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L. INTRONUCTION
Introduction

The cost of stevedoring containerized carao in the United States was
estimated to he $300 mitlion in 1980, Recause the cost of this mpde of
carqgo handling is less than S0% of that for conventinnal cargoes, this
manner of jntermodal transfer is expected to continue its rapid qrowth.
This growth in turn will create the nesd for additional facilities which
will require substantial canital investments. Thus, substantial savings
ingv he derived from improvements in the efficiency of container terminal
operation by reducing terminal operating costs and the deferment of capital
expenditures,

Recognizing the magnitude of the potential savings from improved
container terminal operation, the Oreqon State Universitv Sea Grant
proqram, in cooperation with the Port of Portland, initiated, in March of
1977, a research project {R/CE-1D) tq examine various opportunities for
improving the efficiency of container terminal operation,

Proiect Organization

The work performed as a part of thig proiect was conducted in three
phases, The first was a familiarization phase in which the (SU researchers
hecame familiar with the operation of a container port. The primary
objectives of this phase were to document the material flow patterns
through a container terminal and to statistically summarize the export
container characteristies.

After the familiarization phase, several meetings were held between
the OSU team and Port of Portland {PoP) representatives to define work
tasks for the second and third phases of the project. The specific
problems selected for the second project phase were the analysis of impnrt
container stacking configurations in order to develop optimal stacking
confiqurations, and the development of a model of a container yard for
export. operations. The latter activity was specifically directed toward
developing a simulation model which could be used to analyze container
stacking configurations for outbound containers.

The objective of the third phase was to determine the feasibility and
henefits of using a computer program to assist manual container ship load
planning.

2. INROUND LOADER CONTAINER STACKING

Introduction

The determination of the appropriate stacking configuration for loaded
inbound containers is a problem that is common to 211 container terminals
using either gantry cranes or transtainers for vard operation, The problem
arises because, in general, the receiving port does not know in advance the
specific order in which containers will need to be retrieved. Therefare,
1f one container is stacked upon another, it is possible that the bottom



container will need to he retrieved first, If this is the case, the too
container must be moved in order to retrieve the bottom one, thus
necessitat1ng a_rehandle. Rehand{es are generally viewed as nonproductive
effort. For this reason, 1oaqed inbound containers are frequently stacked
only one high. This allows direct {random) access to a container without a

one-high stack ing, however, distributes the containers over a large
area which not only maximizes the cost of storage but also the distance a
crane must move in order to reach a designated container. If containers
are stacked two high, both the area and crane travel time are reduced by
approx1mate1y half; however, now the containers must he rehandled. The
fundamental question is, Noes the reduction in space and transtainer
movement time justify the additional rehandles? The optimal stacking
configuration can be determined if a model providing for trade-offs among
the various costs can be developed.

Probltem Formulation

To develop the mode! sugqested above, we must make certain
assumptions. The following specific assumptions are necessary to develop a
manageable model:

4. iLoaded inbound containers are off-loaded and transported to a section
for storage,

h. This section is used exclusively for inbound (Yoaded)} containers.

¢. Rows are cleared before the ship is unloaded. ({Containers are placed
tn rows that are empty at the beginning of unloading.)

d. A row is six slots wide, and containers can be stacked up to 3 high
(18 per row).

e. Containers can be 1ifted four high {so a transtainer is always able to
11ft the top container out),

f. A\ rehandles are within a row, and the mean rehandle time is
independent of the number of slots moved.

9. Interferance with untoading operations is negligiblae.
h. Containers are redistributed from storage in a random order.

. A Stacking configuration is not influenced by the actual combination
of stacks.

th Some of these assumptions are more critical than others. For example,
® aSSumption that a row is six slots wide is made simply to match the

Pﬂl"t of Purt AL
stem. Similar results may be achieved with other
"*"lntinns_]an s sy m r y be w

cont The assumption that the section 1s used exclusivelv for loaded inbound
Ainers similarly could easily be relaxed.




The constants and varfables used in this paper are defined as follows:

8. 5. = a sextuple denoting the number of containers stored in each
slot such that the total number of containers is L. That is, Sy =
(3, 2,1, 1, 0, 0) would denote three containers stackad in slot
A,dtwo in slot B, one each in slots 0 and D, and none in slots F
and F,

b. s3 = the ith component of S,

¢. V(S_) = the value of (S) or the expected number of rehandles until the
stack is depleted,

d. f1 = the cost of a transtainer/unit of time (%64.12/hour}.

e. [Cp = the cost of a row per unit of time.

f. N = the total (maximum) number of containers in storage {= Ng * L),
q. Ng = the number of rows to be used.

h. L = the number of containers initially to be staored in a row.

i. Tp = the fixed time associated with a transtainer move (19.86 seconds }.
j. Ty = the time for a transtainer to move one row number (1.56 seconds).

k. Tp = the time for a transtainer to rehandle a container [157.92 seconds).

1. T3 = the time for a transtainer to 1pad a container onto a truck
{157.92 seconds).

m. T4 = the mean time which a row is required for containers.

n. RH{L) = the expectad numher of rehandles per container for a stacking
configuration L.

The average cost per container is then made up of the sum of the space
cost, the rehandle cost, the transtainer move cost, and the actual cost of
moving the container from storage onto a chassis., This last cost is the
easiest to calculate and is simply the time to load the container times the
cost of a transtainer, or £y * T3.

The storage cost per container is the cost of a row per unit of time,
times the number of time units it will be accupied, divided by the initial
number of containers in the row, or Cp * T4/L. The rehandle cost for a
specific configuration is simply the transtainer cost, times the rehandle
time, times the expected number of rehandles per container, or Cr*Ty *
V(s ).

1 see the appendix for a descriptiom of the physical organization of th
PoP T-6 yard. _



The transtainer movement time is stightly more complicated. 1If a
transtainer is assumed to be dedicated to the section, then one may assume
it moves to a row, Yoads a container onto a chassis, and then waits at that
row until the next container to be loaded is identified. The transtainer
then moves to the appropriate row, Thus, one transtainer move per
container is required, This movement time comprises a fixed term plus a
variable term, dependent upon the number of rows moved. That is, the
average transtainer movement time when a move is made is Ty plus Ty times
(average distance moved) as measured in rows. If the inbound containers
are distributed throughout Np row numbers, where Np = k * N/L, then the
average distance moved is Np/8.° If the second container is in the same
row as the first, then the fixed time, Tp, wil) also be avoided. The
probability of this occurring is /Np.

The expected movement time is then
To (1 - L/N) + Ty (kN/74L))
and the movement cost is given by
01 (Tg {1 - L/N) + Ty (kN/AL))).

If the assumption that a transtainer is dedicated to dispatching
{nbound containers is not appropriate, them the model must be modified
slightly. For example, if it is assumed that the transtainer will alwavs
need to enter the section from an end and the transtainer must return to
the end after loading the container, then the average distance traveled is
Np or kN/L and the average travel! time is Tb + T1 * {kN/L), The latter
assumption would be more favorable to higher stacking configurations, For
our purposes, the former assumption will be adopted since this more closely
resembles current practice.

The total cost per container then becomes

total cost/container = CyT3 + SRT4 + CoT,V(S) + CyTy - Cplgl + C7T; K
L N 2

or

total cost/container = Cg + E;_ + Cv(SL) - CoL,
L
where
Co = €1 {Tg + T3)

€y = CpTg + T
.|

2 A 20-foot container requires two row numbers {k=2) while 40-foot
containers require four (k=4),




Solution

*
Now consider comparing a stacking configuration S¥ with S| + > where
* : 72 L ;oL ad S the
S_ 15 the optimal {bhest) confiquration with L containers/row A L+
optimal with L + 1. The configuration S¥ will be preferred 1if the total
cost for S is Yess than that for S 4+ 1. This mav be reduced to the
equivalent condition; L* is preferred i

L) (s, e q) - Vs - C

30}
C

Co

(%]

Then, to complete the solution, we need to calcylate only the expected
number of rehandles. Given the assumption that al! containers are equally
likely to be required first, the expected number of rehandles can be
calculated iteratively, In order to simplify the calculations and limit
the number of feasible solutions, we made one additional assumption: that
the exact slot a container is stored in is not significant. That is, the
expected rehandles for the confiqurations (3, 2, 1, 0, 0, 0) and (0, 3, 0,
2, 0, 1) are equal. Thus,

v((3, 2, 1,0, 0, 0)) = ¥((0, 3, 0, 2, 0, 1}).

More specifically, the expected number of rehandles for all
configurations with three containers in one stack, two in a second, one in
a third, and zero in the remainder are idantical.

To see how the expected numher of rehandles may be calcul ated,
consider the {2, 2, 2, 1, 1, 1) confiquration. Now consider the expected
number of rehandles, given that the hottom container in the First stack (A
is retrieved first. The top container must first be rehandled to another
stack (let's assume the shortest one}, and then the hottom container is
toaded. The resulting configuration is (2, 2, 2, 1, 1, 0Y. The expected
number of rehandles, given this particular container is reguired first, is
then the expected rehandles for the configuration (2, 2, 2, 1, 1, 0), plus
the incurred rehandle, or V((2, 2, 2, 1, 1, 0)) + 1. The probability of
this container's being required first is 1/9 or 1/L in general. 1f this
procedure is repeated for each of the containers in the confj guration and
the results are multiplied by the probahility of each container's being
required first and added, the result is the expected number of rehandles
for the configuration (2, 2, 2, 1, 1, 1), which hanpens to be 1.714,

Obviously, calculating the expected rehandles for CO"Figur‘atinns with

nine containers requires kr:rowing the number of rehandles fogr configurations
with eight containers. T™his poses no real prablems since the caie)asione
begin with the single-container confiquration and progress Lo two

containers, three containers, and so on,
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A simple computer program {BASIC language) was written to actually
rform these cq]cu1ations. The results for the optimum, least expected
rehand‘lesi configuration for a given number of containers per row are given

in T&ble .

