AS' #10:INPUT #10,YE,C
A s
4600 FOR X=1 TO DN:INPUT #10,AS(X):NEXT X
4610 FOR Y=1 TO N:INPUT #10,MOC(Y),MTC(Y):NEXT ¥
4620 FOR Y=YE TO YE+4:INPUT #10,EM(Y):NEXT Y
4630 FOR Y=1 TO DN:INPUT: #10,MO(Y):NEXT Y *
4640 CLOSE #10
4650 H$="OPL2":0PEN H§ FOR INPUT AS #12
4660 INPUT#12,2Z,5C:FOR X=1 TO ZZ:INPUT #12,SP(X)
. :NEXT X
4670 FOR X=1 TO SC:INPUT #13,ACTS(X),ZN(ACTS(X)),S
., PR(ACTS(X)):NEXT X
‘. 4680 CLOSE #12 AN . *
4690 M$="OPL4":OPEN H§ FOR INPUT AS 714
4700 INPUT #14,LU,ALU
4710 FOR X=1 TO LU:INPUT #14,LU(X):NEXT X
4720 FOR X=1 TO ALU:INPUT. #14,ACTL(X),PROD(ACTL(X)
) [l
4730 NEXT X
4740 CLOSE #14 "
4750 FOR X=1 TO N:IF EOD(X)=0 THEN 4830
* 4760 EOD(X)=EOD(X)+C(X)
4770 EODU(X)=(1-(((EOD(X)~ nnz(x))-(zcn(x)-nnx(x))-(son
(X)-UN(X)))/(EOD(X)€3)))*EOD(X)+C(X) .
4780 IF EOD(X)-EODU(X) < .l THEN 4800
4790 EOD(X)=EODU(X):GOTO 4770
SO 4800 EOD(X)=EODU(X) o
p 'znn 0 s

_4810 EOD(X)=EOD(X)~C(X):LPRINT
F ACTY DELAY FOR ACTY";X;"IS"; *
4820 RR=INT(1000+.5): NZ-INT(&R'!OD(XH 5): wn(x)-nz/n S
4830 NEXT X
4840 RETURN




165

100" REM

110 REM whanw wRRAN
120 REM #aaas PRODUF COMPUTER MODEL STEP 4 o
130 REM #*##aw AR
140 REM

150 DIM €5(50,40),CA(50,40),RA(100),CC(50,50),1(50),CRI
T(50,15),C(50),#(50),T(50),E(50),L(50),G(50),J(50),C1(5
0),JA(50),B5(50),A(50)

