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SECTION I: PRECAST FACTORY DESCRIPTION
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Introduction

This report presents the operations of a precast panel factory, Perma Betonila at Kangasila,
surveyed in Finland. Quite a few activities at this factory are considerably automated, especially
those related to material transportation. This is among the advanced precast factories in the world
for the manufacture of precast panels, for which a simulation model is written in CYCLONE to

presented and depict the operations of this factory.

The aim of this research is to study innovative prefabrication methods for mass housing, using
concrete components. The operations at this factory are used as a backdrop for innovative design
of operations of a more responsive factory — one that can turn out panels with high agility, since
mass housing to overcome world housing shortages requires rapid production systems. This

report deals exclusively with the operations of this factory and a simulation model of it.

Premise

A major premise of this thesis is that mass housing is appealing only if there is architectural
variety (Singh, 1998). To attain to this aim, the components of buildings must be individualized,
in contrast to being standardized. Individualizing the components is conventionally a more
complicated production task than is standardized production. Nevertheless, with the application
of modern flexible manufacturing techniques and automated assembly of panel components,
individualization can be achieved. The plant design is more complicated, as a result, and requires

substantial automation to be practical, but is achievable.

It is presumed that concrete Dwelling Units (DU’s) will be made of large concrete panels that are
Jointed using mechanical jointing as given in Singh and Yousefpour (1998), Singh et al. (1999a),
and Singh et al. (1999b). These joints and associated parts, anchorages, etc. will need to be
embedded during the precasting process. Embedment is possible at the Perma Betonila plant and
at other more automated plants, and such a facility is required in any ideal prefabrication plant.

Among other things, this report will illustrate examples of embedment.

Factory Response

It is imperative that any prefabricated plant producing large panels should have a high turnaround
rate and high response. Thus, forms, materials, and appropriate beds for casting should be made
available at high speed, with the least waiting time. Appropriate labor should also be available.

All equipment and production resources should have high utilization and low idle time. The
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challenges to cater to a fluctuating market demand for panels in a free economy are enormous.
One factory may be able to produce the needs of 10 million populations. Obviously,

prefabricated plants will have to be strategically located around the world.

A responsive factory will need to have intelligence wherein information on incoming needs and
new requirements can be input and executed promptly. By no means should it be construed that
the factory will be 100% automated. Automating prefabrication is very challenging, and flexible
casting in manufacturing has not been achieved, though it has been spoken about. Precasting of
concrete panels is nothing less than the molding and casting process in manufacturing with

additional assembly afterwards.

Specific Response Operations
The major tasks, activities, and operations for which the factory needs to be responsive are briefly

identified below:

Bed set-up

Selection of forms

Placement of forms

Placement of insulation and embedments
Placement of box-outs

Concrete placement

Concrete troweling

Curing

2 o = o [ B b I =

Form removal and panel retrieval

—
=

. Surface treatment, where necessary

—
—

. Panel storage and delivery

—
[\

. Form manufacture and maintenance, and

—t
[0'9)

. Transport of panels from station to station

The above operations are generally carried out in the sequence listed above, and are reflected in

the production flow described later in Figure 1.
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Work Station concept

A fundamental concept of flexible manufacturing is the work station concept (Singh, 1990).
These workstations are specific locations that perform specific tasks and operations on the work
piece (the panel). Different stations have different capabilities, some more, some less. It is
necessary to know the sum total of operations that have to be performed on a panel, and in which
sequence, so that the proper instructions can be carried out precisely. The design of workstations

has to be judiciously laid out so that travel time of work pieces is minimized.

Workstations may be designed in direct relation to the operations that are to be performed. In
precasting of panels, the nature of operations are generally known, since we know that the panel
will require all the operations listed earlier, to varying degrees. It is quite logical to design the
workstations according to the operations that will be required in a prefabrication factory for large

panels. Thus, it is logical to see the following workstations:

Casting beds

Form allocation

Material storage

Concrete placement

Concrete troweling

Curing

Form removal and panel retrieval

Surface treatment, where necessary

S O

Panel storage and delivery
10. Form manufacture and maintenance

11. Transport of panels from station to station

Flexibility Concepts

“Flexibility” in a production plant is important because it indicates that the plant is capable of
performing multiple tasks with quick response. There are many types of flexibility; some of the
more relevant ones concerning production are described below (Singh, 1994; Singh and Ebeling,

1995; Singh and Talavage, 1991):

Mix Flexibility: This is the ability of a plant to handle different types of orders. In the

case of the prefabricated factory for large panels, this would mean the

Amarjit Singh 5 October 1999



ability to handle panels of different sizes or different designs, for use in a

variety of locations.

Resource Flexibility:  This is the ability of the wok stations to handle multiple operations at
that workstation itself. For instance, a workstation that can handle
concreting and troweling at the same station is more flexible than one
that can handle only one of those activities. Oftentimes, workstations are
dedicated to perform only one operation, since multiple operations are

probably impossible for them.

Routing Flexibility: This is where the work pieces can be diverted to one of many alternate
workstations that perform the operation needed. Usually the nearest

workstation is preferred to minimize travel time.

Factory design can be undertaken around the central principle of flexibility, since it facilitates

automation and quick response.

Production Flow

The production flow on the factory floor will follow the routine described in Figure 1. A critical
point to understand is that the panel designs probably change from order to order. This is
characteristic of “feature technology,” where the features of the work piece are varying, yet the
factory has to respond to the requisite demands. These varying designs imply different materials
will have to be used for the panels, therefore the applicable materials must be in storage for
production to be without delay. The panels will require different forms and box-outs, so such
items must either be on hand or be capable of being manufactured quickly. Some orders may be
large, some small. Congestion and long queues of work pieces should be avoided because stalled
work has many adverse consequences. Time must be accurately estimated, although workers
may be doing much of the work instead of machines. Shop floor foremen will be required at
multiple stations. Typically, it is reasonable to expect large plants that are 150 meters long and
50 meters wide. It may be quite some walking for a floor supervisor to do during a day’s work!
The work can be physically exhausting; therefore, good estimation and scheduling are very

useful. Process simulation is vital to understanding the production flow in the factory.
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Work Stations at Perma Betonila
The flow at the Perma Betonila factory incorporates a few of the above ideal production flow

features described above. A sketch showing the floor layout of the plant is provided in Figure 2.

Among the special features of the layout here, is that form and box-out placement, insulation
placement, and material embedment are all done in the same type of station. Further, there are
multiple stations (up to 12) where these activities can be undertaken. After the facade is poured,
the casting bed can be brought back to any one of those 12 stations, whichever is free. This is a
worthwhile flexibility in the production system, since it grants “routing flexibility” to the work

piece, allowing travel distances and time for travel to be reduced whenever possible.

Transport System

The factory is split into “West” and ‘East” bays, separated by a long corridor that is utilized only
for automated casting bed travel and movement. It is important to recognize that the casting bed
is a large platform that accommodates the panel to be cast. The size of the platforms can be
20°x15’, to give an example of the possible dimensions that may be encountered. Having to
move such large platforms without a prompt and versatile transport system would greatly reduce
mobility and production times. The transport system employed here is rollers along the corridor.
Platforms are side shifted from the stations to the corridor and side shifted again at whichever
station the platform is desired to be unloaded. Among the activities that are required for the

platform are

® picking up of forms,
® transport to casting station,
® transport to placement and embedment stations, and

® transport to finishing station, curing station, and retrieval station.

Troweling and Curing

In addition to the large sprawling size of the first floor of the factory, the factory has two-and-a-
half floors. The ground levels comprise all workstations except troweling and curing. The curing
station is located in the basement floor, while the troweling station is located on a mezzanine
between the basement and ground floors. There are two reasons for this: one, that curing is a

long-duration activity (up to 24 hours in the factory), requires steam, and so has to be cordoned
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off from the rest of the factory lest the steam and pressure escape. Secondly, because curing is a
long duration activity, all the platforms carrying panels collect together; this requires a lot of
space that is available only if a large space is dedicated to it. Thus, the entire basement floor is
devoted to curing. It is logical to position the troweling station on the mezzanine since troweling
is an activity just before curing. Panels being moved downward on platforms for curing after

casting, can halt briefly at the troweling station.

Perma Betonila uses workers to perform hand troweling. In the future, it can be visualized that

automated machine trowels will be used.

Woodwork Station

There are two dedicated woodwork stations, one large, and one small, shown in Exhibits 5, 6, and
7. Whenever certain types of forms or box-outs are not available, they can be made at these
workstations. It was observed that this workstation has few machines and none of the modern
automated woodwork machines. The woodwork machines here are mostly for making
customized wood pieces with manual effort. Surely, the productivity and output at this center can

be enhanced with additional woodworking machines.

Storages

There are large areas dedicated to material storages, as seen in Exhibits 11, 12, and 13. These
storage racks have to be kept fully stacked in order to optimize production and throughput. Items

stored are those such as rebar, insulation, and embedments.

Another large storage area is dedicated to wooden forms and box-outs, as seen in Exhibits 1 and
26. Storage of inventory, such as for embedments, is in contrast to just-in-time delivery that

many Japanese prefab plants adopt.