Table 1. Expected Container Rehandles

Level Total Expected RHs
{Containers per row) Expected Rehandles Per Container

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 .571 .082

8 1.143 .143

9 1.714 .190

10 2.286 .229

11 2.857 260

12 3.598 . 300

13 4 585 .353

14 5.500 .400

15 6,640 .443

16 7.703 481

17 8.877 522

18 10.190 . bbb

Example

Let's consider an example of a case where we are to accommodate a
maximum of 444 inbound 20-foot containers. Assume the operating cost for a
transtainer is $64.12 per hour, the total cost per square foot for yard
space is $10.00, with a useful Vife of 20 years, and a row would be
required for one week after unipading the containers. The other time
values are all as previously given. Only 20-foot containers with a Is-foot
clearance between rows and stacks will be initially considered. As hefare,
six stacks with a truck lane will be assumed. The total square footage for
A row is then

7% (8 + 1) * (20 +1%) = 1430 £t.2,
Or a total cost of $14,300. Assuming a 20-year life and neglecting
Maintenance costs and the time value of money gives a weekly cost of
$13.78, The cost of a transtainer is $0.0178/second.

Then
Co = 0.0178 * (19,86 + 157.92) = 3.16

€1 =13,75 * 1+ 0178 * 1,56 * 2 + 24414 = 19,91




Cp = 0.0178 * 157,97 = 2,81

€3 = .0178 * 19,86 = .n4
>+ 43

1/Cp = 7.09

C3/C, = .014

The C3/Co term is neqliaihle and can usually be neglected. The decision
can then be based upon:

C]_/Cg < L (L + 1y (v (SE + 1) - ¥ {‘;E)).

Table 2. Critical Ratios for Rehandle

If 010 L*=
3.444 6
3.416 7
3.384 8
3.51 9
3.41 10
5.28 11
8.268 12
8.554 13
9.03 14
9.12 15
11.15 16
13.44 17

Critical values for C1/C> are shown in Table 2 and plotted in Figure I,
From this figqure a nlfcg ratic ot 7.09 would suggest the optimum number of
containers per row is twelve. This corresponds to uniformly stacking
containers two high with an average of 0.3 rehandles per container. The
total cost for this confiquration is

3.16 + 19,91 + 2,81 * {,3) - .04 * 12
12

total cost/container

$5.18/container
compared to

total cost/container = 3,15 + 19,91 + 2,81 * (0) - .04 * §
b

$6.24/container

for one-high stacking, or a 16,98% cost reduction,
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Ohserve that bath the space required and the transtainer movement time
would double for 40-foot containers., Thus, the C /C2 would double to
14.18, and the optimal stacking confiquration wou}d he 18 containers per
row. JSince the rehandle cost is relatively independent of container
length, but space and transtainer movement costs are directly proportional
to length, it will generally be more advantageous ¥o stack more 40-foot
containers per row than ?0-footers.

The mean time to Yoad a container is the sum of the time to load a
container, the transtainer response time, and the rehandle time, times the
average number of rehandles per container. Thus, the response time, T, is

To= T3+ Tp VISE) # To (1 - LANYY + Ty * kn/(L/L)

ar

T

T3+ Tp VISE) + To (1 - k/hg) + Ty E%——»

For our 444-container example stacked two high,

T =157.92 + 157,92 * {,3) + 10,86 * (1 - 12/444} + 1.56 * 2 * 444

4 * 32

U

253.48 seconds,

which corresponds to 4.22 minutes/container, or 14,2 container/hour. For
the six containers/row configuration, the mean response time would be

T

157,92 + 19.86 * (1 - 6/444) + 1,56 * 2 * 444/(5 * 4)

1]

235.23 seconds/container,

or 15.30 containers per hour. Although the 1Z2-container-per-row stacking
configuration is fustified based upon reduced space cost, it does decrease
throughput by almast 7.2%.

The time to store containers during shio unlcading fis relatively easy
to calculate., If the incoming containers are stored in contiquous rows,
the average time per container is

t=T3+TU+T1k’
-t
ar
t = 157,92 + {19.86 + 2 * 1,56)/12

159.84 seconds/container,

which is equivalent to a rate of 22.52 containers per hour for 20-foot
containers stacked two high.

If the rows are randomly distributed, the average time per container
is approximately



T3 + T0 + Tl kN/L
L

tﬂ

For the same case as above with 444 20-foot containers, this would give
= 157.92 + (19,86 + 1,56 * 2 * 444/12)/12
= 169.2 seconds/container,

or 21.28 containers per hour. Since each container entering the yard must
also leave it, then the mean throughput for 444 containers stacked two high
would be 3600/(253.48 + 159.84) = 8,71 containers/hour.

This model may be used to assist in deciding the optimum stacking
configuration for inbound containers., Tt should he noted that the
appropriate cost figures to use are the shadow costs, not the actual costs.
That is, if there is currently spare yard space, then the row cost should
be zerp dollars per square foot. However, if all yard capacity is being
used, then the cost per square foot should be figured at the cost for new
construction,

3. COMPYTER-ASSISTED LOAD PLANNING

Significance of Container Ship Load Planning

The work of container ship Yoad planning is important to a container
port because it determines how port resources are to be used during loading
gperations. Furthermore, ship turnaround time, an important criterion of
port efficiency and attractiveness to shipping companies, is determined to
3 great deqree by both the speed of load-planning effort and the loading
time resulting from such work.

A maior portion of this research effort was directed toward developing
effictent computer models for container ship load planning. Such an effort
was deemed important for the following reasons.

First, as a port’s size grows and its husiness volume increases,
manual load planning tends to be more expensive and soon reaches a certain
Capacity 1imit. A ship load plan involves using a great amount of data.

@ advent of efficient and very fast modern computers has made them a
viable alternative to manual planning for the load-planning work. The
advantages of using computers would be the accuracv of results, speed of
work, transportability of data among ports of a region, lower cost for
P'*“"fng. better use of port facilities, and shorter turnaround time.

Second, computerization of 1oad planning opens the door to port
automation, (ontainer port automation in Germany and Japan has been
reported in Geisler and Trautnitz (1977) and Ninomiya and Nabeshima {1976).

S¥stem reportediy instalied at Hamburg seems to include a type of load
pla"“‘"ﬂ which generates yard transport orders so that yard movements are
minimized, No 1iterature has heen available that gives us an insight into
the details of their system. The Tokyo system is for a rail freight
erWinal, and it is difficult to determine whether the automated system




cortrols ship-loading operations or not. In hoth systems, material-
handling equipment is connected to a central computer so that their
movements are coordinated and oobtimized. Both reports state "cansiderable™
increases in throughput and decreases in unit handling cost.

Containerization was a revotutionary concept in world trade. Rut
containerization requires a high level of capital investment., Port
automation is bound to come as a necessity to most of the world's major
ports in order to sustain their competitive status in ocean trade. Port
automation wil) he the next revolution. And this automation revolves
around the software which aenerates plans for the optimum use of a system
based on requirements of both port-side and ship-side operations.

The Problem

At first, the load-planning process appears guite simple. The hasic
problem, given a set of containers in the vard and a set of locations on
board ship, is to determine the allocation of containers to locations and
the Toading sequence so that all conditions are satisfied and material
handling cost (time) is minimized.

The conditions that must be satisfied include ship stability;
requirements for the storage of hazardous carge; and such special storaqe
requirements as refrigerated units, deck strength 1imits, container stack
height Timits, and container tength restrictions.

The material handling costs mav be divided into two categories: those
incurred at the current loading port and those incurred at subsequent ports
because of the load plan currently developed. The latter category includes
the costs of shipboard rehandles due to unnecessary overstowages and
extensions in turnaround time at suhsequent ports resulting from improper
bay use. An overstowage occurs when a container destined for a latter port
is stowed on top of a container for an earlier scheduled port., Thus, the
top container must be rehandled in order to unload the bottom container.

Subsequent material handling costs also include delay costs resulting
from the improper assignment of containers for a particular port to bays,
Tf containers for a specific port are distributed among many hays, then
additional unloading time is required during unloading because the
additional hatch covers need to be removed and replaced, Also, if
containers are assigned to contiguous havs, it will not he possible to work
the ship during unloading operations with two cranes because of crane
interference. Again there will be subsegquent delays and costs because of
poor planning.

Direct loading costs are generally attributable to ship, crane,
transtainer, truck, and crew times for loading. Thus, direct loading costs
are approximately proportional to loading time. In a one-transtainer to
one-crane operating mode, the transtainer is generally the limiting element
during the Jeoading operation. Therefore, minimizing transtainer time
minimizes loading time,

Transtainer time can be broken down into the time to move containers
from storage onto chassis and transtainer movement time. The first of

11



these is independent of the actual toad plan, but the second is dependent on
it. The transtainer movement time can be considered as the sum of the

yement time ?etween rows, the section change time, and the time to
rehandle containers stored on required containers.

The general problem, then, was to develop a container loading sequence
which would meet all the specific conditions while minimizing overstowages
and loading time. Since the transtainer is the Vimiting factor, the
minimizatton of transtainer movement was of paramount importance.

Other Efforts at Computerized Container Ship Load Planning

A literature search revealed no computer-assisted loading systems
designed with a transtainer yard in mind. Some efforts have been made to
develop load-planning algorithms for yards which allow random access to
containers and for straddle carrier vards, These were useful chiefly in
i1lustrating the difficulty of the task and in confirming the problems
associated with using some of the traditional mathematical solutions,

Betiech (1974), of the Naval Postgraduate School, did a study of
preload planning with military applications in mind. His model assumed a
single container length and random access to containers in the yard.
Random access ¥s reasonable if containers are stored on chassis or stored
without stacking. This requires a large storage vard,

Beliech considered the use of integer programming for load planning
but dismissed the idea because of problems formulating the problem and
because the expected solution time was excessive., The solution method he
proposed was a heuristic.

