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ABSTRACT

In this report, the authors introduce an interactive approach
for constructing or inproving Less-than-Truckload (LTL) distribution
net wor ks. The primary consideration for the interactive design
process is that of deternmining breakbulk |ocations to mnimze total
transportation and handling costs, based on freight density and
transshi pment volume anal ysis. An interactive software decision
analysis tool, called BBNET, is introduced as a neans of achieving
near optimal design without the use of conplicated math progranm ng
alternatives. The software system is nade transportable by using a
DOS platform on a personal conputer. It is validated using freight
density and breakbul k | ocation data supplied by ABF Freight System
I nc. A detailed user®s, manual is provided to enhance technol ogy

transfer.
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| NTRODUCTI ON

The less-than-truckload (LTL) industry has been able to gain
tremendous conpetitive advantages through the use of hubbing for I oad
consolidation. These hubs are in the form of breakbul k term nals which
are used to consolidate LTL shipments noving between end-of-1ine (EQL)
terminals at origin and destination points. The primary function of
breakbul k activity is to consolidate |loads with conmon destinations so
that LTL trucking conpanies can benefit from the economies of scale
enj oyed by truckl oad truckers.

Wth appropriately located terminals in sufficient quantities, total
costs can be drastically reduced. Even so, the task of determ ning the
opti mal number of breakbulk terminals and the optinmal |ocation for each
termnal to support LTL operations is extremely difficult. A small
nunber of terminals means higher circuity but fewer freight transfers.
A large nunber of terminals neans less circuity but nore freight
transfers. Furthernmore it is difficult to locate terminals such that
they are optimally located from a global standpoint relative to freight
dermand and transshi pnent density.

The consolidation of loads with commn destinations greatly reduces
the transportation costs, yet the ampbunt of cost savings depends heavily
upon the nunber of hubs, the location of each hub, and the determni nation
of service areas in terns of EOL term nals and geographical regions that
are served by each hub. The renmminder of this report addresses the
i ssue of breakbul k | ocation. The interactive approach for breakbul k

| ocation determination described herein focuses on operational costs



associated primarily with transportation and handling. Freight density
and transshipnent volunme play a huge role in this process. It is
assunmed that adequate |abor and real estate exists wthin suggested
regions and that the capital requirenents associated with a particul ar
site are not drastically different fromthat of other sites.

Discrete hub location problens involve locating a set of fully
i nterconnected hubs that serve as transshi pnent and switching points for
traffic between specified origins and destinations. Hub | ocation
problems can be classified by the way in which demand points are
assigned to hubs. In the single allocation option, each demand point
can send and receive through a single hub only. This problem has been
studied by OKelly [8] and Klicewicz [7]. Both studies make use of
mat hemat i cal programm ng fornul ations for dicrete hub | ocation problens.

Mul tiple allocation problens, in which a demand point nay send and
recei ve through nmore than one hub, have been studied by O Kelly and Lao
[10], and by Canpbell [3].

A heuristic-based approach to evaluate the networks and hub | ocations
to find locally optiml designs has been proposed by OKelly [8]. This
research includes the hub usage or activity level and assesses the
trade-of f between costs and congestion for a four-hub network. The
congestion aspect of the nodel involves solving a quadratic expression.

The aut hor concludes that in an undi scounted network that pronptes wi de
spaci ng of hubs, assignnent of nodes to a non-nearest hub may result in
m nim zing transportati on costs.

Campbell [5] presents integer programng fornulations for discrete



hub | ocation problens where the objective is to nmininize transportation
costs over all origin-destination pairs. The formulations also include
threshold values for flow between the origin or the destination and a
hub, and fixed costs for the spoke |inks. This results in controlling
the spokes or allocations in a system A discount factor for flows
bet ween hubs is also all owed.