Concreting
A batch plant is located adjacent to the factory building. A piping and pumping system connect

flow of concrete from the batch plant to the casting station. Concrete is capable of being mixed at
this batch plant in small and large quantities, so that dedicated pours can be executed. This
prevents waste when the time gap between different pours is large. Thus, the operations of this

batch plant need also are properly synchronized and automated.
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Illustrated Explanations of Production Flow

The flow of work pieces through this factory and details of workstations and other
operations is illustrated and described through the following scanned photographs. The layout of
the plant as given in Figure 2 must be understood in order to grasp the explanations provided
here.

Exhibit 1 illustrates the form station where the entire operations begin and end. This
station has been designated Point A in the layout of Figure 2. Forms are stacked here after they
have been washed and cleaned after use. When details and drawings for a slab have been
completed in the design office, a bed is automatically moved to this form location where the

appropriate forms are selected and placed on the bed by a worker.

Exhibit 1. Point ‘A” of layout: Form storage, stacking, and retrieval station.

iForm Stacking
‘Station and-Racks

Point A"

Exhibit 2 is at Point A’ — in between Point A and Point B. To the left of Point A’ at the
ground level is the transport corridor; to the left at the mezzanine level is the plant’s maintenance
and operations control office.

Exhibit 3 shows Pont A’” — the transport corridor that goes longitudinally along the entire
length of the plant and divides the plant into an east and a west division. Platforms can be side
shifted from stations into the corridor and then side shifted again. At any one time, more than one

platform can be moving along the corridor, so long as their paths or destinations do not collide.
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For instance, a platform could be moving from Point L to the concrete station, while another

platform could be moving from Point A to B.

Exhibit 2. Point A’: Shows maintenance section at mezzanine level

Level for Process
Control and
Supervision

s Operations

i, 55

g Upper Mezzanine
i
4
;%5

i Transport
Corridor Rails for
side shifting

Point A

Exhibit 3. Point A’’: shows transport corridor
(at rear end, a platform can be seen straddling the corridor)

Platform in

Point C motion

Transport £oh
Corridor _?om_t A
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Exhibit 4 is at Point B looking South— the first platform workstation in closest proximity
to the form station (Point A). There are other equivalent platform workstations along the east
bay, so that simultaneous work can be carried out on multiple large panels. A worker can be seen
securing forms. Notice also the dark lines on the floor in the foreground. These are rails for side

shifting the panels.

Exhibit 4. Point B: shows ongoing work of setting forms on platform by worker.

Exhibit 5 is also at Point B, but shows Woodshop 1 at Point D in the background.
Exhibit 6 is a view from Point B looking North that shows Woodshop 2 at Point C, adjacent to
Point B. Exhibit 7 is a close-up of Woodshop 1. It will be observed that both these Woodshops
do not have automated machines and that Woodshop 2 is much smaller than Woodshop 1. There
is thus definite scope at this plant to improve the woodworking facilities used for making and
modifying forms.

Exhibits 8 and 9 are taken looking from Point B towards Point A. A platform has been
brought in and is being side shifted to the form station for picking up forms. In Exhibit 8 the
platform has been completely moved away from the transport corridor, but the base trolley is still

there.
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Exhibit 6. View of Woodshop 2 at Point C.
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Exhibit 7. Close-up of Woodshop 1 at Point D
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Exhibit 8. Looking at Point A from Point B: shows a platform being side shifted.
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Exhibit 10 illustrates a workstation at Point E, where the workers are conferring about the
next stage of work. It might be noted that in a completely automated factory, such worker
conferences are eliminated; other work stoppages can also be expected to be minimized when
continuous production is demanded and when automated production systems are used.

Exhibit 11 is a view from the Woodshop 1 looking North and viewing the material
storage racks. These racks store consumable items such as insulation, piping, electric wiring and
boxes, and such other embedments that are a fundamental part of large panels. Workers take

needed materials from the racks as required.

Exhibit 10. Work Station at Point E

= Material Storage
Racks
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Exhibit 12 and 13 are views of the material racks from different locations. The panel

workstations are to the right and left of the picture, respectively.

Exhibit 12. View from Point F looking North, looking at Material Racks and Other Panel Bays

Material Stomgg
Racks

Exhibit 13. View from Point J looking South to Bays and Material Racks;
Woodshop 2 is in the far distance

Material Sr;;rage
. Racks

g

Point J

Exhibits 14 and 15 are further into the plant, looking South, and they illustrate the other
panel stations. The batch plant station can be seen at the far end of the view. All panels must

visit this particular batching station for concreting. Exhibit 16 is taken at Point N of the factory.
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Exhibit 14. Pane] Station at Point L of the factory, looking South at the Batch Plant

Amarjit Singh
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Station .

—
P

Poured Concrete
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Exhibit 17 shows embedments and other box-outs in a panel. Exhibit 18 shows the
concrete finishing station at the lower mezzanine. It’s too bad that automated finishing is not
practiced at this factory. However, the production manager claimed that hand finishing was able
to meet the demand at this plant.

There is no photograph for the curing station since it was not easy to get into the steam-
cured room. However, as Figure 2 shows, the curing room is very large, designed to

accommodate numerous panels at one time.

Exhibit 17. Illustration of embedments by way of concrete spacers
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Exhibits 19 through 22 illustrate the tilt-up station. Work at this station is activated once
curing is complete — after 24 hours — and a panel is ready to be given final finishing or shipped
out. In the curing basement, panels are automatically transported to the tilt-up station. Then the
tilt-up station emerges from the basement level, the platform is tilted, and an overhead crane
removes the panels from the platform and stacks them by the side. A supervisor monitors the

operations.

Exhibit 19. The Tilt-up station: work in progress.

Exhibit 20. Small panels being removed at Tilt-up station
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Immediately after the tilt-up and panel removal process is completed, the platform is
cleaned. This is an important operation and ensures platform longevity and concrete finishing

accuracy. Exhibits 21 and 22 illustrate this.

Exhibit 21. Form cleaning in progress at the tilt-up station.

Exhibit 22. Water nozzle being prepared by worker to wash platform at Tilt-up station
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After the tilt-up station, the prefab panels must go for final finishing works as specified
by the architect. Thus, if aggregate exposure is required, then the concrete surface must be
pressure washed. If no finishing is required, then the panels are taken straight to the stacking
yard, which is a semi-open stacking yard outside the main plant. The panels are carted away by
large forklift trucks; A horizontal platform is first placed on the forklifts; panels are placed on the
fork lift trucks by overhead cranes and removed at the storage yard by mobile cranes.

The stacking yard is visible in the photograph on the cover page of this report, on the
right side of the picture.

Exhibit 23. Example of finished panel after tilt-up
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Exhibits 23 to 25 illustrate activities at Point ‘S’ — the stacking location next to the tilt-up station.
Exhibits 26 to 28 illustrate form-washing activities at Point ‘W’ at the form-washing station.
Essentially, the long panel side forms are laid over stands to give them a thorough cleaning.

Form cleaning is very heavily emphasized at this plant.

Exhibit 25. Point ‘S” — the stacking location next to tilt-up
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Exhibit 27. Form-Washing station

Exhibit 28. Form-washing station.
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TART: Panel Orders arrive

A 4

Orders are sequenced by priority

FIGURE 1. Production Flow

Forms are identifiedi«

—pBed is located

v

Bed is transported to beginning station

Forms are loaded on the bed[*

Bed is transported to form
locationing station

v

Forms and box-outs are set-up

v

Transport bed to concrete station

v

ake form workers ready

Set batch plant y€———]

Pour concrete facade [%

v

Transport to troweling station

Trowel

Make troweling
machine (worker) ready

‘7

v

Transport to curing station

v

Steam cure

Curing I* time Curing done

e

4

Transport to station for placing insulatio
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Place and secure insulation

Get embedments
Get reinforcement

Place embedments
(such as anchorage and mechanical joints)

Place reinforcement
A4

\ 4
Transport to concrete station Set batch plant

h 4
Pour concrete [€—

Tilt-up worker ready Transport to tilt-up
...... Tilt-up and retrieve panels
Have transport ready
A 4
Transport panels to surface finishing Retrieve forms
Finish Workers ready < ash Worker ready\®——
T h 4
Finish panels Wash forms
-

Transport to storage/delivery Place forms in storage

N
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SECTION II: ECONOMIC ANALYSIS OF
PRECAST/PREFABRICATED FACTORIES
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Economic Basis of Precast Concrete Production

The costs of fulfill world housing shortage needs using automated precast factory production
depend on the type of plant being employed, its level of automation, and the country where it is
being constructed. Whereas the obtaining of costs of construction for all countries has proven to be

an impossible task, some fundamental estimates can, nevertheless, still be made.

The cost analysis of the production of precast panels has two major components — wall elements
and slab elements. Depending again on the prevalent culture in a particular country, the estimation
of these two components may be different. In Finland, Scandinavia, and Northern Europe, for
instance, there is a strong culture to use hollow slabs. This isnotsoinJ apan, where industrialized
housing is very advanced and where factories are the most automated compared to any other region

of the world.

For this research project, it has been estimated that slabs should be “solid slabs,” while using the
cam nut and cam screw method of jointing. Therefore, analysis will be restricted to the costs of
production of a single type of production unit. The only difference between wall units and solid

slabs is that external wall units have insulation and fagade.

In the analysis, an estimate will be drawn of the number of plants needed in the world, and their

approximate cost of construction.

