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1. Attached is the final report of the MHE Requirements Model recently
completed for HQ USAF/LET.

2. Small forklifts (4K and 6K) are presently authorized and allocated in a
way that ignores the impact of the facility layout or the flow of the workload
through the air freight terminal. Table of Allowance 010 refers only to gross
tonnages and terminal classifications. In most cases, this has satisfied
peacetime needs. However, we've run our model against wartime work levels at
selected aerial ports and forklift requirements far exceed current
authorizeations.

3. Our requirements model is easy to use. It prompts the base level managers

to assess workload, facility and resource requirements in terms they
understand and asks for data they can easily obtain. The model runs in just a
few minutes on the Z-100 microcomputer. We believe we have a realistic capa-
bility analysis tool which should be used to authorize 4K and 6K forklifts at
each aerial port or air freight terminal.

4. Providing new and better management tools to the Transportation and
Logistics communities is our goal. Our POC is Major Dan King, AFLMC/LGT,
Autovon 446-4464.

EDWI C 0 JR. 2 Atch
Deputy Commander 1. Distribution List

2. Final Report
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ABSTRACT

We were tasked by HQ USAF/LET to develop a method of establishing

requirements for light forklifts (4K and 6K) used in air freight terminals.

Table of Allowance (TA) 010 prescribes peacetime allowances for 4K and 6K

forklifts at air freight terminals. Allowances are determined subjectively.

However, contingency and WRM. forklift allowances are not addressed in TA 010.

The methods currently used to determine allowances in TA 010 and actual

requirements can result in the wrong number of light forklifts in our air

freight terminals. Too few forklifts can contribute to bottlenecks and

backlogs. Too many forklifts can needlessly waste resources.

We developed a model, on the Z-100 microcomputer, to replace the

subjective method of determining light forklift requirements. By inputting a
range of variables, the local freight terminal manager can describe the

specific workload (either peacetime or wartime) and the work environment. The

model can also be used by the major command to verify base-level requirements.
Contingency planning and wartime requirements can be computed as often as
needed to reflect changes in projected cargo flow.
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EXECUTIVE SUMMARY
-I,~.-. -.I

Both HQ USAF/LET and HQ MAC expressed concern over the way Material

Handling Equipment (MHE) requirements are determined. We were tasked to

develop a method of establishing requirements for light forklifts (4k and 6k)
used in air freight terminals.

Table of Allowance (TA) 010 prescribes peacetime allowances for 4K and 6K

forklifts for air freight terminals. In the TA, freight terminals are
classified by tons of cargo processed each month. The classifications range
from I to 15 for a tonnage of 200-17,500 respectively. These allowances are
established by subjective committee action. Also, there are no provisions for

contingency or WRM allowances.

In reality, cargo tonnage is but one of the variables which affect the
amount of MHE needed. The number of truck arrivals, the period during which .-
arrivals occur, the time required to offload a truck, the number of docks, and
number of pallet build-up areas, all play an important part in determining how

many light forklifts are needed.

The current subjective method used to determine light forklift

requirements can result in the wrong number of vehicles authorized in air

freight terminals. Too few forklifts contribute to bottlenecks, backlogs, and
wartime shortfalls. On the other hand, too many can needlessly waste

resources.

Technology now enables a more reliable way of establishing MHE allowances

and requirements than by using a committee's educated guess. Our requirements
model, developed on the Air Force standard microcomputer (Z-100), addresses a
wide variety of critical variables and allows the air freight terminal manager

to tailor the model to a specific location. It is user-friendly and provides
answers within minutes. The major command can also use the same model to
verify requirements and conduct other transportation planning. The model can

be used to determine wartime requirements. Additionally, it can aid in making

quick decisions based on changes in cargo or airlift flow. The quick-decision

feature is important to the transportation planner during contingencies or
when decisions about resource distribution must be made.

We recommend the subjective methods used to develop forklift allowances

and requirements be abandoned and the output of the 4K/6K model be used to

determine requirements for each air freight terminal. This way authorizations
would be tailored specifically to the workload and work environment for a

specific location. Updates could be accomplished annually or any time

significant mission changes occur.