Beliech's heuristic attempted to minimize overstows, place hazardous
cargo according to U.S. Coast Guard regulations, and preserve ship
stability. MNo other constraints were recognized, Limits on the height or
weight of containers in certain bays and on placement of refrigerated
(reefer) units were omitted. Avoiding crane interference was not
considered either, The emphasis on hazardous cargoes in Beliech's research
may be due to the frequency of munitions in military shipments,

No attempt was made to actually code Beliech's heuristic, so no test
results are available. Even if it works as designed, Beliech's heuristic
will be of 1imited usefulness. This is due to the assumptions of a single
container length and random access in the yard and to the ommission of
vessel constraints such as deck strength and Yocation of reefer plugs.

Hydronautics has come out with the most complete computer-assisted
load Planning system to date {Cojeen and Van Dyke, 1976). The system was
first developed for batch rums in the late 1960s. It has since been
Converted to an interactive program. The program avoids overstow of cargo,
Can handle containers of different length, and has a system to achieve
stable Yoads, 1t also recognizes that reefers are restricted to cells with
EIQCtriCi1 plugs. There are contradictory reports as to whether it
Constders gock strength, with Hydronautics claiming it does {Cojeen and Van
-‘( 1976) and an evaluation team from Matson Terminals stating it does

len, Meade, and Scott, 1978). Special contatners such as
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hazardous cargoes are not placed hy the program, but their locations can be
specified by the load planner. The program can handle cargo when it is
stacked in the yard, but does not consider travel distance for material
handling equipment, These assumptions are appropriate for a straddle
carrier yard, The ohjective of the program is to minimize the ballast
needed and to prevent crane interferance.

A test of the system by Matson Terminals was financed by the Maritime
Administration {MARAD) of the United States (Thnolen, Meade, and Scott,
16878). Matson reported that whereas the user interfaces of the system were
excellent, erronecus assumntions ahout the distribution of containar
weights could cause stability problems. The hydronautics model assumed a
uniform distribution of container weights, Matson cargoes tend to have a
bimodal distribution. DNne mode is very light and represents empty
containers. The other mode is heavy, a fact which may he due to customers'
maximizing container use, The hydronautics model used nearly the opposite
of the optimal strategy in this situation, placing heavy containers on top
and light containers on the bottom. The resulting lack of stability was
considered unsafe.

Since the evaluation of the Hydronautics madel, Matson has continued
to work on computer-assisted load planning. In the report for MARAD,
Matson formulated a constrained assignment model {Thoolen, Meade, and
Scott, 1978}, The constraints included were for stability, hazardous
carqo, deck strength, lashing strength, racking strength, reefers,
overheights, container support, and stacking in the yard, Lashing strength
is the ability of lashings to hold on-deck carqo firmly and is thuys similar
to deck strength, Racking strength is the ability of containers to support
other containers. Some specialized Matson containers have low racking
strength. Container support refers to insuring that each container rests
either on the ship structure or another container. The objective function
was to maximize profit. This was done by maximizing the number of
containers loaded and crane use, and minimizing overstowage and
interference between straddle carriers. No attempt was made to solve the
problem of constrained assignment,

Matson researchers later concluded the constrained assigmment problem
was inseluble with present computers because of the large number of
variables {Scott and Chen, 1978). They then proposed a simplified model
using integer programming, The modet recognized all constraints Yisted for
the constrained-assignment model except stahilitv and stacking in the yard,
Avoiding overstowage of carqo was also made a constraint, The model uses
stability as the objective function, with the intent of minimizing hallast
required for a voyage, Cargo with difficult constraints is placed first,
Reqular containers are first sorted by port, then by general weight using a
clustering algorithm. Integer programming is then used to assign
containers from the port-weight groups to bays in the ship. If problems
occur with stability, containers within the ship are exchanged by a
heuristic until acceptable stability is achieved. This model has not been
tested.

The Matson model will likely result in feasible load plans, but it
currently ignores crane interference and prohibits stacking of containers
in the yard. Matson proposes additions to the model which would minimize
ship crane interference, and a study of the yard to see if stacking
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olicies could be devised which would be compatible with the model. Even
if these stud]es are successful, the model will be more appropriate to_
straddle carrier yards than to transtainer yards, because the travel time
of equipment is not considered,

Basic roach

After reviewing all the special container and 1oading conditions and
the frequencies with which they arise, we did not feel that a completely
computerized Toad-planning scheme which could handle all vessels and
voyages was appropriate. Rather, an integrated approach, combining the
best features of manual and computerized load planning, appeared
preferable. Our basic approach was to develop a computer-assisted
loadplanning program rather than a fully computerized system,

The analysis of a sample of outbound containers indicated that in
excess of 90% of the outhound containers were of either the dry or
refrigerated type and that over 80% were shipped on the Asian trade routes,
It therefore seemed appropriate to allocate to the computer-assist portion
of the load planning system the relatively routine task of planning the
loading of the dry and refrigerated containers, while leaving the more
complex task of planning the loading of the specials to the manual load
planner. It also seemed appropriate to concentrate on the modern ships
specifically designed for the container trade, since these ships
represented a growing majority of those being served,

The primary emphasis of our study was on developing a computer-
assisted load planning system which would plan the loading of 90% of the
containers on 90% of the voyages: the 90/90 rule. 1t was felt this
strateqy would not only maximize system performance, but also enhance user
(Yoad planner) acceptance.

Assgmgtions

Several assumptions were made before developing a solution to the
problem, These assumptions are summarized in Table 3. The first
assumption was that container handling equipment would be of the
transtainer-yard type. That is, a combination of transtainers, trucks, and
ship cranes would be used to transport containers from_the dock to the
ship, This is, of course, the system used at the PoP.3 This required a
second agsymption, that empty containers would not be included in the model

ty containers at PoP are usually handled with modified fork 1ift trucks.
Transtainers can immediately access the top container of any stack in a
section, whereas top loaders can only access top containers nearest to an
aisle, Leaving empty containers out of the model should make tittle
dm“'@!f“i!ﬂt:e., since if empties are to be shipped it makes no difference which
contatners are taken.

'-——__""*—-——.__.
3 PoP Tepresents the Port of Portland Terminal T-6.
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The next assumption involved the ships to be loaded. Gtder containe

ships are usually break bulk cargo ships which were modified to handle

containers. These ships generally do not have extensive ballast tanks to

aid stability. Newer ships have sophisticated tank systems which can do

¢

areat deal to adjust stahility after a ship is loaded. Since newer ships

are rapidly replacing the older variety at the PoP, it was assumed that
only the newer ships would be loaded by the computer. This assumption
implies that stability will not he difficult to achieve and that the
Aifficult oart of load planning is ta insure that material handling time
minimized,

The final assumptions were related to the container yard. Tt was
first assumed that all containers for a voyage have arrived and that the
yard positions are known. The PoP sets a cutoff time for containers
arriving for a voyage, so this assumotion i< not unreasonahle. In
addition, it was assumed there would be one transtainer paired with each
crane servicing a ship during loading operations and that a ship may be
serviced hy either one or two cranes.

Table 3, Container Lnad Planning Assumptions

i

ir

General:
Yard handling of containers will be by transtainer truck.
Empty containers will not be considered.

Ship stability vs, material hand}ing costs favor material handling
cost,

A1l containers for a vovage are in the yard.

dne or two dranes per ship operation.

One transtainer per crane operation.
Operator tasks:

The Toading of hazardous and unusual cargoes would he handled
manually {less than 10% of all containers).

The sequencing of bays to be loaded would be an operator input.

The assignments of al) regions within bays would be an operator
input.

Computer tasks:

The assignment of dry and refrigerated containers to lecation in
bays.

The sequencing of containers to he loaded.

The transtainer's movements.
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It was also assumed in the interactive system contemplated that the
operator would handle the Toad planning of hazardous and unusual carqoes,
the sequencing.of_the bays to be loaded, and the assignment of container
destinations within @axs. The last item is generally the prerogative of
chipping company officials, and it was felt that they would not want to
relinquish this latitude.

The sequencing of bays to be loaded is generally a relativelyv simple
operation. The prime constraints are that underdeck bays must be loaded
before the covering on deck bays and that if the ship is heing worked by
two cranes, minimum crane separation must he maintained,

The computer program would then handle the sequencing of dry and
refrigerated containers to he loaded and the assignment of each to a bay
tocation,

Priarities

In developing a container ship load-planning algorithm, we established
certain priorities, First, because of their cost of operation and the time
involved, it was decided that the container cranes should be moved from bay
to bay as infrequently as possible. That is, once you begin loading a bay,
ft s advantageous to completely fill it, if possible,

After the container cranes, the transtainers are the most critical
items. Actually, the transtainers are probably more critical than the
cranes, since about 1.3 transtainers are reguired to meet one crane's
capactty, As mentioned previously, a transtainer's time during lcading
operations can be separated into the time hecessary to load containers from
stacks onto truck chassis and the transtainer movement time, The first
component is productive time which camnot be avoided, Although the
Movement time cannot he totally avoided, it can be minimized. To achieve
this, the following priorities were set. First, minimize transtainer
nonadjacent section changes, then minimize container rehandles, and
fina!ly, minimize adjacent section changes, transtainer moves, and total
distance travelled. These priorities are shown in Table 4,

Table 4. container Load Planning Priorities

——

The cranes shall be moved as infrequently as possible. {Once you
begin oading a bay it is advantageous to fi11 it completely, if
possible.)

Transtainer nonadjacent section changes should be minimized.
Tontainer rehandles should be minimized.

Transtainer moves should be minimized.

Transtainer distance traveled should be minimized.