Precast construction has a much greater promise than traditional construction for another major
reason: productivity at work sites in Northern Europe has not increased for the past 20 years,
whereas productivity at precast factories has increased 240%. The leveling off of productivity

improvement at work sites has also been observed in North America and other developed countries.

Whereas, production analysis has been made of a Finnish plant in this report, the narrative will
provide an illustration of estimating production costs of an ideal plant for future planning purposes.
This is done with the aim that there may be better cost-benefits through using the ideal plant rather
than using conventional plants. However, Table 1 provides a cost comparison between the three
types of plants considered — the Finnish precast concrete plant of Perma Betonila, a Japanese
precast concrete plant of Taisei Prefab Ltd., and an ideal plant of National House. For the ideal

plant, a Japanese plant of National House in the Kyoto region will be considered as a base model.
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Economic Analysis of Precast Production

Moderate to lightly automated plants, such as the Perma Betonila Plant in Finland, cost an
estimated US$35 million to construct and produce three dwelling units per day per work shift.
More automated plants in Japan, cost an estimated US$200 million and produce 30 dwelling units
per day per work shift (prices have been adjusted to represent construction cost in United States so

as to have a common base for comparison).

However, it was observed at both Japanese and Finnish plants, that full utilization was not
obtained. Finnish plants did not use modern production management tools such as process
simulation, while Japanese plants, constructed in 1997 were still going through teething problems.
Production flow operations were seriously flawed in both countries. Routing was not optimum,
waiting times were high, and material delivery often stalled work. It can be safely projected that
with managerial and technological improvements, both these plants can operate at twice their
capacity. If two shifts per day are assumed, it is not unreasonable to estimate that the overall
production will be quadrupled compared to existing production levels. Furthermore, with
improved and advanced technology, the production capacity can be anticipated to be further
doubled, making for an eight-fold improvement. For the Japanese plant, this means a production
level of 240 DUs per day.

From the cost and production comparison of the Finnish and Japanese plants, it is obvious that the
Japanese plant is more cost effective. Over a life of 50 years, this plant will produce 50*7500 =
375,000 DU’s.

In the long run, the heavy automation of Japanese plants, which require very little manual
intervention, present the promise for the future. It is further anticipated that with mass construction
of automated plants, and future technology improvements, that the cost of plant, equipment, and
construction of heavily automated and computer-integrated precast plants will come down bya

factor of 1.5. This implies that the US$200 million plant will cost $133 million.
Each apartment, or dwelling unit, is assumed to have a typical size of 100 square meters (sq.m.).
Moreover, at 240 DU’s per day at improved speeds, a future plant will produce 240 DU’s per day *

250 work days per year = 60,000 DU’s per year.

Assuming that the world housing shortage has been correctly estimated at 200 million dwelling

units per western standards, and hoping that this shortage may be overcome in 100 years, implies

Amarjit Singh 28 October 1999



that 200,000,000/100 = 2,000,000 DU’s need to be constructed per year. Therefore, only
2,000,000/60,000 = 33 such production plants are required in the world. These many number of
plants can thus be constructed for an investment of 33*US$320 million = US$10.6 billion. This
amounts to an investment of $53 per DU (Table 1). In the opinion of the author, this is a paltry and

insignificant amount for nations to invest for a major social problem such as world housing.

Number of Plants per Population and Recommendation

At a shortage of 200 million dwelling units by current standards, one billion of the world’s
population needs adequate housing, assuming that there are an average of 5 occupants per dwelling
unit. Therefore, among the areas where there is shortage, production plants need to be distributed
at the rate one production plant for every 33 million population if the shortage is desired to be
overcome in 100 years. The number of plants should be doubled to 66 if the shortage is desired to
be overcome in 50 years instead. Even then, the investment of US$10.6*2 = US$21.2b is
extremely insignificant compared to the amounts spent on defense and other programs. To think
that the world housing shortage could be wiped out with that type of investment means a lot for the
upliftment of the quality of life in the world. It is strongly recommended that the United States
government, through the U.S. Department of Energy, implement a nationwide program of

construction of automated and computer integrated production plants for factory housing.
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SECTION III: PROCESS SIMULATION OF FACTORY
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Process Analysis through Process Simulation

A simulation analysis of the Perma Betonila factory at Kangasala has been made using CYCLONE
simulation language and it’s corresponding software — MicroCYCLONE (Halpin and Riggs, 1997).
The analysis covers resources and flows as occur in the factory. The resulting production rate,
approximately 4.81 panels per hour, or approximately 2.5 to three buildings per day, is
representative of actual flow discovered at the factory and is as included in the economic analysis

of Table 1.

The flow that has been modeled is taken from Figure 1. The CYCLONE model itself is given in
Figures 3 and 4. The input code and programs are given in Appendix 2. Five simulation reports of

MicroCYCLONE (Halpin, 1990) are provided for each of the input programs in Appendix 2.

An electronic copy of the data and input file for MicroCYCLONE - the software that models
CYCLONE - is provided as an attachment to this report.

Interactive Models
Two segments of the model have been provided: segment 1 in Figure 3 and segment 2 in Figure 4.
Segmentation is necessary, since MicroCYCLONE can handle large networks only through

segmentation. The output of production rate from segment 1 is used as input for segment 2.

Resource Modeling

The following resources have been considered and modeled accordingly in the two segments:

e Processing Beds 12 nos.
e Engineers for Prioritization 2 nos.
e Platforms 5 nos.
e Control Station Superintendents 3 nos.
e Form Workers ' 7 nos.
e (Carpenters S nos.
e Rebar Crew 2 nos.
o Fork Lift 1 nos.
e Batch Plant 1 nos.
e Finishers 3 nos.
e Tilt-up Station 1 nos.
e Washing and Surface Finishers 3 nos.

The number of resources allocated reflects observations made at the production plant.

Certain assumptions in the allocation of resources are given below:
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1. Six beds are used for the first stage of the operations (till Cure-1 is over), while the
other six are reserved for the second stage of work (installation of insulation and rebar
for load bearing wall if panel is not a slab).

2. The batch plant is always assumed available for making the second pour.

3. The number of platforms is deliberately reduced in Model 2 to prevent overly
optimistic production behavior, since there are traffic management contingencies
involved that have not been modeled.

4. Curing beds are always assumed available, since a large amount of space for curing is

available at the basement levels of the factory.

Duration Modeling

It 1s discovered that the plant has a backlog of orders. Hence the interval for generation of panels is
not a critical issue and has therefore been left as a deterministic duration. Prioritization and
recording of work is standard procedure that is again assumed deterministic. In short, work tasks
that are non-critical, work tasks that have very short durations (such as two minutes), and work

tasks that have very long durations (such as curing) are all taken to be of deterministic duration.

Besides the above deterministic durations, all other work tasks have probabilistic durations.
Triangular distributions have special favor in construction operations owing to the methods used in
estimating costs and usage of PERT in scheduling. Thus we see that most non-deterministic work
tasks have triangular distributions. Those that can be more clearly assigned an upper and lower

limit, without mean value, are given a uniform distribution.

Duration sets have been obtained from actual factory observations and estimates provided by the

factory representatives.

The total simulation has been undertaken for 34560 working minutes, which amounts to 3.27

months of work given a five-day work week and assuming 22 work days to a month.

Cost Analysis
The cost of materials and non-fixed resources have not been calculated owing to dearth of data.
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Performance of Model

The production rate amounts to 39 panels per day, which is equivalent to 2.78 dwelling units per
day. The production rate claimed at the production plant was 3 buildings per day at the optimum,
but it was believed that the production rate actually fluctuates between 2.5 and 3.0 dwelling units

per day. Therefore, the output of the simulation model is quite accurate.

It was observed that the major resources — carpenters, form workers, and beds were always ‘on the
move’ or occupied. Thus, very little idleness was observed for those resources. This is very well
borne out in the simulation results, where carpenters have 95.5% utilization, form workers —

99.4%, and beds — 99.7%.

Resources such as batch plant and fork lift are considered to have supportive roles and are not
therefore utilized fully, which is also borne out in the results. Utilization of batch plant is 40.1%,
while that of the forklift is 40.6%.

Comments for Further Study

Additional studies are recommended for obtaining precise data of duration and resource sets of
more fully automated tasks. More detailed simulation analysis using SLAM can be undertaken in a
future study. Imaginative factory designs for improved flow and increased intelligence can also be

created.
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Figure 3. Interactive Simulation Model in
CYCLONE - Segment 1 (3 pages)
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Sumsary and Conclusions

This report presented the layout and production flow of an automated precast manufacturing plant
for housing panels. Panel production is assumed to have significant potential for alleviating the
housing shortage in the world, which stands at an astounding 200 million dwelling units. The

production analysis is followed by a cost and simulation analysis.

It is discovered that the automation of precast panel production contributes to increased production
speeds, but that further improvements can be realized through improved flow and resource
management and through the availing of future technologies. The cost analysis revealed that it
costs from $36 to $107 per dwelling unit to construct, equip, and run a production plant. These
costs do not include the cost of materials and labor for panel production that must be considered
separately. However, the insight brought out is that factory construction itself is a Very inexpensive
part of the production process and is thus easily affordable. It is strongly recommended that further

studies be launched by the United States Government to explore this aspect.