Addi t tonal ly, we recommend this model be used to establish WRM

requirements for 4K and bK forklifts at each air freight terminal. The number

of forklifts authorized for WRM should be updated on an annual basis or when

major OPLAN revisions are made.

The model should be a part of the contingency planning process and

employed to assess capability at deploying and reception areas worldwide.
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CHAPTER 1

THE PROBLEM

SECTION A - BACKGROUND

HQ USAF/LET and HQ MAC expressed concern over the way Material Handling
Equipment (MHE) requirements are determined. Subsequent to the February 1982
conference on Table of Allowance (TA) 010 and 463L MlE utilization, the Air
Staff tasked us to develop a formula for determining requirements for the
following 463L MHE:

10K Forklift
25K Aircraft Loader

40K Aircraft Loader

We completed the project, An Evaluation of Material Handling Equipment
Requirements, Project 820201, in August 1982. Acknowledging that study as an
important step in developing an objective system for evaluating MHE
requirements, the Air Staff then asked us to conduct a continuation study
addressing requirements for lighter MItE (4K and 6K forklifts) used in the air
freight terminal environment (Atch 1). Headquarters MAC/LG and TR agreed to
co-sponsor the study (Atch 2 and 3).

Currently, peacetime allowances for 4K and 6K forklifts for air freight
terminals are prescribed in Table of Allowance (TA) 010. The TA classifies
terminals by tons of cargo processed each month. The classifications range

trom I to 15 for a tonnage of 200-17,500 respectively. The TA does not
provide tor contingency or WRM allowances.

Cargo tonnage is but one of the many variables which affect the amount of
MilE needed. Variables such as number of truck arrivals, the period over which
arrivals occur, the time required to off-load a truck (this could be affected

by facilities), the number of docks, and number of pallet build-up areas,
etc.; all play an important part in determining how many light forklifts are
needed.

A MAC Research Associate assigned to the Center for Aerospace Uoctrine,
Research, and Education, Airpower Research Institute, studied the problem of
determining MHE allowances and requirements. The report, The Impact of
Materials Handling Equipment on Airlift Capabilities, August 1983, recognized
the weaknesses of the current system; however, it did not provide solutions.
It merely concluded the Air Force "mist determine if a formula can be built
for determining quantities of MRS for peacetime and wartime requirements." An
AFIT study, Aerial Port of Embarkation Capability Planning, Volume I,
September 1983, detailed the Air Force's failure to adequately define and
standardize what will be needed to support surges during contingency and
wartime conditions. Virtually all elements of support, equipment, manpower,
and facilities, are forecasted by subjective methods. Hence, considerable
doubt exists in our capability to meet planned through-puts during surges.

The capability to forecast retrograde handling capability is also
necessary. In a recent USAF Inspector General report, Functional Management

'J " " , * " " • - * - = " _ ," - " " " _ " " " " _ ,- _" ._ " - , " " •



Inspection of Transportation Contingency Planning, PN 83-612, 21 Mar 83 -

14 Feb 84, a major shortfall in retrograde planning was found and an urgent
need to address this problem was indicated. They wrote:

Some major aerial ports of debarkation (APODs) had not planned for
any retrograde workload. Facilities (especially holding space) and
manpower could be adversely affected by the retrograde tonnage.
Other transportation units had not forecasted a "worst case" scenario
in planning transportation requirements. Surface movement of
retrograde tonnage to APODs had not been addressed at all.
Retrograde impacted on transportation resources and required ore
finite planning. Finally, the impact on CONUS transportation units
concerning onward movement of retrograde was not readily apparent nor
did it appear to have been seriously considered.

Clearly, improvements in forecasting essential cargo movement requirements
are needed.

SECTION B - PROBLEM STATEMENT

The Basis of Issue (BOI) in Air Force's Table of Allowances for 4/6K
torklitts at air freight terminals are presently based on a single variable--
cargo tonnage. Requirements are then determined by committee action and
technical experts. This method is highly subjective and can result in having
the wrong number of vehicles in our terminal facilities.