-_-"'"'-—‘__




Alternative Solutions

As with most problems to he solved by computer, the possible solution
algorithms for the load-planning problem can be divided into alqorithms
which quarantee optimalitv and heuristics. An optimization alqorithm would
generally he preferred. Consequently, we made different attempts to
forTu1ate the problem so that classical optimization techniques could be
applied.

We attempted an integer programming formulation, a transportation or
assignment formulation,and a dynamic programming formulation. The problem
was formulated as a mixed integer program with variables for each
combination of cells and containers., The problem quickly became too large
to solve as a linear program, much less as an integer program. Other
formulations, such as having variables onlvy for each combination of cells
and containers with the same port and length designation, cut the number of
variables considerably, but not enough to solve the problem as an integer
program,

Formulating the problem as a transportation or assignment problem is
not practical hecause of the objective function. The main goal is to
minimize transtainer travel time. Travel time from the transtainer's
initial position could be used to develop a cost matrix for a
transportation problem, However, after the transtainer had moved once, all
the costs would immediately change. The transportation algorithm requires
constant costs to find an optimal answer., FEven if a way is found to
develop an objective function, adding the constraints to the problem would
destroy the transportation format.

A dynamic preogramming formulation also encounters difficulties. The
problem can be set up with each successive container selection considered a
stage and each possible transtainer location a state. Unfortunately,
hecause of the large number of stages and states involved, one state for
each container at each stage, the dynamic programing formulation becomes
too taborious to solve to be practical.

Failure to obtain a problem formulation which would allow it to be
solved by an algorithm which guaranteed optimality Yeft the variegated
realm of heuristics., The two approaches considered were to use a
modification of an optimization algorithm or to try and emulate the
technigques currently used by load planners at the PoP. There were
significant disadvantages to each approach.

Modification of guaranteed optimal algorithms would require overcoming
the problem of the number of variables for a 1inear/integer programing
approach, modifying the objective function for transportation problems, or
dealing with the dimensjonality problem for dynamic programming. In
addition, it would require a way to deal with the constraints for the
transportation problem or dynamic proararming, ne sudgestion for the
latter difficulty would be to solve the unconstrained problem, then modify
the sotution to bring it to optimality. If such an approach would prove
feasible, its potential for generating very good solutions was very good,

The second approach, modifying the load planners' oresent system, also
had pitfalls, It seemed likely that a set of decision rules could be
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developed in this manner, but such a set of rules would necessarily be
incomplete. Planners currently take into account a great many factors
which vary widely with each 1o0ad planned. Any subset of these rules would
run the risk of not meeting the goal of loading 90% of the ships adequately
90X of the time. There also was the question of whether a computer could
improve upon the plans generated by port personnel using their own

techn 1qu85 +

In the final evaluation, the automation of the Toad planners'
heuristics appeared to have less risk and would more easilv accommodate
unusual situations. Therefore, a heuristic (NCH) was developed based on
the decision roles currently used by PoP 1oad planners,

4. THE NEAREST CONTAINER HEURISTIC (NCH)4

Introduction

We roughly applied three principles while developing the heuristic
solution to the Toad-planning problem. The first was to use current
procedures when feasible. The second was to assume that stability would
be relatively easy to achieve and that more attention should be paid to
procedures to achieve good material handling. The last was that when
multiple alternatives were available and there was doubt as to which was
superior, the simplest option would be tried. These attitudes did much to
shape the algorithm.

The first step in the solution process was to decide the order in
which in-bay cells would be filled. The starting point here was the load
planner's bay sequence Plan. It was decided to request some additional
information from the 1oad planner at this point. First, the order in which
ports would be filled within the bay would also be entered, This does not
currently appear on the bay sequence sheets, Furthermore, targets for the
number of Tight, medium, and heavy containers for each bay and port
combination would also be input. The planner would decide the targets
based on stability considerations, Although it was expected that
deviations from the targets would not have a Varge impact on stability,
having a qood initial starting point was felt to he important. The
operator would also input which crane would be used for each bay and port
Combination when more than one crane was to be used.

Given that the bay and port combinations were selected as specified,

:he tiers for that bay-port combination would be taken from bottom to top.
Hithin each tier, cells were selected from river to dock side. When
‘°°d1"9 on deck, crane operators prefer to start loading from the river
§1de S0 they do not have to 1ift later containers over those they have just
d?aded. Selection of cells was therefore first controlled by the planner's

rections, then by two straightforward rules based on crane operator's
Preference,

.“-'-‘—._-___-_---
4

See Kart1n. 6. L., for a more detailed description of the program.
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After acell had beenchosen, the next sten wasto find a container
for it. ~ Arough quidelinc in container selection wasto pick the nearest
acceptable container. Application of this rule wasnot consistent
throughout the algorithm, however.

Oncea cell was specified, there were two cases. Thefirst, or normal
condition, was that the weight or height of the container was not of
special impotance The weighttarget for that cell could be applied, but

deviation from it wouldpresumablaffect. stability only slightly. The
secondcase waswhenthe cell wasat the top of an on-deck stack and the
weight of the container could exceeddeck strenqgth limits . In this case

there wasa striCt upperlimit on the weight of the container, andSpeCial
procedureswere required. rjeviation on the low side would again only

affect stability to a small riegree different  methodsof container
selection were developed for each case.

The methodof container selection usedfor mostcells wasthe one
wheredeck strength limits were not a consideration. Thesecells had a
weight-class target of light, mediumor heavy; hut it wasnot expected
that strict adherenceéo the targets wouldbe necessary. It wasdecidedto
expandhe weight rangeswhichwouldhe acceptedor a weightclass, with
the amounthe r angesvereto he expandebtéft as anoperator input. This
would result in overlapping rangesto be usedas targets. Anoperator
couldtry a runwith verywiderangesandcheckstability. If stability
limits wee exceededanotherun couldbetried usingnarroweranges.
Limits would not changeduring arun. Therefore, the first actions after
selecting acell were to determine its weight class andto calculate a
range for the weight of the container to fill it.

Residesweight, three other factors hadto be checked. Thesewere
Bort, Iength,ands_ometlmé!m%ht. Helgh'waschec_kednlyﬁ the cell
eind'illéd wasin a 20-foot, underdedbayandif nomordigh cubes
couldbe allowedn that stack Port andlengthcheckserealways

required.

With port, length, weight, and sometimelseight requirements
determined, the algorithm then searchedfor a suitable container. The
first placesearched wasthe transtainer's currentposition, or the
"current” row. If only one of the containers in the current rowwas
acceptablet, woulbe"loaded"i.e., assigned the cell beindilled! .
If morethan onecontainemwasacceptablethe algorithnselecte
tcorlztailnershat minimizedrehandlesthenchoséhe containenearestthe
ruc ane.

If nonef the containerdn the currentrowmwereacceptablethe
searclwasexpanddd otherrowsin the currentsection i.e., the section
the transition wascurrently in! . Rot all rowswereimnediately .
considerednowevercandidateowswereselectedoy the averagaveightof
the containers in the row. Thereasoning behind this policy wasas
follows. Cellsfor aPartlcuIar ort Ienc1th,andNelghthass_usuaIIy
came groupsA 40-todgaythathad?2 cellsfor theportkobmight
havehadl2 heavieslesignatédor it.  Tliealgorithmvouldookfor a row
wherdhe averageveightof the containersvasalso heavy so severalaf
the cells couldbefilled” fran the sameow. Aswiththe container
weights.the weightrangeusedvhersearchindpr a rowcauldbe varied for
each run by the operator.



Wherthe candidaterowshadbeendeterminedthe algorithm searched
thenfor an acceptablecontainer If morethan one acceptable container
wasfound, the algorithmfirst minimizedrehandles, then took the shortest
travel distance. If noacceptablecontainers were found, the search
proceeded to other sections.

FrOnhe currensectiorthesearcimovead the ad'iacergectionif
anycontainers for this voyagevere stored there. randidate rowswere
developedsing the samwveightrangeusedfor the current section. The
candidatewswvere thensearchedsingthe sameriteria of minimizing
rehandlesind travel distance usedbefore. If the adjacent section failed
toyield an acceptable container, the other sectionsweresearchedn the
samevay. As sooras a sectiorwagound with an acceptablecontainer, the
bestcontainer in  termsof rehandleandtravel distance wasloadedandthe
searcherminated. If noacceptableontainers werefoundin any of the
candidatewsn anyf thesection#he searcheturnedo the original

section.

Atthis ?ant theallowable weighior a candidataowwashangéal
anyweighbutsidetheoriginal  range. Thusany rownotalreadychecked
woulthenbe a candidaterow. The&earchof the original sectiorwas
re_peate@smghenewrlterlafor candidatewsandthe sampolicyf
minimizingehandlemdhemlistance. |f noacceptableontaineras
foundhe searclwoulterepeated for othesectionstar'tingiith ~ the
adiacesectioranatontinuingwiththeotherd necessary.”If any
sectiomadan acceptablecontaineit woulelocatecandoaded.If ho
acceptableontainewvaavailablenywheran the yard, the algorithm
eturnedto theoriginal sectionandthe failre to find a

eventuall
Fontai r thatc Ilwaﬂoted.%ﬂ%ﬁrdless q] whethea containewas
ounar not. thea gOI‘It mov enextell an egana negearch.

Tthtﬁsegond?ethcm goné«tamﬁse#cﬂomvasesetrveﬁbr Ctﬁ“S which
wereat the top of anon-decktack. Tooheavya containerin this case . .
woulcesultin overloadinpedecktress(imits. Pé)é)ersonngtﬂnted
out,thou%hhatthellghtestontalners mighbeneededater in other
stacks. Theythereforgecoeeendethat the heaviestontainewhickvould
notactuaTTgxcee@hedeclstren thmits beloaded. Thiswouldave
the Tighter containers for possibldater needs.