Newer technologies are fast developing, especially in Japan, where heavily automated and
robotized plants have the future potential to produce 60,000 dwelling units per year. Using such
plants, only 33 plants will be required in the whole world to completely overcome current world
housing shortage in 100 years. Thus, there would be one such plant for every 30,000 population
(for current world population). It is interesting to discover that an investment of only $11 billion
today can cater to all factory construction and maintenance needs for supply of worldwide housing

to overcome existing shortage.

The simulation analysis is aimed at reflecting plant production, and thereby arriving at important
production statistics. The simulation output reveals that resource utilization and production rate are
representative of actual plant production parameters. The plant produces approximately three

dwelling units per day.

The simulation analysis helps us discover weaknesses and strengths of the existing production. To
increase production, we can interpret that increased beds and improved automation that reduce
duration sets of work tasks will be able to increase the production levels and improve throughput.
Automation can be implemented in areas such as formwork washing and retrieval, rebar placement,

insulation placement, and concrete panel finishing among other possible tasks. This is only from a

Amarjit Singh 39 October 1999



production flow viewpoint, and no cost analysis of production has been undertaken owing to

insufficient materials cost and labor costs data.
This report fulfills a major objective and task of the research project titled “Applying Computer

Integrated Flexible Manufacturing to Planning and Constructing Economic, Energy-Efficient, and
Architecturally Flexible Mass Housing for the World.”
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Appendix 1. Additional Illustrations

Figure Al. Exterior view of Perma Betonila plant at Kangasala
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Appendix 2. MicroCYCLONE Reports
The following reports are provided here, in the following sequence:

Model Segment 1
Network File (named FACT2)

MicroCYCLONE Report # 1: Report on Elements Sorted by Order
MicroCYCLONE Report # 2: Cycle Monitoring (first 100 activities only)
MicroCYCLONE Report # 3: Production by Cycle (first 200 activities only)
MicroCYCLONE Report # 4: Process Report

MicroCYCLONE Report # 5: Network Logic Report

Model Segment 2
Network File (named FACT4)

MicroCYCLONE Report # 1: Report on Elements Sorted by Order
MicroCYCLONE Report # 2: Cycle Monitoring (first 100 activities only)
MicroCYCLONE Report # 3: Production by Cycle (first 200 activities only)
MicroCYCLONE Report # 4: Process Report

MicroCYCLONE Report # 5: Network Logic Report
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Segment 1 Reports
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PROCESS: FACT2

NAME 'FACT2' LENGTH 34560 CYCLE 3600

LINE 1

LINE 2 NETWORK INPUT

LINE 3 1 QUE 'GENERATE PANELS' .

LINE 4 2 COMBI SET 1 'GENERATION INTERVAL' FOL 15 78 PRE 1 78
LINE 5 3 FUNCT COUNT QUANT 1 FOL 78

LINE 6 4 QUE 'ENGRS AVAILABLE'

LINE 7 5 QUE 'READY TO PRIORITIZE'

LINE 8 6 COMBI SET 2 'ASSIGN/PRIORITIZE PANELS' FOL 4 20 71 PRE 4 5
LINE S 7 COMBI SET 3 'IDENTIFY PLATFORM' FOL 11 PRE 10 21

LINE 10 S QUE 'PLATFORM AVAILABLE'

LINE 11 10 QUE 'CONTROL STN. ENGRS. AVAILABLE'

LINE 12 11 QUE 'READY TO GET PLATFORM'

LINE 13 12 QUE 'FORM WORKERS AVAILABLE'

LINE 14 : 13 COMBI SET 5 'IDENTIFY FORMS/REBAR SCHED' FOL 22 24 PRE 12 20
LINE 15 : 14 COMBI SET 6 'TRANS FORMS TO PLAT' FOL 19 PRE 22 23
LINE 16 : 17 QUE 'CARPENTERS AVATILABLE'

LINE 17 : 18 QUE 'READY TO INSTALL FORMS & BOX-OUTS FOR FACADE'
LINE 18 15 NORM SET 9 'MOVE PLATFORM TO DESIGNATED STN.' FOL 9 18
LINE 19 20 QUE 'PANEL READY FOR PROCESSING'

LINE 20 21 QUE 'PANEL READY FOR PLATFORM'

ZINE 21 22 QUE 'FORMS IDENTIFIED'

LINE 22 23 QUE 'PLATFORM READY FOR FORM'

LINE 23 24 QUE 'READY TO MAKE REBAR'

ZINE 24 25 QUE 'REBAR CREW AND EQUIP AVAILABLE'

ZINE 25 26 COMBI SET 10 'AUTO REBAR CUT AND SORT' FOL 25 27 PRE 24 25
LINE 26 27 QUE 'REBAR READY'

LINE 27 28 QUE 'FORKLIFT AVAILABLE'

LINE 28 29 COMBI SET 11 'TRANSPORT REBAR' FOL 28 30 PRE 27 28
LINE 29 30 QUE 'REBAR STACKED & READY TO INSTALL'

~INE 30 1 QUE 'READY TO INSTALL REBAR'

_INE 31 32 QUE 'READY TO TRANSFER FOR POUR'

ZINE 32 3 COMBI SET 19 'TRANSF TO STATION' FOL 9 47 PRE 9 46
ZINE 33 5 QUE 'READY TO POUR'

LINE 34 36 QUE 'BATCH PLANT AVAILABLE'

ZINE 35 37 NORM SET 14 'TRANSFER TO FINISHING STN.' FOL 38

LINE 36 38 QUE 'READY FOR FINISHING'

[ il
=
Z
txi
w
<
w
w0

QUE 'FINISHERS AVAILABLE'
COMBI SET 12 'MOVE PLAT TO POUR STN. FOL 35 PRE 9 32

Li
=
2
e
w
oo}
[VaY
o

_INE 39 41 QUE 'READY TO CURE'

ZINE 40 42 COMBI SET 20 'INSTALL INSUL&REBAR' FOL 3 17 PRE 17 47
_INE 41 44 COMBI SET 17 'TRANSFER TO CURING' FOL 9 45 PRE 41

_INE 42 45 NORM SET 18 'CURE (ACCELERATED) ' FOL 46

LINE 43 46 QUE 'READY TO TRANSFER FROM CURING TO STAGE 2'

LINE 44 47 QUE 'READY FOR OPERATIONS AT STAGE 2

LINE 45 48 COMBI SET 7 'INSTALL FORMS AND BOX-OUTS-I' FOL 31 PRE 17 18
LINE 4s6 50 COMBI SET 4 'TRANS PLAT TO FORM STN. ' FOL 10 23 PRE 9 11
LINE 47 52 COMBI SET 13 'POUR-I' FOL 36 37 PRE 35 36

LINE 438 55 COMBI SET 15 'PERFORM FINISHING-I' FOL 39 41 PRE 38 39
LINE 49 71 QUE 'READY TO ASSIGN BED'

LINE 50 72 QUE 'BED AVAILABLE'

LINE 51 73 COMBI SET 16 'ASSIGN BED' FOL 21 PRE 71 72

LINE 52 76 COMBI SET 8 'INSTALL REBAR' FOL 12 17 32 72 PRE 30 31

LINE 53 : 78 QUE 'JOB DUMP'
LINE 54 : RESOURCE INPUT



LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
S0
91
92
93

'JOB GENERATOR' AT 1
'ENGINEERS' AT 4
'PLATFORMS* AT 9
'CONTROL STN. SUPERINTENDENTS' AT 10
'FORM WORKERS' AT 12
'CARPENTERS' AT 17
'REBAR CREW' AT 25
'"FORK-LIFT' AT 28
'BATCH PLANT' AT 36
'"FINISHERS' AT 39
'BEDS AVAILABLE' AT 72
'JOB DUMP' AT 78
DURATION INPUT

SET 10

SET 20

SET TRI 4 5 6

SET 2

SET TRI 8 10 12

SET TRI 5 10 15

SET 25

SET UNI 8 14

SET 9 2

SET 10 20

SET 11 TRI 4 5 &

SET 12 2

SET 13 TRI 4 5 6

SET 14 2

SET 15 UNI 4 6

SET 16 2

SET 17 2

SET 18 60

SET 19 2

SET 20 25

ENDDATA

ENDDATA

ENDDATA

ENDDATA

ENDDATA

ENDDATA

FHOW R HNUd Wb N

OJA U WM



*****************

MicroCYCLONE Report #1.1
( Sorted by Increasing Order )