I2



CHAPTER 2

DEVELOPMENT

SECTION A - APPROACH

The objective of this project was to develop a model which relies less on
expert opinion and more on meaningful workload variables. We quickly realized
the number of critical variables which had to be considered could not be
accommodated by a simple formula. Additionally, the use of the 4K and 6K
torklifts change constantly as cargo flows through the air freight terminal
system. Because of the constant changes, queuing theory equations could not
be used. Consequently, we chose to use a simulation model.

SECTION B - RESULTS

This is not an optimization model which simply considers inputs and then
announces the exact number of light forklifts needed. Rather, the user is
asked to describe the air freight terminal's work load, resources, and
constraints. The workload is defined by the arrival period of cargo, the
number of trucks and planes arriving in that time period and the amount of
cargo each holds. Resources include number of forklifts, truck docks, 463L
pallet pits and floor space assigned to cargo holding areas. Service times
for each action in the terminal, incommission rate for the forklifts, and the
percent of cargo sent to various holding areas constitute the constraints of
the terminal. There are thirty variables used to describe the workload and
terminal. These variables can be readily determined by terminal managers with
existing documentation or physical measurement. The model then tells the user
how many work hours will be required to accomplish the workload. It also
tells the user how certain resources were used. This means the user can
distribute and priortize his resources as required and forecast the impact.
Multiple runs of the model shows graphically the relationship between the
number of forklifts and the number of required work hours. Other resources
(docks, pits, incommission rates, etc) can also be varied and graphed against
the work hours.

The physical characteristics of the air freight terminal and the cargo
flow through the terminal are used by the model in the following manner (see
Atch 4). fhe terminal is divided into two main areas: inbound and
retrograde. Trucks arrive and are distributed by a random (poisson) arrival
pattern described by the number of arrivals and the duration of the arrival
times. If an unloading dock is not available, the truck joins a queue until
one opens up. Once a truck arrives at a dock, the next task is to assign a
forklift if one is needed. Some trucks may not need a small (4K or 6K)
torklitt to unload, because either the cargo is prepalletized, requiring a
larger forklift or pallet dolly, or the amount of cargo is very small and can
be handled by hand. Cargo is off-loaded and then moved directly to the
inbound holding areas or pallet build-up area.

When there is enough cargo in a holding area to build a pallet, the cargo
is moved to the build-up area and a 463L pallet is built. Should the holding

3



areas fill to capacity, cargo flow into the holding areas stops; i.e., truck
oft-loading and pallet breakdown is stopped until cargo is moved out of
holding areas to the build-up areas. The model assumes resources, other than

4K/bK forklifts, are available to remove the completed 463L pallet from the
build-up areas. The model considers one forklift as adequate to off-load a
truck. Two forklifts may move cargo from the holding areas to the build-lip
areas.

The retrograde cargo flow is very similar to the in-bound cargo flow.
Planes arrive at random (exponential) time intervals set by the period of
arrival times and the number of arrivals expected. The model assumes there is
equipment (IOK forklift, 25K loader, or 40K loader) available to off-load the
planes and bring the pallets to the terminal. These pallets then join the
queue awaiting break down in a pit. After placement in pits, the pallets are
worked by as many forklifts as available. The cargo is in-processed and moved

to either the pallet build-up pits, inbound or retrograde holding areas. The
amount going to the inbound holding areas is dictated by the ratio of air to
surface outbound cargo, a condition input by the model user. Should one of
these holding areas fill to capacity, only pallet breakdown is stopped. Small
forklifts (4K and 6K) are allocated to the congested holding areas until the
bottleneck is relieved.

This model has the following assumptions: Personnel are always available,
and larger MHE is always available to move 463L pallets around the terminal.
Simulation is based on queuing theory. The times between arrivals and service
times are exponentially distributed, so the arrivals are generated by a
poisson distributor. The work is done on a first in-first out basis.

The resultb of the model can tell the user if there are adequate docks,
r'iE, holding areas and build-up/break-down pits available to meet the work
load. It identifies specific shortfalls in any of these areas. The total

time period to clear the terminal is given as well as the average working time
for each forklift. The number of personnel required is not calculated;
however, you can determine the number of personnel you will need based on the
uumber of forklifts and the average number doing a task during the day. The
output of the terminal is measured by 463L pallets built and trucks loaded.
Statistics are given for the queues formed outside the terminal waiting for
docks and pits and inside the terminal waiting for a forklift in a dock or
pit. Since the model assumes a pool of forklifts available to work anywhere
they are needed, the average number of forklifts working in an area is
calculated. Utilization rates of docks and pits shows if there are too few
for the work load. Lastly, the average amount of cargo in each holding area

shows if enough floor space is dedicated for the volume of cargo going to that

area.