160 H$="DIST"

170 OPEN H$ FOR INPUT AS #1

180 FOR X=1 TO 30:INEUT #1,1(X),N

190 FOR ¥=1 TO N » &

200 INPUT #1,CA(X,Y)

210 NEXT Y

220 NEXT X ¢

230 CLOSE #1 . S
240 FOR X=1 TO N s

250 FOR ¥=1 TO 30

260 CS(X,Y¥)=CA(Y,X) .

270 NEXT Y

280 NEXT X L

290 FOR X=1 TO N

300 FOR I=1 TO 29
310.FOR J=1 TO 29
A=CS(X,J)
330 B=CS(X,J+1)

340 IF A < = B THEN 370 -
350 LET CS(X,J)=B
360 LET CS(X,J+1)=A . Sced?

370 NEXT J

380 NEXT I

390 FOR R=1 TO 30

400 CA(X,R)=CS(X;R)

410 NEXT R .

420 NEXT X

430 GOTO 870 :

440 LPRINT TAB(5);"S IM ULATED ACTIVITY

DURATIONS ":LPRINT

450 LPRINT :LPRINT :LPRINT

460 LPRINT TAB(5); "ACTIVITY

ONS(ASCENDING ORDER)" z

470 LFllN'l‘ Ln.m ‘rAlU);"Ro 12 3 4 .8
7 .

SIHULATED DURATI

680 LPRINT 'LPRINT
490 FOR X=1 TO 36

500 IF X= >0 THEN 520
510 LPRINT TAB(7)
520 LPRINT TAB(6
530 FOR Y=1'TO 10

540 LPRINT USING "#4#.#7;CA(X,Y);
550 NEXT Y

560 LPRINT:LPRINT

570 IF X=24 THEN LINE INPUT GG§
580 NEXT X

GOTO 530




590
600
ONS(
610
15
620
630
640
650
660
670
680
690
700

. 710

720
730
740
ONS(
750
25
760
770
780
790
800
810
820
830
840
850
860
870
I1ZAT
880
890
900
910
920
930
940
950
960
970

LINE INPUT.GGS

LPRINT TAB(5); "ACTIVITY

ASCENDING ORDER)”

LPRINT :LPRINT TAB(7);"NO 11 12 13 14
18 19 20

SIMULATED DURATI

LPRINT :LPRINT

FOR X=1 TO 36

IF X= >10 THEN 660

LPRINT TAB(7);X;;:G0T0 670
LPRINT TAB(6);
FOR Y=11 TO 20

LPRINT USING “####.#7;CA(X,Y);
NEXT Y

LPRINT:LPRINT

IF X=24 THEN LINE INPUT GGS$
NEXT X

LINE INPUT GG$

LPRINT TAB(5); "ACTIVITY

ASCENDING ORDER)"

LPRINT :LPRINT TAB(7);"NO 21 22, .23 24
2 28 29 30"

SIMULATED DURATI

LPRINT :LPRINT
FOR X=1 TO 36
IF X= >10 THEN 500

FOR Y=21 TO 30

LPRINT USING = #7;CA(X,Y);
NEXT Y

LPRINT:LPRINT

IF X=24 THEN LINE INPUT GG§
NEXT X

PRINT "GIVE ANY NUMBER BETWEEN 1 AND 100 FOR RANDOM
10N PURPOSE"

INPUT A
FOR X=1 TO 50

FOR Y=1 TO N

RANDOMIZE(A*Y)

RA(Y)=RND(A*X*Y)

FOR 2=1 TO 30

IF RA(Y) < = (.033)*z THEN CC(X,Y)=CA(Y,Z):GOTO 960
NEXT 2

NEXT Y

NEXT X /

H$="SINDU"

OPEN HS$ FOR OUTPUT AS #6

FOR X=1 TO 50

FOR Y=1 TO N

WRITE #6,CC(X,Y¥) \

NEXT Y i

NEXT X

CLOSE #6

CLEAR

DIN CS(50,40),CA(50,40),RA(100),CC(50;50),1(50),CR



1T(50,20),C(50),F{50),T(50),E(50),L(50),6(50),J(50),C1(

50),J
108

A(50),B5(50),A(50)
IMDU"

0 H§="S

. NI

OPEN H$ FOR INPUT AS #6

FOR X=1 TO 50

FOR Y=1 TO 36

INPUT #6,CC(X,Y)

NEXT Y:KEXT X:CLOSE #6
M§="0P1"

OPEN MS FOR INPUT AS #2

INPUT #2,DN,N,ST,EN,DN:N=36 &
FOR X=1 TO N

INPUT #2,F(X),T(X),B$(X),C(X)
NEXT X

CLOSE #2

FOR I=1 TO 50

FOR X=1 TO N

C(X)=CC(I,X)

EXT X

E(1)=1
FOR X=1 TO N &
E(X)=E(X)+C(X) ™
IF X=N THEN 1360
FOR D=X+l TO N :
IF F(D)=F(1) THEN E(D)=1
IF T(X) <>F(D) THEN 1340
IF E(D)>E(X) THEN 1340
E(D) =E(X)
NEXT D
NEXT X
P=0 .
FOR X=1 TO“N
IF PYE(X) THEN 1400
P=E(X)
NEXT X
FOR X=1 TO N
L(X)=P
NEXT X
FOR z=1 TO N
X=N-Z+1
FOR D=1 TO K-Z
IF F(X) <>T(D) THEN 1500
IF L(X)-C(X)>L(D) THEN 1500
L(D)=L(X)=C(X)
NEXT D .
NEXT 2
FOR X=1 TO N
A(X)=L(X)-E(X)
NEXT X
CLl(I)=L(N)=-1
FOR X=1 TO N
E(X)=E(X)-C(X)
L(X)=L(X)=C(X)
G(X)=E(X)+C(X)-1