* % %k ok % *
* % % ok % %

***********‘******

TYPE LABEL DESCRIPTION STATISTICS
COUNT MEAN DUR AR .TIME AVG.NUM $% BUSY

COMBI 2 GENERATION INTERVAL 3456 10.00 10.00 1.00 100.0
COMBI 6 ASSIGN/PRIORITIZE P 3454 20.00 10.01 2.00 100.0
COMBI 7 IDENTIFY PLATFORM 2813 4.98 12.28 0.41 32.2
COMBT 13 IDENTIFY FORMS/REBA 2814 9.97 12.28 0.81 53.5
COMBI 14 TRANS FORMS TO PLAT 2813 9.92 12.29 0.81 55.6
NORMAL 15 MOVE PLATFORM TO DE 2813 2.00 12.29 0.16 15.3
COMBI 26 AUTO REBAR CUT AND 2812 20.00 12.29 1.63 S5.4
COMBI 29 TRANSPORT REBAR 2812 4.99 12.29 0.41 40.6
COMBI 33 TRANSF TO STATION 2798 2.00 12.35 0.16 16.1
NORMAL 37 TRANSFER TO FINISHI 2807 2.00 12.31 0.16 l6.2
COMBI 40 MOVE PLAT TO POUR S 2807 2.00 12,31 0.16 l14.8
COMBI 42 INSTALL INSUL&REBAR 2795 25.00 12.36 2.02 $7.1
COMBI 44 TRANSFER TO CURING 2807 2.00 12.31 0.16 16.2
NORMAL 45 CURE (ACCELERATED) 2798 60.00 12.35 4.86 99:7
COMBI 48 INSTALL FORMS AND B 2807 25.00 12.30 2.03 89.6
COMBI 50 TRANS PLAT TO FORM 2813 2.00 12.28 0.16 15.2
COMBI 52 POUR-I 2807 4.98 12.31 0.40 40.5
COMBI 55 PERFORM FINISHING-I 2807 4.98 12.31 0.40 39.2
COMBI 73 ASSIGN BED 2813 2.00 12.28 0.16 14.7
COMBI 76 INSTALL REBAR 2807 10.954 12.31 6.89 55.8
TYPE LABEL DESCRIPTION STATISTICS

AVG.WAIT AVG.UNIT UNITS END % OCCUPIED

QUE 1 GENERATE PANELS -0.00 0.0 1 0.0
QUE 4 ENGRS AVATILABLE 0.01 0.0 1 0.1
QUE 5 READY TO PRIORITIZE 0.00 0.0 1 0.0
QUE S PLATFORM AVAILABLE 5.33 a3 4 60.8
QUE 10 CONTROL STN. ENGRS. 26.63 2. 2 3 94.3
QUE 11 READY TO GET PLATFO 3.22 0.3 0 il 2L
QUE 12 FORM WORKERS AVAILA 0.21 0.0 0 0.6
QUE 17 CARPENTERS AVAILABL 0.35 0.1 0 4.5
QUE 18 READY TO INSTALL FO 13.45 11 2 70.5
QUE 20 PANEL READY FOR PRO 3183.74 318.2 640 95.2
QUE 21 PANEL READY FOR PLA 0.11 0.0 0 0.9
QUE 22 FORMS IDENTIFIED 14 .55 1.2 1 S4.7
QUE 23 PLATFORM READY FOR 0.01 0.0 0 0.1
QUE 24 READY TO MAKE REBAR 3.82 0.3 0 26.6
QUE 25 REBAR CREW AND EQUI 4.57 0.4 0 32.7
QUE 27 REBAR READY 0.50 0.0 0 4.1
QUE 28 FORKLIFT AVAILABLE 7.30 0.6 1 59.4
QUE 30 REBAR STACKED & REA 35.61 2.9 5 99.8

T
o)}



QUE 31 READY TO INSTALL RE 0.00 0.0 0] 0.0
QUE 32 READY TO TRANSFER F 0.62 0.1 0 4.8
QUE 35 READY TO POUR 1.33 0.1 0 9.9
QUE 36 BATCH PLANT AVAILAB 7.32 0.6 1 538.5
QUE 38 READY FOR FINISHING 0.00 0.0 0 0.0
QUE 39 FINISHERS AVAILABLE 314,92 - 2.6 3 100.0
QUE 41 READY TO CURE 0.00 0.0 0 0.0
QUE 46 READY TO TRANSFER F 1.27 0.1 0 9.3
QUE 47 READY FOR OPERATION 6.23 0.5 2 40.2
QUE 71 READY TO ASSIGN BED 3193.69 319.2 641 99 .4
QUE 72 BED AVAILABLE 0.13 6.0 0 0.3
QUE 78 JOB DUMP 7679.29 1389.2 2796 99.4
TYPE LABEL DESCRIPTION STATISTICS

COUNT BETWEEN FIRST
FUN 3 2795 12.36 195.29



* k Kk Kk * k Kk *k *k * * * * * * * * % %
* *
* MicroCYCLONE Report #2 *
* ( Cycle Monitoring ) E
* *
* Kk Kk * k% * *x * *x % .k % * % * % * *

DESCRIPTION LABEL T-NOW COUNTER
GENERATION INTERVAL 2 10.0 1
GENERATION INTERVAL 2 20.0 2
GENERATION INTERVAL 2 30.0 3
ASSIGN/PRIORITIZE PANELS 6 30.0 1
ASSIGN BED 73 32.0 1
IDENTIFY PLATFORM 7 37.3 1
TRANS PLAT TO FORM STN. 50 39.3 1
GENERATION INTERVAL 2 40.0 4
ASSIGN/PRIORITIZE PANELS 6 40.0 2
IDENTIFY FORMS/REBAR SCHE 13 40.6 1
ASSIGN BED 73 42.0 2
IDENTIFY PLATFORM 7 46.9 2
TRANS PLAT TO FORM STN. 50 48.9 2
IDENTIFY FORMS/REBAR SCHE 13 49.8 2
GENERATION INTERVAL 2 50.0 5
ASSIGN/PRIORITIZE PANELS 6 50.0 3
ASSIGN BED 73 52.0 3
TRANS FORMS TO PLAT 14 52.0 1
MOVE PLATFORM TO DESIGNAT 19 54.0 1
IDENTIFY PLATFORM 7 57:7 3
TRANS FORMS TO PLAT 14 59.2 2
TRANS PLAT TO FORM STN. 50 59.7 3
GENERATION INTERVAL 2 60.0 6
ASSIGN/PRIORITIZE PANELS 6 60.0 4
AUTO REBAR CUT AND SORT 26 60.6 1
MOVE PLATFORM TO DESIGNAT 19 61.2 2
IDENTIFY FORMS/REBAR SCHE 13 61.5 3
ASSIGN BED 73 62.0 4
TRANSPORT REBAR 29 65.9 1
IDENTIFY PLATFORM 7 67.2 4
TRANS PLAT TO FORM STN. 50 69.2 4
AUTO REBAR CUT AND SORT 26 6€5.8 2
GENERATION INTERVAL 2 70.0 7
ASSIGN/PRIORITIZE PANELS 6 70.0 5
IDENTIFY FORMS/REBAR SCHE 13 70.4 4
ASSIGN BED 73 72.0 5
TRANSPORT REBAR 29 74.6 2
TRANS FORMS TO PLAT 14 75.2 3
MOVE PLATFORM TO DESIGNAT 19 77.2 3
IDENTIFY PLATFORM 7 77.4 5
INSTALL FORMS AND BOX-OUT 48 79.0 1
TRANS PLAT TO FORM STN. 50 79.4 5
GENERATION INTERVAL 2 80.0 8
ASSIGN/PRIORITIZE PANELS 6 80.0 &
IDENTIFY FCRMS/REBAR SCHE 13 80.8 5
TRANS FORMS TO PLAT 14 81.4 4
AUTO REBAR CUT AND SORT 26 81.5 8
ASSIGN BED 73 82.0 6



MOVE PLATFORM TO DESIGNAT
INSTALL FORMS AND BOX-OUT
IDENTIFY PLATFORM
TRANSPORT REBAR

TRANS PLAT TO FORM STN.
IDENTIFY FORMS/REBAR SCHE
GENERATION INTERVAL
ASSIGN/PRIORITIZE PANELS
AUTO REBAR CUT AND SORT
INSTALL REBAR

TRANS FORMS TO PLAT
ASSIGN BED

MOVE PLAT TO POUR STN.
MOVE PLATFORM TO DESIGNAT
TRANSPORT REBAR

INSTALL REBAR

TRANS FORMS TO PLAT
IDENTIFY PLATFORM
IDENTIFY FORMS/REBAR SCHE
MOVE PLAT TO POUR STN.
POUR-I

MOVE PLATFORM TO DESIGNAT
TRANS PLAT TO FORM STN.
GENERATION INTERVAL
ASSIGN/PRIORITIZE PANELS
TRANSFER TO FINISHING STN
AUTO REBAR CUT AND SORT

ASSIGN BED
INSTALL FORMS AND BOX-OUT
POUR-I

TRANS FORMS TO PLAT
TRANSFER TO FINISHING STN
PERFORM FINISHING-I

MOVE PLATFORM TO DESIGNAT
TRANSPORT REBAR

IDENTIFY PLATFORM
TRANSFER TO CURING
INSTALL FORMS AND BOX-OUT
TRANS PLAT TO FORM STN.
GENERATION INTERVAL
ASSIGN/PRIORITIZE PANELS
IDENTIFY FORMS/REBAR SCHE
AUTO REBAR CUT AND SORT
PERFORM FINISHING-I
TRANSFER TO CURING
TRANSPORT REBAR