StCrluN C - RUN MODES

There are three run modes for the model. In the first, the model is give

a set of inputs, makes a run with a fixed number of repetitions, and gives a
set of outputs as described above. In the second mode, the inputs can be
varied to obtain different outputs. Based on these outputs, a graph can then
be plotted of the total time to complete the work load and

4



the average work time per forklift against the variable number of forklifts

(see Atch 5). The third mode is a multiple-day run where variables are

evaluated over the number of days under consideration. Detailed instructions

for manipulating the model can be found in the user's guide.

The model was developed on an IBM 4331 mainframe and has been transferred

to the Z-100 microcomputer. It is made up of approximately 4000 lines of

Fortran code. To do a single run takes 3-5 minutes. To do a multiple run and

produce a chart takes approximately one hour (eleven runs times 5 minutes per
run).

SECTION D - VALIDATION

We have tested this model against selected aerial ports and air freight

terminals. Visits to Dover AFB and Travis AFB have shown that the model

simulates their day-to-day operations. To show the model also works on a

smaller scaled terminal, we also ran it with inputs from the McClellan and

Warner Robins' air freight terminal. In all tests the results showed a close

simulation of the day-to-day operations. Total cargo processing time, the

amount of cargo left over each day, and use factors of docks, pits and holding

areas were representative of actual figures. Outputs such as the number of

463L pallets built and trucks loaded mirrored the output of the terminals.
This consistency indicates the model accurately addresses the key indicators

associated with processing cargo through Air Force air freight terminals. It

also demonstrates that peacetime MHE requirements at these locations have been

refined over the years using a system predicated on, "Let's try this number and

see how it works."

In addition, we input wartime work load into the model. The output

indicated huge disparities exist between the capabilities of existing

resources and wartime requirements. We found authorized light MHE would be

required to operate 24 hours a day and would still not be able to meet cargo

movement needs. The model shows similar shortfalls in the number of docks,

holding areas and pits. Additionally, based on wartime work schedules, the

number of trained work crews are inadequate to meet the challenge.

The strength of the model is its use after significant mission changes or

facility modifications at a specific installation, the establishment of a new

air freight terminal or the determination of wartime and contingency

requirements.

5
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CHAPTER 3

CONCLUSIONS

We believe this model should be adopted to determine 4K/6K forklift

requirements. The model addresses a wide variety of critical variables and

allows the freight terminal manager to tailor the model to his specific
location. It is user-friendly and provides answers within minutes. The major

command can use the same model to verify requirements and conduct other

transportation planning.

The model is responsive enough to make immediate decisions based on

changes in cargo or airlift flow. This latter feature offers new options for

the transportation planner when rapid decisions about resource distribution

must be made.

Use of the model to establish TO 010 allowances provides a more creditable

Basis of Issue (BOI) for the 4K and 6K forklifts at air freight terminals.

The model computes more accurate levels of MHE than the current system of

cargo tonnage per month.
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CHAPTER 4

RECOMMENDATIONS

I. Approve the 4K/6K forklift model as a replacement for the subjective

allowance method in TA 010. (OPR: AF/LET; OCRs: AF/LEY, WR-ALC/MMM)

2. Approve using the 4K/6K model to determine WRM requirements at air

freight terminals. (OPR: MAJCOM LGs)

3. Direct a change in the basis of issue in TA 010. Specify the 4K/6K

model as the preferred method of determining air freight terminal MHE

authorizations for day-to-day and WRH requirements. (OPR: AF/LET; OCR:

AF/LEY)

4. Use the 4K/6K at each air freight terminal to forecast peacetime and

wartime requirements. (OPR: HAJCOM LGs)

5. Update 4K/6K authorizations on an annual basis or whenever major

mission or OPLAN revisions occur. (OPR: MAJCOM LGs)

7
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. Project 820201)
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