It slecidedmodifythi licto increaseflexibiljty.
ofusin ﬁeﬁeawe onj_ mwﬁ%%c e Qa eran ng{ e
considéregligible for Joa mgnf\accepta, le containevithiran
erator-s emfhed/ ightangeftheheavie ccephta le container.
thoseontainershechoicga®mharrowed to thosahichhinimized
rehalr11dlesthemheorlevh|ahn|n|ml_zedtraveldlst nowasoaded.
witithenormaearchfora containethesearc hewellglabulhe
ritical roceeq[edsect{%k@/sectlon.lf anaccePé%bl ontajn

t S
ocaten a sectioma ctions wersea I#FO f]he
sectiongaghesamesirs'thecurrergectiowasheckethertne

adgace.lstectlon.andJHallétheao ad!acentgecttonsS|chll rgwep
a sectiowereconsideredndidatewsachectionasheckedonly

If >oaln%cetptable&r5am aﬁoupcthafactwaﬂotgﬁ int~
regulasrearc utinean oading algorithmroceedexthenext
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It shouldenotedhat thepoliciesadopted thetwocontainer
searchproceduredurther refined the obiectlvefunction. me result is a
mixed ohcg of rra"lmlém%then mbeof transtainer movesthe transtginer
distancéraveled,an number renandlesln thereqular searc
routine, the numbeof movess first minimized. If a moves necessarY&
the numbef rehandless minimizedextandfinally the distance'
traveled. In the critical weightsearchioutine, the numbeasf moves
ingored; rehandles are minimized first, then transtainer distance,  within
the li»ts  of fi "dinq a container of acceptableort, lenqgth, and weight.

It maybe notedthat no considerationwasgivento reefers>
refrigerated containers, in the algorithm, Thisomissiorwas not
accidental. Whersteamshigine representativegve Pofpersonne'l
directions on whereto locate carqo for different ports in the vessel, they
distinciuish betweenreefers andreqular cargo. Oifferent portions
vessel are set aside for each. In effect, reefer carqo andregul ar
for the samedestination port canhe consideredas cargo for two diff+«nt
ports.  PoP personnel currentlv  distinquish  betweenreefer and r~ul ar
cargo for the samebay. It wasthus decidedto makeno special
arr angementsfor reefers but to simplv handle it with the algorithm's
provisions for separate ports.

Whenall cells of the vessel have been checkedby the al qorithm, and

as many as possible have been filled, the matter of stability remains. No
way could be devised while developing the algorithm to check stabil ity as
loading progressed, so it was decided to follow current PoOP procedures and
checkit after the loadinqg wasfinished. Thefinal step in the algorithm

was therefore to calculate stability. If the calculations were  within

tolerance, the plan could be used. !f they were out of tolerance

parameter changes would have to be madeto the ranges usedwhen searching
for a row or acontainer and the alqorithm rerun from the beginning. The
first  run with acceptable stability  calculations would be used.

Evaluation of the Nearest Container Heuristic

Nowthat the sub.iect of howthe algorithm works has been dealt
the remaining maior topic is howwell doesit work? Naturally, tnis,
guestion must be broken down into measurable criteria. The first
that must be established is whether the algorithm works at all
containers and a ship, can the programsuccessfully matchthe two'
secondcriterion is feasibility of the load plan. Are constraints
regardingstability, deck-stresslimits, andhigh-cubdimits rnety
third criterion  to be considered is whetherthe material handling
efficiency of the programs acceptable. It shouldoe remembered
of the original ob{ectlveswasto be at least asgoodasthe currying ~~ d
in termsof time to load the vessel. Thefinal criterion is what r<s~
are requiredby the programM™ownuclmanagement andcomputetilne. will
needetbr programoperation. Reducmgemanag\ememnmenmw ~0
loadss of greatinterestto the Portof Portland.Afterthe @q<r~a~
results havebeenevaluated, pertinent points fromthe results ~~

individualvoyagewiill hediscussed.
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Stabi it Results

Whether aload plan's stability is adequate or not must be decided by
ship's  officers. They have the ultimate responsibility for the vessel and

its cargo. They also know how much the shio's hallast system can modify

the stability  for the load plan supplied . The load planners, however, do
have targets and ranges for stability  which they try to achieve. These
vary with the season. Table 5shows the targets and ranges used by the PoP
for sumner and winter .Whether or not aload plan meets these limits, the
vessel's  officers make the final determination of acceptability.

Table 5. Stability Ranges

GM

Target Im. imn
Winter range 08 -19 0- 15
Sunmnerange 0.65 -2.0 0- 15

Stability calculations for the four voyageswere not alwayswithin the
desired limits . However, calculations for the computer load plan were
within a few percent of those for the PoPplan. Table 6!. GM
calculations ranged from 3.7%to 1.1%under the PoP's. Trim calculations
rangedfrom 1.% to 7.1%underthe PoP's. Consultation with PoPload
planners revea'ledthat this range is consideredacceptablefor all voyages

Table 6. Stability Results for Test Voyages

PoP Computer _
Uoc-alp Plan Plan Diff. % Diff.
~Jaan~Apla VS GM 1.77 1.75 -0.02 -1,1
Trim  0.95 0.96 +0.01 +1.1
~Jaan ~A0110V10 Ql I.na 1.92 -0.06 -3.0
Trim  2.06 2.02 -0,04 -1.9
Alaska  Maru V89 GM 1.64 1.58 - 0,06 -3.7
Trim 0.57 0.59 +0.02 +35
Alaska Maru U93 GM |.~> 1.29 -0.03 -2.8
Trim  1.04 1.12 +0.S +7.1

Thestability resultsobtainedythe progreiare especially
surprisinggiven  the weight rangesisedn the runs. %e prograis
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des~9>~cftp allowthe loadplannerto emphasiza de-emphasizestability
bytighteninqg_or loosenin ewelqhvan?esjsedm rowandcontainer
«a«hes. Thewe;ghtrangesisedor the four test voyagesvereverywide,
especially  for individual containers. Table 7 showsthe parameters used.

+iquves, for row andcontainer range increases are the amountthe range
is incr assed in both directions. Thus, if arange is from 15to Z3,
<n«easing the rangeby lpchangeg to 5to 33. Thecritical weight

is the maximurdifference betweentwo container weights that will

still  be considered the sameveight hv the critical weight container search
subroutine It hasonly a small effect on overall program performance.

Parameters IJsed in Test Vovages

Row Range Container Range Critical
Vpa~de Increase Increase
~Jaan ~Apl le VB
~Jaan ~Aollo V10
Alaska  ataru VB9 1z

Alaska Maru Y93

Me effect of the parameters used is perhaps better illustrated by
Table 8. This shows the ranges that resulted for row and container
searches fram the parametersusedfor ~Jaan ~Aetio V10 and Alaska MaruV93.
For 2'0-f'oot containers any weight would be accepted for light and medium
eel IS .iorll y very light containerS wOuld be rejected fpr heavy cellS . FOr
40-foist  containers, containers wouldbe excluded for everv weight class,
but ~~ly' the heaviest andlightest containers are excluded.

facie 8. Rowand ContaineRanoe®r ~Jan~Aotlo 910 and
Alaska Maru V93

Eleigsh: ~BasidRane ~RowWan e
20 40 40
Light 0-1G 0-irk -41-14 -41 19 -11! -21 -11!1-26
10-15 15-23 6-19 11-27 4-34

Heav.V 1521 2331 4-32 4-32 12-42



The ease of achieving stability even with wide weight ranges may be
due to a preponderance of heavy containers for the four voyages. Table 9
showsthe numberof containers in each weight class. For all voyages heavy
containers account for at least 60% of all containers loaded. Less than
10K of the containers loaded were classified as lights. It may be that
narrower weight ranges would be neededif container weights were more
heterogeneous. Theweight distribution  of containers for the test voyages
is not typical for the PoP, however. Astudy of export containers at the
PoP's terminal 6 Cho, 19BQfound 8X of the containers were lights, 34K
mediums, and 58K heavies. Problems with stability at the PoP are thus not
expected.

Table 9. Numberof Containers in EachWeight Class for Four Voyaqges

~Jaan Alaska Alaska

~AolloV5 ~Aol'la V10 Maru V89 Maru V93
Weight
Class No ~ No. No. No.
Light 83 17 7 52
Medium 64 25 120 36 55 21 46 22
Heavy 186 72 201 61 18q 72 160 76

Material Handlin Results

The influence that aload plan can have on material handling time can
be attributed to five discrete factors. Four of these have to do with
movementof the transtainer yard crane!. Thelast is the numberof
containers for the voyage that must be rehandled. The four elements of
transtainer movement are the number of moves, the distance traveled within
yard sections, the number of times the transtainer moves between adjacent.
yard sections, and the number of times it moves between nonad.iacent yard
sections.

The number of moves made is significant because each one requires the
tr anstainer to accelerate, decelerate, and position itself .The distance

is of course significant because transtainer speed is finite. Chanqges
between adjacent yard sections are reallv,iust added distance. These are
changes where the transtainer can drive across the center aisle into the
next yard section. The analysis distinguishes between these moves and

distance  traveled  within  sections because it was simpler to keep track of
them this way. Changes between nonad,iacent section changes require much
more time.  These section changes require the transtainer to stop in the
center aisle, turn the wheels90', travel downthe center aisle, turn the
wheels back, and then move into the new section. Nonadjacent section
changes are thus counted separately.
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Time studies were used to measurethe influence of the five factors on
loadingtime. Thetimes recordedwere movdimes for various distances,
timeto changdetweemonad,jacergections, and  time to load containers
out of a rowto the truck. Thesewere then usedto develop time estimate~
for eachof the five factors Table 10'.