INSTALL REBAR

ASSIGN BED

MOVE PLAT TO POUR STN.
INSTALL FORMS AND BOX-OUT
GENERATION INTERVAL
ASSIGN/PRIORITIZE PANELS

19
48

29
50
13

26
76
14
73
40
19
29
76
14

13
40
52
19
50

37
26
73
48
52
14
37
55
19
29

44
48
50

13
26
55
44
29
76
73
40
48

83.
86.
86.
87.
88.
89.
90.
90.
90.
91.
92.
93.
93
94.
95.
96.
97.
97.
98.
98.
98.
99.
99.
100.
1060.
100.
101.
102.
102.
103.
104.
105.
106.
106.
106.
107.
108.
108.
109.
110.
110.
110.
110.
110.
112.
115.
1l1l6.
118.
118.
119.
120.
120.
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Kk k k Kk * k k k *x %k * * * *x * % * %
* *
* MicroCYCLONE Report #3 *
* ( Cycle Production ) *
* *
* Kk Kk Kk Kk k k k k %k * %k % % x *x * K *
SIMULATION TIME CYCLE NUMBER PRODUCTIVITY
(Units/Hour)
195.3 1 0.3072
199.9 2 0.6003
220.7 3 0.8157
228.4 4 1.0510
245.7 5 1.2212
247 .4 6 1.4552
253.4 7 1.6577
268.0 8 1.7912
278.4 9 1.59400
293.0 10 2.0479
297.4 g 2.2192
308.4 12 2.3344
318.0 13 2.4530
333.4 14 2.5193°
357.7 15 2.5162
358.4 16 2.6784
375.8 17 2.7140
382.7 18 2.8222
400.8 15 2.8441
419.0 20 2.8638
430.0 21 2.59300
441.8 22 2.9881
458 .7 23 3.0084
466.8 24 3.0851
481.4 25 3.1156
491.8 26 3.1723
506.4 27 3.1987
516.8 28 3.2511
520.9 29 3.3406
527.8 30 3.4106
541.8 31 3.4333
566.8 32 3.3877
569.2 33 3.4788
580.8 34 3.5127
605.8 35 3.4668
626.2 36 3.4491
627.4 37 3.5383
644.5 38 3.5376
651.2 39 3.5931
665.4 40 3.6066
676.2 41 3.6378
690.4 42 3.6498
708.1 43 3.6437
715.4 44 3.6900
733.1 45 3.6831
734.5 46 3.7578
758.1 47 3.7200



759.
776.
791.
801.
815.
820.
826.
854.
874.
879.
891.
904.
916.
929.
941.
954.
966.
969.
979.
1004.
1025.
1027.
1032.
1050.
1053.
1075.
1078.
1112.
1114.
1127.
1134.
1152.
1159.
1173.
1177.
1198.
1206.
1214.
1218.
1259.
1266.
1277.
1284.
1302.
1309.
1322.
1347.
1348.
1362.
1365.
1372.
1390.
1409.
1409.
1431.
1448.
1456.
1460.
1488.
1504.
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
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73
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75
76
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78
79
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81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
o6
97
98
959
100
101
102
103
104
105
106
107
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. 7921
.7864
.7902
.8180
.8239
.8745
.9203
.8605
.8407
.8872
.9027
.9124
.9272
.9363
.9504
.9600
.9723
.0239
.0427
.0019
.9771
.0295
.0665
.0538
.1002
.0711
.1165
.0469
.0935
.0984
.1266
.1136
.1411
.1428
.1802
.1565
.1768
.2005
.2335
.1440
.1701
.1803
.2029
.1922
.2143
.2209
.1871
.2279
.2288
.2626
.2858
.2723
.2575
.3000
.2765
.2660
.2854
.3145
.2742
.2683



1506.
1513.
1529.
1543.
1554.
1554.

1581

1600.
1605.
1606.
1625.
1633.
1650.
1652.
1678.
1695.
1700.
1703.
1720.
1743.
1747,
1764.
1781.
1789.
1794.
1802.
1827.
1841.
1847.
1850.
1866.
1875.
1887.
1891.
1931.
1938.
1945.
1949.
1870.
1974.
1994.
2019.
2023.
2032.
2034.
2042.
2067.
2081.
2082.
2106.
2128.
2128,
2131.
2161.
2163.
2177.
2186.
2210,
2211.
2225.
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108
109
110
111
112
113
114
115
116
117
118
1198
120
121
122
123
124
125
126
127
128
128
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
lel
162
163
164
165
166
167
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.3004
.3225
.3162
.3140
.3240
.3620
.3260
.3120
.3361
.3707
.3564
.3713
.3632
.3946
.3608
.3538
.3762
.4025
.3852
.3717
.3946
.3865
.3773
.3923
.4143
.4279
.4002
.35880
.4180
.4414
.4355
.4462
.4502
.4721
.4101
.4266
.4404
.4624
.4450
.4667
.4529
.4275
.4489
.4583
.4829
.4944
.4690
.4690
.4950
.4729
.4549
.4824
.5049
.4701
.4937
.4911
.5013
.4789
.5047
.5029



2229.
2254 .
2271.
2272.
2291.
2310.
2314.
2333.
2354.
2358.
2373.
2375.
2398.
2400.
2413.
2429.
2454 .
2457.
2458.
2476.
2497.
2501.
2515.
2540.
2548.
2557.
2561.
2582.
2600.
2607.
2610.
2632.
2646.
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168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
186
197
198
199
200
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.5222
.4986
.4905
.5159
.5046
.4920
.5102
.5004
.4859
.5035
.4995
.5204
.5027
.5233
.5255
.5187
.4971
.5169
.5385
.5316
.5163
.5342
.5325
.5112
.5198
.5282
.5448
.5309
.5228
.5334
.5508
.5360
.5347



¥ k k k *k Kk k k Kk Kk * Kk * *k * * %

( Process Report )

*

*

* MicroCYCLONE Report #4
*

*

*

**********.**-*****

PROCESS SUMMARY

RUN LENGTH (minutes)
NUMBER OF CYCLES

UNITS PRODUCED PER CYCLE
TOTAL PRODUCTION (Units)

UNITS PRODUCED PER HOUR

HOURLY PRODUCTION (Units/Hr)
TOTAL VARIABLE COST ($)
TOTAL FIXED COST ($)

TOTAL COST ($)

COST PER UNIT ($)

A-14

34560.

2795.

2795,

* % F N % *

00

00

.00

00

.85

.85

.00

.00

.00

.00



* k * k k * Kk * k kx Kk * * *x % % * * *
* *
% MicroCYCLONE Report #5 B
* ( Network Logic Dump ) s
* *
ok k k k k *k Kk K* kx * Kk * * % * Kk Kk %
NETWORK LOGIC DUMP
TYPE LABEL DESCRIPTION PRECEDERS FOLLOWERS
COMBI 2 GENERATION INTERVAL 1 78 il 5 78
FUNCTION 3 78
COMBI 6 ASSIGN/PRIORITIZE PAN 4 5 4 20 71
COMBI 7 IDENTIFY PLATFORM 10 21 11
COMBI 13 IDENTIFY FORMS/REBAR 12 20 22 24
COMBI 14 TRANS FORMS TO PLAT 22 23 19
NORMAL 195 MOVE PLATFORM TO DESI 9 18
COMBI 26 AUTO REBAR CUT AND SO 24 25 25 27
COMBI 29 TRANSPORT REBAR 27 28 28 30
COMBI 33 TRANSF TO STATION 9 46 9 47
NORMAL 37 TRANSFER TO FINISHING 38
COMBI 40 MOVE PLAT TO POUR STN S 32 35
COMBI 42 INSTALL INSUL&REBAR 17 47 3 17
COMBI 44 TRANSFER TO CURING 41 S 45
NORMAL 45 CURE (ACCELERATED) 46
COMBI 48 INSTALL FORMS AND BOX 17 18 31
COMBI 50 TRANS PLAT TO FORM ST 9 11 10 23
COMBI 52 POUR-I 35 36 36 37
COMBI 55 PERFORM FINISHING-I 38 39 39 41
COMBI 73 ASSIGN BED 71 72 21
COMBI 76 INSTALL REBAR 30 31 12 17 32 7z
QUEUE CONTENT DUMP
TYPE LABEL DESCRIPTION T-NOW UNITS INITIALIZED UNITS
QUEUE 1 GENERATE PANELS 1 1
QUEUE 4 ENGRS AVAILABLE 1 2
QUEUE 5 READY TO PRIORITIZE & 0
QUEUE 9 PLATFORM AVAILABLE 4 4
QUEUE 10 CONTROL STN. ENGRS. A 3 3
QUEUE 11 READY TO GET PLATFORM 0 0
QUEUE 12 FORM WORKERS AVAILABIL 0 7
QUEUE 17 CARPENTERS AVAILABLE 0 5
QUEUE 18 READY TO INSTALL FORM 2 0
QUEUE 20 PANEL READY FOR PROCE 640 0
QUEUE 21 PANEL READY FOR PLATF 0 0
1 0

QUEUE 22 FORMS IDENTIFIED
' A-15



QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE
QUEUE

23
24
25
27
28
30
31
32
35
36
38
39
41
46
47
71
72
78

PLATFORM READY FOR FO

READY
REBAR
REBAR

TO MAKE REBAR
CREW AND EQUIP
READY

FORKLIFT AVAILABLE

REBAR
READY
READY
READY
BATCH
READY

STACKED & READY
TO INSTALL RERA
TO TRANSFER FOR
TO POUR

PLANT AVAILABLE
FOR FINISHING

FINISHERS AVAILABLE

READY
READY
READY
READY

TO CURE

TO TRANSFER FRO
FOR OPERATIONS
TO ASSIGN BED

BED AVAILABLE
JOB DUMP

A-16
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Segment 2 Reports

Amarjit Singh A-17 October 1999



PROCESS: FACT4

NAME 'FACT4' LENGTH 34560 CYCLE 3600

LINE 1

LINE 2 NETWORK INPUT

LINE 3 1 QUE 'PICK-UP FROM FACT2'