1600 J(X)'L(x)+c(x) 1
1610 NEXT 5 i
1620 LPRINT 'ruz COMPLETION TIME FOR ITERATION";
C1(1) ’

1630 LPRINT "CRITICAL ACTIVITIES FOR ITERATION"
GIVEN BELOW:"

1640 J(1)=0

1650 FOR X=1 TO N

1660 IF A(X)=0 THEN GOSUB 1810

1670 NEXT X:LPRINT "TOTAL CRITICAL ACTIVITIES IN ITERAT

1690 C(X)=0: z(x)-n L(X)=0:G(X)=0:J(X)=0:A(X)=0:NEXT X
1700 NEXT I
1710 END
1720 H$="DURA"
. 1730 OPEN H$ FOR OUTPUT AS #3
1740 FOR I=1 TO
1750 WRITE !3,c|(1),J(1) b
L 1760 FOR X=1 TO J(I)
% 1770 WRITE #3,CRIT(I,X)
1780 NEXT X
1790 NEXT I v
. 1800 CLOSE #3
1810 JACI)=JA(I)+1:CRIT(I,JACI))=X:LPRINT 1 CEIT(! JACL

)
. 1820 RETURN




PROJECHI--EXAMPLE PROJECT

PRED
Eve

29,

33

suce

EvE
3
1
vu
13
17
25
18
29
29
33
37
a7
52
56
=8

s8

BTRATEGIC SCHEDU E

CALENDAR DATE REPORT

sctivity buRa stant Finish
DESCRIPTON . TION Emmvg  LATE Ay | lare
CLEAR GRADE ’ e 01/ 5/84 01/ S/BA 09/ 5/84 09/ 5/84
START ELEC.SY 15 qu 5/B4 16/ 5/84 T30/ 5/84 03/ 6/84
waTER BY8 27 10/ /64, 10/ S/B8 1/ 808 15/ /ee
ELECLSUPPLY 8 317 5/04 06/ 6/4 117 6/84 15/ 4/A
PiEs L s 20 10/ 6/oe 18/ bran 13/ 7ren iss Tss
EXCA.FOOTINGS 13 1o/ 6/B4 30/ 7/84 A/ 7/BA 16/ B/06
RADE BEAMS 10 1/ 7764 167 /84 277 7/88 274 7784
G e S TREIATSEY, TSR Heided
Froon sunes |10 03/ 700 47/ ared 10 7108 300 wrae
ERECT ST.STEEL 20‘ 31/ 8/84 BVI/ B8/84 27/ 9/BA 27/ 9/84
ROOF SYSTEM | 1s 28/ 9/84 28/ 9/84 19/ 10/84 19/ 10/84
BOILER INSTALL 35 22/ 10/84 20/ 12/84 07/ 12/84 07/ 2/85
EAT U VENT. 53 22/ 10/64 22/ 11/84 07/ A/8S 07/ 2/63
ELE.SYS 'Y! 22/ 10/84 22/ 10/84 07/ 2/85 07/ 2/83
oy o 1os 12704 00 2005 7/ 12/08 077 2103
oy o obs 1/e3 0B/ 2/85 07/ 1/83, 077 2/83
oy o oas 2763 oo/ 2/m5 o7/ 2/63 07/ 2183

T

a3

23

as’



2

® s
ECI Y
-w a1
o1 s
o1 &7
&1 sa
b6 &7
6 78

|

67 s
8 70
7 B0
.78 " 80

FLAG POLE

EX. HASONRY

ELEC ROUGH

PIPING

1

10

14

CLOSE IN BLDG 3

Duewy

P wine
LA

PLABTER
FINIBH PAINT

COMPLETE EREX

10

30

crion
20

170

s
o8/

.
22/
o0/
o8/
o0/
20/

28/

E

"