Thefirst step in developing times wasto distinguish betweenthe time
neededo accelerate, decelerate, andposition the transtainer, andthe
timeto travel variousdistances. This wasdoneby recordlng times for
variouslistances andthenreﬁressrng time against distance ~ The
correlation coefficient for thesepoints is O.0783. Regressing
against distance gives the model:

time = 19.8622seconds 1.56236seconds/rownumbertravel ed

Rowumbersvere usedas the distance unit since locations at the pop
are recordedhis way. Rowumbersare 10.8 feet apart. This model gives
a constant time of 19.86 secondsfor everv moveand additional time of
1.5623&econdfor everyrownumbeiraveled by the transtainer. This
figure for speectorrespondso 416feet/minute. Maximutranstainer speed
accordingto equipmentspecifications is 440feet/minute. Oncethe
transtainer speeds knownthe extra time neededo travel between
adjacenyardsectionss easily calculated. Thecenter aisle is 1043
f'eetwideor the equivalentof 9.66 rownumbers. Thetime to cross the
center aisle is thus 16.09 seconds.

Tocalculatethetimefor nonadjacesectionschangeshe timeto

C%rn thewtheelsmovedowrlh aisle, %ndturn the wheel ackwasnegded

servati | on cesgctioghangegielde vera
or‘b 1 5@9conr%ettra sta % %vratronfgglﬁec 3&1than
non% %ceaﬁctlorc angeEh_(Igtranstalnevwllonavera gaversehe

dtbtthe centemaisleoncelhetimeo cross the centeraisle 15.09
seconds--ithusaddetb the nonad,iacesgctionchangéme. In
additionthetr anstainemakes completaoveut of the original section
anda seconghovénto the newsection Only oneof thesemovess counted
inthe numbe&f movestatistics, sothe timefor the secondhove--19.86
secondss addetb the nonadjacesectiorchangaswell. The total
timefor nonadjacensectionchagesis thus25346 seconds. Therers
anotheonsideratiorhoweveNotll nonad,iaceectioohanges
actuallyakeplace. Durrngrormaiusrnesrmurst ePtha our
transtalnermann serviceuckseliveringnd prc mgupcontarners
Whem vesseas bein egl ed transtd':unerare&ace na areasvhere
container®rthevessare located. Insteadf actuallymoving
transtamersbetweesrectlonsthe port smpl W|tche9§romone K

anstarn %not erMa tio emev lace,
rt wagl u ah |ac anges
rrn an smess ouran I an e ep cea
|mes o wor vessdiv cs gv%rv
|srn egﬂr cen$ec anges
S)Ub v r 4or643 thetl e Rat et an rz
rm| er adedwem Ire hetimef rnona cent
ectrorc an etanex ect eor sectionc

t elongrun. dlgure talneds 162.94econdernona acent
section CThange.



Perhapsthe mostdifficult time to obtain wasfor the fifth material
handlingfactor-rehandles. Wheia containeris rehandled,two things can
happen. If the container canbe placed somewherelse in the samerow
without blocking anothercontainerfor the samevoyage this will be done.
If all stacksin the rowstill havecontainerdor the voyagethe _
transtainer will _movdo a nearbyrowandplacethe containerthere. Times
for this are diffi cult to obtain because¢here are fewrehandlesper

voyage.

Todevelopa time for rehandlesvemadéwo assumptions. Thefirst
wasthat the rehandled container would alwaysbe placed in the samerow and
no transtainer movementould be necessary. The secondwasthat it takes
the samemounbf time to movea container from point to point within the
row as it doesto moveit from the rawto the truck. Since the transtainer
o%eratorusually_ pausesandverifies the container heis to take by radio
whera rehandléis neededthis mayresult in underestimatinghe time
neededfor rehandles. Giventhese two assumptions,the data neededis the
time to movea transtainer from the row to the truck .

Whileit is difficult to tell whenndividual containersare movety
the transtainer, it is easyto tell wherma transtainerbeqingpicking
containersfrom a row andwhent stops. It wasthus possible using a load
lan to calculate the averagetime to take containers from each row.

eightingthese averaqgdimesyielded anoverall averagdime of 157w92
secondsto movea container from its position in the rowto the truck.
This is the fiqure used for rehandles.

Table10. TimedUsedor Material Handling

Transtainer Moves 19.86 seconds/move

Distance Traveled Within Sections 1.56236 seconds/row number
Ad,iacent Sections Changes 15s09 seconds/change
Nonad.iacent'Section Changes 162.94 seconds/change
Rehandles 157.92 seconds/rehandle

With times for the five material handlingfactors, variable material
handlingimefor the loadplanscanbecalculated. Tablel1givesthe
results for both the PoPandcomputerload plans for the four vessels.
Results tor the Alaska Maru's voyage93 are given both before and after
adjustmento shouweat effect the manuahblterations had. Ascanbe seen
in the table, therewassignificant variation betweetihe PoRandcomputer
load plans, but in no consistent direction. _ Theprogramdid the best for
the ~Jaan Apollo's voyageb, bettering the PoP'splan by morethan 25
minutes.Tts worstperformanaador theAlask&® aru'soyageg3where
loading time wasnearly 15 minutes longer. Thevessel involved makesno
gﬁpar?ntdlﬁerence, as twovoyagesvherethe prograndid better werefor
imreren ships.
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Table11. Material Handjng Resultsby Vpyage
Resul ts
PoP ~Comter Diff
Moves 54 52 -2 1072
Distance rows! 1677 1330 -347 2620
Ad,j Sec Chgs 9 8-1 136
Nonadj Sec Chgs [ 9-2 1792
Rehan dl es 7 3-4 1105
Totals 6725
Moves 58 59 1 1152
Distance rows! 1551 1743 92 2579
Adj Sec Chgs 79 2 106
Nonadj Sec Chgs 810 2 1304
Rehandles 00 0 0
Totals
AlaskaMaru Y89 61 containersloaded!
Moves 70 64 -6 1390
Distance rows! 2473 1978 -495 3864
Ad,i Sec Chgs 15 11 -4 226
Nonadj Sec Chgs 14 14 0 2281
Rehandles 43 -1 632
Totals 8393

Alaska MaruV93--BeforeAd ustment09 containers

Moves
Distance rows!
Adj Sec Chgs
Nonadj Sec Chgs
Rehandles

Total s

54
1630
11

7

Alaska MaruV93 After Ad

Moves
Distance
Adj Sec Chgs
Nonadj Sec Chgs
Rehandles

Totals
Grand Total*

Uses after

54
1630
11

6

adjustment figures

56 2 1072
1864 234 2547
8-3 166

13 6 1141
1-5 948
5874

Time sec!
Computer

1033
2078
121
1466
474
5172

1172

2723
136

16?9

5660

1271
3090
166
2281
474
7~1

loaded!

1112
2912
121
2118
158
642T

ustment 11 containersloaded!

59 5 1072 1172
2018 388 2547 3153
11 0 166 166
13 5 1141 2118
1-5 948 158
%%% 6767
mes m8T
for Alaska Maru V93

Diff

-542
-15
-326
-631
-1553

20
144

30
325

40
365

977
-790

547

100
606

977
-790
893

TK

X Diff

-3.7
-20,7
-11.1
-18. 2
-57.1
-23.T

1.7
5.6
28.5
25.0

ToO

-8.6
-20. 0
-26.7

-25.0
~3. 2

3.7

14.4
-27. 3
85.7
-83 ~3

9.3

9.3
23. 8

85.7
-83. 3

15. 2
>+f



Thema,ioconclusiorthat canbe drawriromthe datais that th«e |
no evidencethat useof the progranwouldresult in increasedmaterial
handling time at the PoP,

Anothewayof lookingat the materialhandlingresults is by th<
materlalhandllanactors Tablel2 breakdowrthe material handlin>
resultsb 3/ factor. Thesecondhird, andourthfactorsshova similar

patterrto theresultsbyvessel. If 'theprograehd wellfor a voya9<
doeswe for the numb&f movesdistance,andadjacentsectionchange
It should be noted that the deviations for the numberof movesare
relativelv. small, always less than 10%either way.

Tablel2. Material HandlingResultsby Material HandlingFactor

Resul ts Time sec! _
PoP ~Cputer Diff PoP ~Cpruter Dif f
Containers Loaded
~Jaan~Aollo Y5 258 258 40743 40743
J~aanAolio V10 329 329 51956 51956
~as aMaru 89 261 261 41217 41217
211 33321 33321
Alaska Maru V93 Tcz)éolA) T o AT
5af Grand Total 86. 5 87m0
Moves
~Jaan A~olla V5 54 52 -2 1072 1033 -39
~3an~AolloVio 58 59 + 1152 1112 +20 +1~7
Alaska Maru V89 70 64 -6 1390 1271 119 86
llasSsa Maru Vq3 54 59 +5 1072 1172 +100 E%I?S
To~a m
'0 of Grand Total 2.4 2.4
-20.7
~Jaan~Aplo V5 1677 1330 -347 2620 2078  -542 5.6
~Jaan A olio Vip 1651 1743 +92 2579 %7%30 +7l;'r4 20.0
Alaska Naru 89 2473 1978 -495 3864 } - +93.8
Jllaska Naru V93 1630 2018 +388 2547 3153 ~$
7069 -362 116 0 566
X of Grand Total 6.0 5.7
~Jaan~Anile Y5 -
~aaanAllo VIO 7 2 lae 136 +~> 263
~as aru 89 15 -@.

%~asa %ru V93
To~i
C of Grand Total
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Tablel12. Continued!

Results Time sec!