LINE 4 : 2 COMBI SET 1 'PICK-UP INTERVAL' FOL 1 78 96 PRE 1 78
LINE 5 : 3 FUNCT COUNT QUANT 1 FOL 78

LINE 6 : 9 QUE 'PLATFORM AVAILABLE'

LINE 7 15 COMBI SET 21 'TRANS PLAT TO CURING STN' FOL 61 PRE 9 60
LINE 8 36 QUE 'BATCH PLANT AVAILABLE'

LINE S : 39 QUE 'FINISHERS AVAILABLE'

LINE 10 : 43 COMBI SET 22 'POUR-2' FOL 36 62 PRE 36 61

LINE 11 : 51 COMBI SET 24 'FINISH-2' FOL 39 68 PRE 39 65

LINE 12 : 60 QUE 'READY TO TRANSF TO POUR'

LINE 13 : 61 QUE 'READY TO POUR'

LINE 14 : 62 NORM SET 23 'TRANSF TO FINISHING' FOL 65

LINE 15 : 65 QUE 'READY TO FINISH'

LINE 16 : 68 QUE 'READY TO CURE'

LINE 17 : 65 COMBI SET 25 'TRANSFER TO CURING-2' FOL 9 77 PRE 68
LINE 18 : 77 NORM SET 26 'CURE-2 (ACCELERATED)' FOL 81

LINE 19 : 78 QUE 'JOB DUMP'

LINE 20 : 81 QUE 'READY TO RETRIEVE'

LINE 21 : 82 COMBI SET 27 'TILT-UP & RETRIEVE' FOL 83 88 89 PRE 81 83
LINE 22 : 83 QUE 'TILT-UP'

LINE 23 : 88 QUE 'READY TO WASH FORMS'

LINE 24 : 8% QUE ' READY TO SURFACE FINISH'

LINE 25 : 90 QUE 'WASHING & SURFACE FINISHING WORKERS'

LINE 26 : 91 COMBI SET 29 'WASH AND STACK FORMS' FOL 90 93 PRE 88 90
LINE 27 : 92 COMBI SET 28 'SURFACE FINISH & STACK' FOL 3 90 PRE 89 90
LINE 28 : 93 QUE 'FORMS AVAILABLE'

LINE 29 : 95 NORM SET 30 'ACCELERATED CURE' FOL 60

LINE 30 : REZSOURCE INPUT

LINE 31 : 1 'JOB GENERATOR' AT 1

LINE 32 2 'PLATFORMS' AT 9

LINE 33 1 '"BATCH PLANT' AT 36

LINE 34 1 'FINISHERS' AT 39

LINE 35 1 'JOB DUMP' AT 78

LINE 36 1 'TILT-UP STN.' AT 83

LINE 37 : 3 'WASHING AND SURFACE FINISHING WORKERS' AT 90

LINE 38 : DURATION INPUT

LINE 39 : SET 1 12.37

LINE 40 : S=T 21 2

LINE 41 : SET 22 TRI 4 5 6

LINE 42 : SET 23 2

LINE 43 : SET 24 TRI ¢4 S 6

LINE 44 : SET 25 2

LINE 45 : SET 26 120

LINE 46 : SET 27 UNI 5 10

LINE 47 : SET 28 TRI 2 15 30

LINE 48 : SET 29 UNI 10 15

LINE 49 : SET 30 90

LINE 50 : ENDDATA

LINE 51 : ENDDATA

LINE 52 : ENDDATA

LINE 53 : ENDDATA

LINE 54 : ENDDATA
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* k k k Kk k * Kk % % * * * * * * * * *
* *
B MicroCYCLONE Report #1.1 ®
¥ ( Sorted by Increasing Order ) *
* *
 k k k %k * * * * * % K ok ok k Kk Kk k X
TYPE LABEL DESCRIPTION STATISTICS .
COUNT MEAN DUR AR.TIME AVG.NUM & BUSY
COMBI 2 PICK-UP INTERVAL 2793 12.37 12.37 1.00 100.0
COMBI 15 TRANS PLAT TO CURIN 2786 2.00 12.40 0.16 16.1
COMBI 43 POUR-2 2786 4.99 12.40 0.40 40.2
COMBI 51 FINISH-2 2785 4.99 12.41 0.40 40.2
NORMAL 62 TRANSF TO FINISHING 2786 2.00 12.41 0.16 16.1
COMBI 69 TRANSFER TO CURING- 2785 2.00 12.41 0.16 16.1
NORMAL 77 CURE-2 (ACCELERATED 2775 120.00 12.45 9.64 99.6
COMBI 82 TILT-UP & RETRIEVE 2775 7.46 12.45 0.60 5959
COMBI 91 WASH AND STACK FORM 2774 12.46 12.46 1.00 86.8
COMBI 92 SURFACE FINISH & ST 2773 15.48 12.46 1.24 87.9
NORMAL 96 ACCELERATED CURE 2786 90.00 12.40 7.26 99.9
TYPE LABEL DESCRIPTION STATISTICS
AVG.WAIT AVG.UNIT UNITS END % OCCUPIED
QUE 1 PICK-UP FROM FACT2 0.00 0.0 0 0.0
QUE 9 PLATFORM AVAILABLE 8.84 0.7 1 71.0
QUE 36 BATCH PLANT AVAILAB 7.42 0.6 1 52.8
QUE 39 FINISHERS AVAILABLE 7.42 0.6 1 S8
QUE 60 READY TO TRANSF TO 0.00 0.0 0 0.0
QUE 61 READY TO POUR 0.00 0.0 0 0.0
QUE 65 READY TO FINISH 0.00 0.0 1 0.0
QUE 68 READY TO CURE 0.00 0.0 0 0.0
QUE 78 JOB DUMP 8543.88 1376.2 2773 9s8.2
QUE 81 READY TO RETRIEVE 0.00 0.0 0 0.0
QUE 83 TILT-UP ) 5.00 0.4 1 40.1
QUE 88 READY TO WASH FORMS 0.38 0.0 0 310
QUE 85 READY TO SURFACE FI 2.29 0.2 0 18.4
QUE 90 WASHING & SURFACE F 4.72 0.8 0 55 6
QUE 93 FORMS AVAILABLE %¥17151.22 1376.6 2774 99.2
TYPE LABEL DESCRIPTION STATISTICS
COUNT BETWEEN FIRST
FUN 3 2773 12.46 267.38
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*
*
*
*
*
*

¥ % Kk Kk * X *x *x *k *k * % % Kk * *x *

MicroCYCLONE Report #2

( Cycle Monitoring )

* %k Kk Kk Kk X K *k * * *k * * * * * *

* % ok ok A o

DESCRIPTION LABEL T-NOW COUNTER
PICK-UP INTERVAL 2 12.4 1
PICK-UP INTERVAL 2 24.7 2
PICK-UP INTERVAL 2 37.1 3
PICK-UP INTERVAL 2 49.5 4
PICK-UP INTERVAL 2 61.8 5
PICK-UP INTERVAL 2 74.2 6
PICK-UP INTERVAL 2 86.6 7
PICK-UP INTERVAL 2 938.0 8
ACCELERATED CURE 96 102.4 1
TRANS PLAT TO CURING STN 15 104.4 1
POUR-2 43 109.7 1
PICK-UP INTERVAL 2 111.3 9
TRANSF TO FINISHING 62 111.7 i
ACCELERATED CURE 96 114 .7 2
TRANS PLAT TO CURING STN 15 116.7 2
FINISH-2 51 116.9 1
TRANSFER TO CURING-2 69 118.9 1
POUR-2 43 121.6 2
TRANSF TO FINISHING 62 123.6 2
PICK-UP INTERVAL 2 123.7 10
ACCELERATED CURE 96 127.1 3
FINISH-2 51 128.5 2
TRANS PLAT TO CURING STN 15 125.1 B
TRANSFER TO CURING-2 69 130.5 2
POUR-2 43 134.9 3
PICK-UP INTERVAL 2 136.1 11
TRANSF TO FINISHING 62 136.9 3
ACCELERATED CURE 96 139.5 4
TRANS PLAT TO CURING STN 15 141.5 4
FINISH-2 51 142.6 3
TRANSFER TO CURING-2 69 144.6 8
POUR-2 43 146.7 4
PICK-UP INTERVAL 2 148.4 12
TRANSF TO FINISHING 62 148.7 4
ACCELERATED CURE S6 151.9 5
TRANS PLAT TO CURING STN 15 153.9 5
FINISH-2 51 153.8 4
TRANSFER TO CURING-2 69 155.9 4
POUR-2 43 159.3 5
PICK-UP INTERVAL 2 160.8 13
TRANSF TO FINISHING 62 161.3 5
ACCELERATED CURE 96 164.2 6
TRANS PLAT TO CURING STN 15 166.2 6
FINISH-2 51 166.7 5
TRANSFER TO CURING-2 69 168.7 5
POUR-2 43 170.8 6
TRANSF TO FINISHING 62 172.8 6
PICK-UP INTERVAL 2 173.2 14