* - INDICATES CRITICAL ACTAVITY

PROJECT DURATION 18

205 DAYE

20w
2/b

2/83
3/m3
3
383
3783
3783
3se3
ase3

ases

ase3

s

20/

22/

oas

o8/

28/

28/

2/

o4

102

2488

s/e3

2/83

e

383

383

3s83

ares

383

am

ares

are3

217 1
077 3/83
il
-
1 v
——
oss es
247 am3

06s 6/83

09/ 3/83

21/

osr

27

o9

20

ob/

ob/

2763

sres

e3

ses

wes

aes

sre3

sres

w



TACTICAL BCHEDU E

PROJECT~---EXANPLE PROVECT

PRED BUCC  ACTIVITY oRa
EVE EVE  DESCRIPTON Tiow
o 1 e s 3
12 smvevaLo 2
2 3 ROUGH GRADE 2
3 & R ww 1
3 & fomD.eLL .
3 9 Exca.fom semar. 10
3 1o Exca.mawo '

3 12 omPo .

4 3 metalwe 2
3 8 uoiwe’ 0
6 7 EmeECT W1 10
7 8 e i 10

8 13 CONNECT PIPING 2

9 11 INSTALL BEWAR 5
1011 INSTALL WK 3
"oz

INSTALI ELEC. DUCT
3

1213 PRLINPFEED B

svan

ALY

o1/

our

10/

"

(2

s/84

s/ea

s/84

s/8a

s/84

s/84

s/ea

s/@4

s/84

sro8

s/84

/84

sr@a

3/84

/84

£y

604

“HROJECT SUMDUL L UIAILA HEHKI = —=nen.

CALENDAR DATE REPORT

o1/

oar

o8/

10/

"

187

29/

o1

317

oar

i

31/

14

30/

30/

oar

"

1
LAt

s/84
s/e4
3784
ase4
sr84
3/84
ssee
sse4
s/84
sr8n
sr64
ss0e
sr04
3/84

/84

sr04

)

EARL

v

FINISH
LAl

03/ B/84 O3/

o7

23/

107

29/

127

15/

30/

177

oar

1ns

/0

/84

E7

5

£z

£y

am

ame

sr04

ar84

/04

304

o/

&

o7/

o9/

30/

16/

29/

29/

ity

o3/

o3/

oa/

[ty

e

380

/84

/84

/84

si8a

/88

a/Be

sr8a

788

/84

/84

/04

s/8a

sr0a

s/Ba

s/8a

w
o
.
o
o
.
.
.
-
“
4
v s
'
.
o s
.
"
a




oo Lo »

[T [
I3 77 EXNCAFOR OFF 3 18/ &84
I3 DRIVE WOIR PHE
10 19/ s
.
IS 16 EXCAPLA M/H S 03/ 7/84
16 17 PORPILE C# S 107 7784
17 18 FORN AND PO 10 17/ 7784
18 19 BAOFILL 3 3/ e
21 FORML POUR AL S 317 7/84
18 22 FORMLPOUR 1L S 317 7/84
\
1920 /e PUmMe s
20 22 uss CoNDUIT s 10/ e
21 22 Dumw o
22 29 FORM L POUR 10 20/ ese4
25 24 SPREAD PLOT 3 s srme
24 73 FORMPOUR & s s
25 .25 B/FLOWPACT 1
26 7 u/s PLE 3 o3/ e
27 28 UL/S CONDUTY ' 107 780
28 29 FORMIPOUR 3 137 e

* — INDICATES CRITICAL ACTIVITY

PROJECT DURATION 18 08 DAVS

/o 1w ame e asue
R

e ar v

03/ 78 0% ee o 7m0

10770 W 7s08

127 e 301 8e 300 7s8

ar ases

1 8see

171 860

ot 8r6e

1or @ 17/ wse 1 Bree

wee i aren

20/ wee 31/ wee 317 Bres

oes wes z5same cor'ores
0w/ w03 e

7oe 200 8ree

21/ 6o o9 me 730 8r8

200 G 12/ 708 0 8r00
5

290 won 170185 31 eve

32

32

32

32



173

—meeem=——PROJECT SOEDLE SIATUS REPORT ——mmmmmm .