Po ~Cwuter Diff PoP Computer Diff
~Jan~Aollo V5 [ 1792 1466 -326  -18.2
JapanA olio V10 8 10 +2 1304 1629 +325 +25p
Aaska Maru 89 14 14 0 2281 2281 00
Ai asks Maru V93 7 13 +6 1141 2118 +977 +85.7

Total 40 46 +6 6518 7495 +976  +15p
X of Grand Total 34 3.9
Totals
~Jan~Aotto VS 47468 45915 -1553 -3,3
~aan ~Anile V10 57097 57616 +519 +0.9
Paska Naru V89 49610 48499 1111 2.2
Aiaska warn V93 39195 40088 893 +2.3
Grand Total 193370 192118 -1252 -0.6

The fiqures for nonadjacentsection changes and for rehandles do not
follow the samepattern. Furthermore, deviations betweenthe PoPand
computdoad plansare muclgreater as high as 85%. In the case of
nonadiacentsection changes,the computerload plan resulted in fewer
changeonly once. Examinationof the PoPload plan for that voyageshows
that a simplechange-ould have eliminated the needfor two of the sections
changes,If this hadbeendone,the PoPwouldhave beenas qoodas or
better than the ﬁroqranﬁor everyvovage. That.this wasnot the casecan
beattributedto humaarror. Analvsis of the two voyagesvherethe PoP
wasbetter thanthe progranfor thesesection changeshowshat t"e
program'sweaknesss its inflexibility in certain situations.

Thelast factor is rehandles. Herethe prograndoeshetter in every
caseexceptfor ~Jaan ~Aetio V10, whereneither methodresulted in
rehandles.Forthe AlaskaNarw93,the popload plan resulted in six
rehandleshiletheprograniiadonlyone. For the four voyagesthe
progranmad59%ewerrehandleghan the poP. This is bv far the largest
differenceof anyof the factors. Studiesof the load ﬁlansdo not sugq«
a reasorfor the difference. In afew casesthe PoPrehandlesmayhave

beendueto a greateremphasn stability, but mostdonot appeax
caused by this.

. Thepossiblerendgor nonad,iaceettionchangeandfor reha«l«
reinteresting, butit shoulde stressedhat with the small sampls'
theresulthaveostatisticalsignificance Anysuggestiaf a t«n
canes?smuclfr_on ?1 detailedcomparisaof the Iﬂad plansasfromt'e
verallstatistics orthﬁfe‘ourvova esFutr)t e&estlngwouldbenee e
eoranpatternsoul eglverstatisticabacking.

_”:’_j—_";M@jj.?:-j.-.k:,



Summar of NCHPro ram Evaluation

Theresults from the NCldrogranevaluation are positive.  Although
not exceedltnhqhe manutaload platrés md rr}aterlglldhandllngeﬁzlmency In
everycas computer-assils ansdid r e average,
nonproductikenstaineti méa fa8 vera eB }béﬂo
wouldappeathat the computer assstdh:mbd plansare onthe averageas
efficient  asmanuallypreparedplans. Furthermarelt is estimatedthat
the computer-assistémad planscanbe preparedn half the time or less
thanthat requiredfor manuallyreparedbadplans. Theresults of the

evaluation indicate the NCHrogranhasmetthe objectives originally
established for it

Fromthe results of the evaluation, it is estimated that further
developmeot the NCHrograrmauldimprovats efficiency by asmuctas
10Kof the nonproductiveime or aboutl.5%af the total loading time.

It should also be noted that the evaluation of the computemprogram
wasconductedn sucha waythat oneof the program'sbest features wasnat
used. Thepreparatiorof a manudbadplanis sucha laboriousask that
oncea feasible plan is obtained, no attempt 1s made¢o improvehe
materiathandlingefficiency by generatinglternative plans. Thisis not
the casewith the computer-assistasgistem. Once feasibleload plan has
beerdevelopedsingNCHalternate plansmaybe developebh four ta six
minutes by changingcertain pragramparameters.

For examplethe load planpercouldtry three or four different
bay-loadingequencdbenpick the sequenoaichgivesthe bestresults.
Thispossibility wasnot examineith the evaluationof NCH.

Port Load- lannin Efficienc

Thesummargsults in Tablell prowdean estlmateof the total
transtaln rtlme In second equiredto Io 5[5 : Theses imates

ﬁretrans ated nto {% nto co tai tesin Ta‘t]gaeilz
ore o a o our uire
|«»nv0 Sé) Ises Segg aranst |ner

operatlon ,utmana eawa att IS U ot OSSIb
distribute the workequally etweeﬂne twotranstalners. .In otherwords,
the results donot implythat twotranstainers, eachNorklnqalght hours,
could complete the task.

It shouldbe observedhat the e edaverag er hour

}hmat %ontal [)p
pertranstainesf 19. /&ontainers enn [ ase g%n
contmuousl,mnterruptetdanstamelo erat|on It is alsobasedporn

PoP'surreptoperatifjgorocedures.Chan seaperatingprocedures
couldsigni Carr)ltyaﬂgzzttﬁls rate. t}%grateasoagsuma oadEZ}L
only modaf operationanddoesnot includeunloadingime.

Although wasn'passibldéo obtainanestimatef themagnitudand
frequencyf the unavoidabtielayghat a transtainemighencounteg
customafgurewouldeaboul5K. Thiswoulgrovideinestimaterhte
of 16.81containers/hounvhichshouldorovidea goodarget value. It
shouldoe emphasizétat no attempivagnadéa measurtne actual

ooerating  efficiency.

31



Table 13. Performance Indi ces

LoadingTime Comp.! Number of Containers  per
Vol~ac Sec. Hrs. Containers Loaded hour loaded
~Jaan~Aollo VS 45915 12.75 758 20.24
~Jaan~Aollo V10 57616 16.00 329 20.56
Alaska Maru V89 48499 13.47 261 19. 38
PrTaas',a-aru V98 40088 11.].4 211
Total 192118 53.36 1059 Mean 19.78 .75!

It is informative to comparéhe actual performanceo the
theoretically hest possihle performance. Here, the theoretical performance
assumeso rehandles, no section changes,andthe minimurmossible number
of movesanddistance traveled by the transtainer. It also assumea 50/50
mix of 20- and40-foot containersandna-specials. Thetabulated results
in Tablel4wouldindicate that the currentmanuallydevelopetbad plans
are operating at 87'%f the maximutheoretical efficiency, as measuredtby
transtainer time. Thus,the maximurpossible reduction in transtainer time
wouldbe 13%,and this assumegperfectly arranged containers andno
specials! It's not clear exactlyhownuclof this 13%otential savings
couldpossiblybe realized.  Mostlikely, nomorethan 6Wor 7%could
actuallyberealized undercurrent operatingorocedures.

Table 14. Theoretical Performance Sec.!

Voltage Theor et i cal
~Jaan A olio V5 41111 47468 86.60
~Jan~oo0 V10 52422 57097 91.81
Alaska Maru V89 41585 49610 83.82
31laskaNaru V93 33615 39195 85.76

Total 168733 193370 Mean 87.00
Onceagain, Tablell indicatesthat abouB%of the total, or over 60%
of the nonproductiveéime, is spenton movemetite within _sections. Tliis

wouldthen appearto offer the greatest potential for possible reduction.

Nonadjacent section changesaccountfor 25%or more of the
nonproductivédime andrepresentanotherarea for potential improvements
Arexaminatiorconsistingf a samplef loadplans, Tablel5 suggested
>at these nonadjacensection changesre necessaryto load a sma
percentage, 17.2%. of the containers. Of these "out of section«

containergd%rerefrige d units. Thgossibilitypf prestaging
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these containers iranediatelypresentsitself.  Bythis wemeammoying
containerout of their currentsectionsto the primarysectiondust p |
to loadinghe ship. If this couldoeaccomplis ingthefirst ~hift
idle time at no additional cost, then there wouldbe nearly a half hour
shipreductionn loadingime, Howevelf, this stagingouldhotbe
achieve@sbackqgrounsorkwhichcouldbe accomplished verylittle

cost, it wouldprobablynot be cost effective.

Table 15. Container Oistribution by Section

SECTION
42 52 44 54 57
Reqular 616 567 14 136
Refrigerated 00 65 116 o)
Total 616 567 79 117
43.5 40.1 5.6 8.3 2.5

Ouringhe evaluationof the NCHtwo possibilities for improving
terminal operationwereidentified.  Thefirst involves the estimated

157.92seconds,or 2.63 minutes, to load a container from a stack onto a
hassis.. This ti

gme agpﬁarsexces[s've. Sincea out?a%)f the t fal )
oadingmeis dudo this singlefactor, it shoulbecarefullyexamined.
If this time per container canbe substantially reduced,the total time

could also be similarly reduced.

Currenport goperatingprocedureare for the shipto heunloade4.
therioadedt.)Ourlrﬁ)qhe ur(1q oa®peratiorthe cranesppreage:rave St~+ty

fromthe dogktohthe Shit?' %uril?q Iﬁadinq operatilons, the spreade«r»e
emptyfrom the shij the . This empty travel time represents :
S|gprﬁfﬁcamvast%ei?fort. i these?woc?ﬁ/eratlongaoﬁ%@n nf‘oaqu
could be interleaved, there could be a substantial improvemenin

efficiency. hennterleaving, the crane~ould pick upa_ shipbound
contam%an henpt]acelt gnac assmnt%ep aﬁPThecF}an«o"l

enpick up anexportcontainerfromag.shoreside chassisandoadi , ...,
Fﬂeﬁu?ﬁ .nllehPspa(fterlgour[a?onatln_tm on S_t% rewal adq
both inboundandoutboundcontainers. viouslythis sche

SUPD(L¥0 y
wouldiot alwaysvorkior on-declbays. It does,howeverpffer the

potential for a2 or moreimprovemenin efficiency, andwere~~"
be given serious consideration.



5. DEVELOPMEANDTESTINGOF THEYARDSIMULATIONPROGRAM

Introduction

Becauseof its highly capital-intensive nature, a container port calls
for the maximuruse of its equipment and manpower. The primary objectives
1n developing the model are reduced overall operating cost and increased
customer satisfaction, including minimumpossible shlp turnaround time .
The actual changing of physical layouts, operating procedures, and other
factors influencing operational effectiveness would be averv expensive
meansof testing various proposed improvements. Suchis not the case in
computer-based simulation models where it is possible to test various
proposedchangeswithout affecting actual yard operations. Granted, no
simulatlonmodel exactly represents all the parameters and the'ir
interactions of' a system as complexas a container facility, hut a
well-developed model does allow tests to be run on significant aspects of
the operation. The technique of computer simulatlon provides the manager
analyst with an economical meansof eyaluating changesand their effects on
overall port efficiency.