ACCELERATED CURE
FINISH-2

TRANS PLAT TO CURING
TRANSFER TO CURING-2
POUR-2

TRANSF TO FINISHING
PICK-UP INTERVAL
FINISH-2

ACCELERATED CURE
TRANSFER TO CURING-2
TRANS PLAT TO CURING
POUR-2

PICK-UP INTERVAL
TRANSF TO FINISHING
ACCELERATED CURE
TRANS PLAT TO CURING
FINISH-2

TRANSFER TO CURING-2
POUR-2

PICK-UP INTERVAL
TRANSF TO FINISHING
ACCELERATED CURE
FINISH-2

TRANS PLAT TO CURING
TRANSFER TO CURING-2
POUR-2

TRANSF TO FINISHING
PICK-UP INTERVAL
ACCELERATED CURE
FINISH-2

TRANS PLAT TO CURING
TRANSFER TO CURING-2
POUR-2

TRANSF TO FINISHING
PICK-UP INTERVAL
ACCELERATED CURE
CURE-2 (ACCELERATED)
FINISH-2

TRANS PLAT TO CURING
TRANSFER TO CURING-2
POUR-2

PICK-UP INTERVAL
TILT-UP & RETRIEVE
TRANSF TO FINISHING
CURE-2 (ACCELERATED)
ACCELERATED CURE
TRANS PLAT TO CURING
FINISH-2

TRANSFER TO CURING-2
TILT-UP & RETRIEVE
POUR-2 '
PICK-UP INTERVAL

STN

STN

STN

STN

STN

STN

STN
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g6
51
15
69
43
62

51
96
69
15
43

62
96
15
51
69
43

62
96
51
15
69
43
62

96
51
15
69
43
62

96
77
51
15
69
43

82
62
77
96
15
51
69
82
43

176.
177.
178.
179.
182.
184.
185.
188.
189.
190.
191.
196.
197.
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201.
203.
203.
205.
208.
210.
210.
213.
215.
215.
217.
220.
222.
222.
226.
226.
228.
228.
232.
234.
235.
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239.
240.
241.
245.
247.
247.
247.
250.
250.
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21915¢5
257.
257.
259
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* k ok k k k k k k x %k *k * *k * *k * * *

* *

o MicroCYCLONE Report #3 *

* ( Cycle Production ) *

* *

¥ k %k Kk k k *k k k Kk *x * *k k * * * * %

-
SIMULATION TIME CYCLE NUMBER PRODUCTIVITY
(Units/Hour)

267.4 1 0.2244
275.3 2 0.4359
300.7 3 0.5987
307.6 4 0.7803
322.3 5 0.8309
322.4 6 1.1165
324.9 7 1.292¢
351.9 8 1.3639
365.0 9 1.4785
367.7 10 1.6316
382.0 11 1.7278
402.8 12 1.7876
413.8 13 1.8848
418.3 14 2.0079
446.9 15 2.0138
447.6 le 2.1447
456.1 17 2.2366
465.6 18 2.3196
484.2 19 2.3544
493.9 20 2.4296
516.0 21 2.4420
523.1 22 2.5234
539.8 23 2.5563
541.7 24 2.6584
547.7 25 2.7388
569.7 26 2.7382
597.0 27 2.7135
600.5 28 2.7975
607.1 29 2.8661
619.0 30 2.9079
637.1 31 2.9197
652.9 32 2.9408
653.7 33 3.0289
674.8 34 3.0231
700.4 35 2.9981
708.2 36 3.0499
722.0 37 3.0747
722.0 38 3.1578
742.5 39 3.1515
746.2 40 3.2163
765.6 41 3.2132
772.9 42 3.2604
782.9 43 3.2955
790.5 44 3.3397
810.4 45 3.3318
811.3 46 3.4018
840.5 47 3.3551



846.

857.

869.

891.

910.

912.

922.

930.

948.

965.

978.

986.

999.
1001.
1026.
1027.
1056.
1057.
1064.
1084.
1088.
1091.
1117.
1130.
1141.
1165.
1167.
11789.
1202.
1207.
1221.
1232.
1232.
1251.
1261.
1267.
L2{5;
1297.
1306.
1333.
1333.
1358.
1367.
1378.
1385.
1414.
14189.
1425.
l446.
1456.
1470.
1474.
1491.
1500.
15009.
1520.
1543.
1557.
1564.
1571.
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48
49
50
5l
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
ik
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
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.4044
.4292
.4512
L4332
L4262
.4835
.5130
.5461
.5428
.5422
.5583
.5895
.6025
.6540
.6242
.6798
.6361
.6897
.7189
.7068
. 7475
.7920
.7601
.7688
.7862
.7584
.8029
.8144
.7922
.8267
.8310
.8456
.8934
.8839
.9010
.9280
.9505
.9321
.9482
.9157
.9602
.9302
.9493
.9622
.9835
.9451
.9732
.9974
.9813
.9948
.9995
.0276
.0235
.0386
.0554
.0648
.0419
.0444
.0651
.0849



1586.
1592.
1596.
1624.
1636.
1646.
1653.
1673.
1683.
1701.
LT .
1714.
1722.
1740.
1753.
L
1781.
1794.
1796.
1824.
1836.
1851.
1862.
1862.
1876.
1895.
1897.
1911.
1920.
1943.
1959.
1968.
1974.
1993.
2002.
2028.
2036.
2051.
2057.
2069.
2090.
2104.
2113.
2118.
2134.
2139.
2143,
2171.
2174.
2201.
205
2219.
2234,
2246.
2249.
2262.
2272..
2288.
2301.
2308.
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108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
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140
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146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
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.0847
.1056
.1334
.0990
.1065
.1181
.1365
.1241
.1332
.1254
.1457
.1653
.1792
.1703
.1748
.1655
.1767
.1797
.2072
.1763
.1817
.1804
.1890
.2204
.2203
.2094
L2367
.2374
.2479
.2296
.2261
.2360
.2540
.2441
.2540
.2296
.2437
.2406
.2568
.2622
.2479
.2488
.2584
.2760
.2725
.2902
.3115
.2827
.3040
.2795
.2745
.2981
.2965
.3011
.3207
.3221
.3304
.3262
.3274
.3400



2321.
2351.
2356.
2372.
.2387.
2397.
2412.
2418,
2439.
2443.
2448,
2468.
2480.
2488.
2503.
2527.
2537.
2548.
2556.
2569.
2572.
2593.
2611.
2622.
2624.
2637.
2657.
2670.
2675,
2675.
2688.
2697.
2729.
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168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
120
191
192
193
194
185
196
197
198
189
200
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.3414
.3114
.3277
.3253
.3222
.3299
.3274
.3423
.3289
.3470
.3626
.3506
.3543
.3635
.3628
.3439
.3506
.3553
.3657
.3659
.3856
.3728
.3656
.3697
.3897
.3909
.3806
.3807
.3961
.4177
.4184
.4268
.3960



( Process Report )

A ok F F F* %

PROCESS SUMMARY

RUN LENGTH (minutes)
NUMBER OF CYCLES

UNITS PRODUCED PER CYCLE
TOTAL PRODUCTION (Units)

UNITS PRODUCED PER HOUR

HOURLY PRODUCTION (Units/Hr)
TOTAL VARIABLE COST (S)
TOTAL FIXED COST (%)

TOTAL COST (3)

COST PER UNIT (S)
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MicroCYCLONE Report #4

*k * Kk Kk k Kk k Kk * * k *k * * *x * *

34560.

2773.

2773.

* ok % ¥ ¥ *

€63

00

.00

00

.81

.81

.00

.00

.00

.00
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* MicroCYCLONE Report #5 *
* ( Network Logic Dump ) o
* *
 * % %k * k * *k *x * % *k k¥ k * * * * %
NETWORK LOGIC DUMP
TYPE LABEL DESCRIPTION PRECEDERS FOLLOWERS
COMBI 2 PICK-UP INTERVAL 1 78 1 78 96
FUNCTION 3 78
COMBI 15 TRANS PLAT TO CURING 9 60 61
COMBI 43 POUR-2 36 61 36 62
COMBI 51 FINISH-2 39 65 39 68
NORMAL 62 TRANSF TO FINISHING 65
COMBI 69 TRANSFER TO CURING-2 68 s 77
NORMAL 77 CURE-2 (ACCELERATED) 81
COMBI 82 TILT-UP & RETRIEVE 81 83 83 88 89
COMBI 91 WASH AND STACK FORMS 88 S0 90 93
COMBI 92 SURFACE FINISH & STAC 89 950 3 90
NORMAL 96 ACCELERATED CURE 60
QUEUE CONTENT DUMP
TYPE  LABEL DESCRIPTION T-NOW UNITS INITIALIZED UNITS
QUEUE 1 PICK-UP FROM FACT2 0 1
QUEUE 9 PLATFORM AVAILABLE 1 2
QUEUE 36 BATCH PLANT AVAILABLE 1 1
QUEUE 39 FINISHERS AVAILABLE 1 gl
QUEUE 60 READY TO TRANSF TO PO 0 0
QUEUE 61 READY TO POUR 0 0
QUEUE 65 READY TO FINISH 1 0
QUEUE 68 READY TO CURE 0 0
QUEUE 78 JOB DUMP 2773 1
QUEUE 81 READY TO RETRIEVE 0 0
QUEUE 83 TILT-UP 1 i
QUEUE 88 READY TO WASH FORMS 0 0
QUEUE 89 READY TO SURFACE FINI 0 0
QUEUE 90 WASHING & SURFACE FIN 0 3
QUEUE 93 FORMS AVAILABLE 2774 0

A-27



END OF REPORT