TACT 1CAL BOMEDILE

PROJECT ——~-£XAMPY € PROJECT

MORXDAY REPORT

.
PRED BUCC ACTIVITY - DU sranr riniem
EVE EVE | oSCRIPTON TN Emy e v Late "
o 1 aew s 3 ' ' = 3 o s
. ‘ 2 smvevaLo 2 . . s s o s
|
2 3 oo oee 2 . . 7 7 o s
3 4 oaL wew 5 ° 22 n o s
©3 s FomD.we “ . L} 2 [
3 v ocAFRmEMR. 10 8 2 17 2 .
3 10 ExcA.mamo ' " 2 L 21 .5
3 a2 .PoLE . . 2 3 £
4. 3 netALwr 2 B £ 2 2 °o s
s 8 @ 8 n = 32 32 o s
& 7 T w1 10 2 13 2 22 '
- 7 B e e v = 23 3 32 '
® 13 cowecT PIPING 2 n 33 3 |30 o s
i
° 11 meTALL stwam 3 " 22 22 2 4
10 1- peTALL M 3 . 2 13 2 "o,
¢ 111z néiALL eec.ouct
‘ p 3 7 2 z 20 .

.12 13 PULIN P/FEED B » 30 so 34 )




21

23

28

27

PROJECT DURATION 18

»

INDICATES CRITICAL ACT IVITY
N

o Lo
€xcarom oF
oAIvE aean PILE
Excaria wH

POR PILE C
Fom men Poue’
mariLL

FOW & POR /L
For & PO T
s e

urs covepury
ot -
Fom & Pow

SPREAD PLOT

B/FLcOreACT
urs e
/8 conpuIT

FomuPOUR

10

00 pavs

174

33

7

7

e

3y

g8 % 3

32

32

32

32

32




PROJECTCALENDAR

1984
Inmasnny FemmuaRY
M MOW TE MED THU FRT AT ® BN oW TIE MED TWI FRI BAT
nancy . eIl
© BN MON TE MED T FRI BAT ® BN FON TIE WD TW FRI EAT
i
nav e
® SN MON TLE MED THU FRI AT ® BN rON TIE MED T FRI SAT
« o 1203 e
¢ 3 7 s 10 11 3 8 7
« 103 14 13 18 17 18 1oz 13 Moas
13 21 2 23 w7 18 19 20 20 22 °
« 201 2 2 3% 3 2 27
TR A aoUsT
® BN MON TE MED THU FRI BAT * BN MON TUE MED T FRI BT
2 3 a . « o i 23
10 11 12 13 « 10 s 7 8 %10
¢ 7 1314 1 17
o 20 21 22 23 24
(e - 27 2 3 31

. " sMroN FRI AT
s 1 s
e 3 &4 3 & 2 ° 12
« 94y 10 11 12 13 14 5 19
« 993 17 10 19 20 21 22 26
<108y 24 3 26 27 28 . 29
. " s mON FRI 8aT
‘
‘ 7
« . A0 a
01 ' 21
‘ 24 EC)
3




W

173

PROJECT

SJmamay

176

cat

C1ee

TUE D THU FRI BAT

TUE WD THU FRI, BAT

s
12
19
26

6 7
1314
20 21
27 28

nay

8
13
22
29

TUE WED THU FRI BAT

TUE WED THU FRI BAT

i
18

v

101
17 18

3
10

3
12
19

23 2 23
30 W

sePTENBER

TUE WED THU FRI BAT

10
17
2

.
1" a2
m 19
2 28

»
13
2
2

TUE WD THU FRI BAY"