The overall port design was assumedto consist of the fol lowing
general  areas:

I.  Gatefor processing paperworkof incomingand outgoing trucks.

2. Yard area--provides stowageand staging area for both outqoing and
incomingcontainers.

3. Dock area--loading and un'toading operations take place here.

4. Container freight station packing and unpackingof containers
when necessary.

5. Administrative and maintenancesupport area.

The following types of material handling equipmentoperate in the port
system under consideration:

[.  Ship cranes mountedon rail trucks along the deck andload and
unload containers onto and off of ships.

2. Transtainers rail-mounted gantry cranes that ride across the
breadth of ayard section. They stow containers to slots in a
section or take them out to place on truck chassis

3. Yard trucks trucks with specially designed container chassis.
They provlde the link betweentranstainers and ship cranes.

4. Others--reqular ‘highwaytrucks that bring in or take out
containers, fork-lift  trucks that handle emptycontainers, and so

on

Theyard consists of a numberof "sectlons of equal size. A typical
section contains 37 rows and six columns of 20-foot storage slots.
@yeti!lmrs c, be stacked to a maxlmurof four high in each slot.
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Simulation Obiectives

rimanob,je v to develop simulatiomodeisinthe$4S
IVS|m atloﬁa}?L} g&l: enalbI%1eus,eltotestancl:g1 am?
meritsof the foIIOW|ngoperatloneﬂ)arameteaﬂqbol|C|e$f a conta|n<
port.

|.  Various values of maximustackheight.

Loadinigona randonstackeghrdsectiows. loadinfrona

pre-ordered section.

lementa nitl cbto ter rou
o[n Pato row% qum?t%? elng andle v
policies of partial preload yard stowage.

4. Numberof yard trucks to use.

5. l.oadingoma singlesectiotvs. loadindrontwaosections.

Themeasures effectivenesarethetotal opeationtimeand
expectedannual equivalent cost.

emodeshoulénable the userto establistthe relationshipf
totalloadlnqtlmeln termf thenumbeaf containerthenumbeof yard
sections, andthe numbebof cranesemployed.

Model Structure

Th enerajstructureof the3|mulat|omnodells basedl o’

m%u entat| r ﬁtr aracterlstlcsi) ﬁh %/)
e|n tudie aﬁlﬁlﬁrl %SF] I I‘é)ﬁ’ sentatran intothree
roupentit esnr t sicaiomponentbes stenaxctlvmesor
eac omaklngalacemthlrthes sterancéventa)r3|gn|f|cant

p0|ntSS|gn|fy|ng thebeglnnlrmr end of critical activities.

|t|o eC| d:ec nlcadomponentsof themod
? ?mgjrjﬁrg forraimu aé t|V|t|<<

an ee ac eevants alisSucC eomponei routines~

I| e%rjh ataarrf’;\ sand cNnpletdist Qft osetaéétlcs

ecte especifl &)rogram)mpon IsYARDSIbtetaileth
thls section.
A. Entit ies

Permanent: "ranes
Transtainers

Yard trucks
Ship, yard sections

Temporary: Containers



S.  Actlvities
1. Shlploadlng operations

Transtainer loads container on truck chasis .

Truck chasis transports container to crane.

Crane loads container onto ship.

Truck returns to transtainer area.

Transtainer handles rehandling of containers in section.
Transtainer changes position.

Crane changes pos1tion.

2. Pre-ordering  operation

- Transtainer  loads desired container onto truck chassis.
- The container is transported to pre-order section.
- The container is stowedin pre-order section.

C. Events

Thef'ollowingeventsrepresent key operational points in both yard
activities and the simulation model of those activities.

- Truck arrives at transtainer

- Transtainer completes position change
- Transtainer completestruck loading

- Truck arrives at crane area

- Crane completes position change

- Crane completes ship loading

Model Lo 1c and In ut Data

Thegeneral logic of YAROSIM actually condensed into a three-phase
programof ~inuttin  data specifying yard layout, ship characteristics, and
equipmenbperting parameters:~executinthe GASPackagdo monitorand
performthe various simulation activities; and~rintin  various statistics
called for in the output. The20 subroutinesusedin the YARDSIprogram
are listed in Table 16. This interrelationship is shownn Fiqure 2.

Table 16. YARDSIN Subroutlnes

Function
YAIRD5IM Reads in some data and calls GASP.
INTI.C Sets initial conditions.
BONZE Makesrandomassignmentof initial container locations.

Constructgob sequencédile for pre-ordering

Constructgob sequencdile for ship loading.



Table 16. Continued!

Name Function

EVNTS Transfers  control to appropr iate subroutine.

DISCR Generates random movement times.

UERR Prints out error messages.

TARRY Enjoins the arriving truck to queue and calls TRANS.
T~IQVE Updates transtainer position and calls TRANS.

TI OAD Sends off truck from queue and calls TRANS.

Truck-loading operation.

Computes transtainer move time to take out container.

SERCH Looks for an empty slot to move rehandle container.
PRODR Stows container in pre-order section.

CARRY Adioins arr ivinq truck to queue and calls CRANE.
NOVE Updates crane position and calls CRANE.

CRANE Ship-loading  operation.

Output of results.

CLOAD Finishes loading into ship andcalls CRANE.

Theexecutiorof YARDSINequiresthe userto supplydatapert««i'g
to the following variables.

Ship characteristics
2. Yard equipmenttime distribution
3. GASPoperational details
4. Layout of yard sections

After the variousinputfiles are readinta YARDSIM prin~N@
madef eachof the specific data groupsta «liow the userto cue+
inputpriorto executinthemairbodyf thepregrae. At tie endaf
prespecifi mulatloaxercflseﬂhe é ckageleasese YAWS.
statisticatlatarequeste ,anfi esd!quresarethen~ . .
%EB%J argable.lncasea nnpuarromeit ea%una@~w -

ectfotatians

ntaindD codesar yardocatiamar~ters>
. Haeta m‘terr%lnat nekner% oé’@&ﬁaf‘e%.



Figure 2. YABQSIHrogranOrganization
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Figure 4. Cost for Operation
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APPENDIX






CONTAINERRMINADPERATION

Structures

eck-in Station, Yard controlled from this po
arechecked, importarechec'kedt, and

in whiclyardslot arekepthere. Thedisp« "

and customs is here.

8. Dodkffice:Loadiagdinloadinfishipssupervisadd
C. AdministraBaridinAdministrativactionglanniod

stowageandcomputeenterfoundhere.
D. Maintenanc&quipmentccontainersepairednere.

Yard

1. ThIr ction§, .46 aneﬁ?!a{efor em&tlagﬂ naan
onhybeservicdnysi .eancﬂog a&e@] onb:iu reare
packaglosagethe®ossi ighblocktorage!.
Sectlonélthrou%h4anc51thro_uc¢57 aretranstainer
ectlﬁ.n% Cotr)ltal emestackedn rowsor six acrossipto
ourhigh. Abouinean@ne-halfieet separateontainers.
Eaclkectiorcamcconvno@mwsof . 20-footcontainers.
Numberiaprowsjoesroml to /3. Linesarepaintecever
20feet ontheground.Odshumbeese in the spaceetweel]
thelines andevemumbeaseonthe lines, _ Theaownumbes
the numbean the middleof the container. Twenty-foot
containerghenhaveoddow numbersand40-footcontainers
haveeverrownumbersThesix positions in aroware denoted
ﬁ hrough. Théhel hbf(% ﬁo tainewn. a stacks denoted
ybottohtentertop, anculufror the first. secondhird,
of fourth containetf the ground.Completdesignatioof a
containeris givenby the section number rownumbestock
numbeandieightn the stack tier number!. Forex~le,
52150Bouldienotea 20-foot containeron the bott' $n stack
0 of row 15 in section 52.

Refrigerataghitsreefers! canbeacconmoditatitheends<
sectiong4~d 54!4 $d are~a~st th chd-Instati
Theraareplains at Msm pointsfor ~ refrlgerat it



Section
|

SO

AC

KB

TRUCK LANE

Upstream Downstream

Sections41, 42, 51, 52, and53 are usedprimarily for export
cargo. Sections 41 and 51 have carqo for the six-company
Japaneseonsortium. Eachline hasanareaof the yard
reserved, moreor less, for its exports within these areas;
cargo 1s arranged b%/ ship and by voyage number. Cargois also
seqre?ated by welghtand by corrmoditywhenpossible.  If there
are alarge numberof containers, an attempt is_madenot to
place cargofor the samevoyagein onespot. This way, two or
more transtainers could work at one time.

Theship's cargo imports! is usuallﬁl dischargedinto sectlons
55 and56. Cargois stacked one high whenpossible to make
every container accessible whena truck picks it up.

Sectionb5is usedprimarily to dischargeemptyNTYIcontainers
fromships. Sectionsl4 and54 are also MTYd1schargexcept

for the reefer areas .

C. Traffic Patterns

Trucks always travel downlanes betweensections from the

upstream to the downstream side. The check-in station is
downstream.! Two-waiareas surround the yard and cut between

sections41, 42,43,

4, 45,46, andd7, and51, 52, 53, 54, 55,

56, and 57, perpendicular to the river.

Traffic from the check-in station usually passeson the land

side of the containerswhertraveling in the upstreandirection.
Traffic on the dock underneaththe Hltachis usually travels jn gse
upstreandlrection. Traffic flow, then, is roughly circglar ~ f'~
check-in through the yard or from ship through the yard.