EnDAR

o BN oroy TE

® BUN MON TUE

s
12

19 -
28

FRI BAT




m APPENDIX D

pay pate vo. TRV CTX-W

H

DAN REACHED ELEVATION 372.22 ON O3/ 3/84 WHICH 18 PROJECT DAY 33

CONSTRIUCTION PROGRESS "

pate wesT Dan LEVEL

12/ 6104
13/ 6/84
Vas aiRa o
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Copyright Information
	007_Title Page
	009_Abstract
	010_Acknowledgements
	011_Table of Contents
	012_Table of Contents iv
	013_List of Figures
	014_List of Figures vi
	015_List of Tables
	016_Chapter I - Page 1
	017_Page 2
	018_Page 3
	019_Page 4
	020_Page 5
	021_Page 6
	022_Page 7
	023_Page 8
	024_Page 9
	025_Page 10
	026_Page 11
	027_Page 12
	028_Page 13
	029_Page 14
	030_Page 15
	031_Page 16
	032_Page 17
	033_Page 18
	034_Page 19
	035_Page 20
	036_Page 21
	037_Page 22
	038_Page 23
	039_Chapter 2 - Page 24
	040_Page 25
	041_Page 26
	042_Page 27
	043_Page 28
	044_Page 29
	045_Page 30
	046_Page 31
	047_Page 32
	048_Page 33
	049_Page 34
	050_Page 35
	051_Page 36
	052_Page 37
	053_Page 38
	054_Page 39
	055_Page 40
	056_Page 41
	057_Page 42
	058_Page 43
	059_Page 44
	060_Page 45
	061_Page 46
	062_Page 47
	063_Page 48
	064_Page 49
	065_Page 50
	066_Page 51
	067_Page 52
	068_Page 53
	069_Chapter 3 - Page 54
	070_Page 55
	071_Page 56
	072_Page 57
	073_Page 58
	074_Page 59
	075_Page 60
	076_Page 61
	077_Page 62
	078_Page 63
	079_Page 64
	080_Page 65
	081_Page 66
	082_Page 67
	083_Page 68
	084_Page 69
	085_Page 70
	086_Page 71
	087_Page 72
	088_Page 73
	089_Chapter 4 - Page 74
	090_Page 75
	091_Page 76
	092_Page 77
	093_Page 78
	094_Page 79
	095_Page 80
	096_Page 81
	097_Page 82
	098_Page 83
	099_Page 84
	100_Page 85
	101_Page 86
	102_Page 87
	103_Page 88
	104_Page 89
	105_Page 90
	106_Page 91
	107_Page 92
	108_Page 93
	109_Page 94
	110_Chapter 5 - Page 95
	111_Page 96
	112_Page 97
	113_Page 98
	114_Page 99
	115_Page 100
	116_Page 101
	117_Page 102
	118_Page 103
	119_Page 104
	120_Page 105
	121_Chapter 6 - Page 106
	122_Page 107
	123_Page 108
	124_References
	125_Page 110
	126_Page 111
	127_Page 112
	128_Appendix A
	129_Page 114
	130_Page 115
	131_Page 116
	132_Page 117
	133_Page 118
	134_Appendix B
	135_Page 120
	136_Page 121
	137_Page 122
	138_Page 123
	139_Page 124
	140_Page 125
	141_Page 126
	142_Page 127
	143_Page 128
	144_Page 129
	145_Page 130
	146_Page 131
	147_Page 132
	148_Page 133
	149_Page 134
	150_Page 135
	151_Page 136
	152_Page 137
	153_Page 138
	154_Page 139
	155_Page 140
	156_Page 141
	157_Page 142
	158_Page 143
	159_Page 144
	160_Page 145
	161_Page 146
	162_Page 147
	163_Page 148
	164_Page 149
	165_Page 150
	166_Page 151
	167_Page 152
	168_Page 153
	169_Page 154
	170_Page 155
	171_Page 156
	172_Page 157
	173_Page 158
	174_Page 159
	175_Page 160
	176_Page 161
	177_Page 162
	178_Page 163
	179_Page 164
	180_Page 165
	181_Page 166
	182_Page 167
	183_Page 168
	184_Page 169
	185_Page 170
	186_Page 171
	187_Page 172
	188_Page 173
	189_Page 174
	190_Page 175
	191_Page 176
	192_Page 177
	193_Blank Page
	194_Blank Page
	195_Inside Back Cover
	196_Back Cover