Campbell [5] has presented IP fornulations for four types of discrete
hub | ocation problens: The p-hub nedian problem the uncapacitated hub
| ocation problem the p-hub center problem and the hub covering problem
In the uncapacitated hub | ocation problem the constraint involving the
nunber of hubs is replaced in the objective function with a fixed cost
of establishing a hub. The p hub center problem is deened inportant
because of its application in locating hubs that are subject to a tine
limt on continuous driving. One inportant feature is that the
objective function maximzes flow only between a single origin-
destination pair but not the sum of all flows as in the p hub nedian
probl em Hub covering problens are inportant for solving hub center
probl ems where the objective is to locate hubs to cover all demand
poi nts such that the cost for the hubs is nininzed.

Pl ane hub | ocation problems, where hubs may be |ocated anywhere on a
pl ane has been addressed by Aykin and Brown [1l] and by Canpbell [2].
The research focus presented herein is on operational costs associated
wi th breakbul k term nal |ocation. Oher researchers have exam ned fixed
and capital costs associated with | ocation.

Locating transportation ternminals to serve an expanding denmand has



2.

been addressed by Canpbell [2], using termnal, transportation, and
rel ocation costs. A myopic strategy with Ilimted capability of
relocation is shown to be nearly optimal wunless termnal relocation
costs are large. This conclusion has been nmade under three assunptions:

The demand density is uniformfor a region.

Shi prent handl i ng costs are not consi dered.

Term nal | ocati on is a function of di scount ed term nal

transportation, and rel ocation costs.

Campbel | [2] concludes that a sinple myopic strategy w thout relocations is

1

2.

3.

preferred over a strategy with relocati ons whose cost exceeds 25% of the
fixed term nal costs.

According to Powell and Sheffi [11], major considerations for
optim zation of network design in the motor carrier industry are
term nal locations and the assignment of direct service between pairs of
term nal s. The network design formulation develops a deconposition
strategy based on a range of inportant real world issues and
constraints.

Campbell [3] deternmines the optimal ternminal |ocations analytically
based on three assunptions:

Conti nuous uni form distribution of demand.

Rectilinear travel

Equal flows between origins and destinations.

He then concludes that the solution is dependent on the efficiency of the

i nehaul transportation between terninals. He also analyzes three

schenmes for routing freight shipnents via consolidation termnals. The



ef fectiveness of each routing schene is shown to depend on the nunber of
consol i dation term nal s and t he ef ficiency of t he I i nehaul
transportation.

Basically there are two approaches to determ ne optinal solutions with
respect to transportation costs and hub | ocations for |arge hub network
probl ens: (1) The transportation oriented continuous approxinmation
approach devel ops nodels of transportation costs for idealized networks
with a continuous demand density, rectilinear travel, and equal flows.
(2) The location oriented discrete denand approach finds optimal, or
near optimal hub | ocations for specific cases with relatively few denmand
points (< 60), euclidean travel, and unequal fl ows.

Campbell [4] links these two research streams by analyzing how well
the solution for idealized hub networks approximtes the actual optimal
transportation costs. The analytic expression from Canpbell [3] is
reformul ated and the predicted transportation costs are conpared to the
actual costs for 48 discrete demand problenms (4 discount factors X 4
di screte demand patterns X 3 hub locations) using rectilinear travel.
The author concludes that the approximation fornula perfornms well for
problems with even denmand distribution. But the approxi mati on becones
less reliable for problens with a |arge nunber of hubs and high inter-
hub di scounts.

O Kelly [9] proposes a distance-based heuristic that allocates non-hub
nodes to the nearest hub. The data used in this research are based on
the airline passenger interaction ampng 25 major US cities during 1970.

Klincewicz [7] proposes an allocation criterion based on the weighted



sum of 'distance-based’ and 'flow based rules. This criterion uses a
heuristic that evaluates all possible exchanges for each non-hub node to
deternmine the best inprovement in the transportation costs. Tayl or et
al [13] make use of IP formulations to deternmi ne hub |ocations. They
concl ude that the hub | ocation problemis best solved by a hybrid nmethod
that includes flow based, density-based, and distance-based hubbing.
Al t hough their area of enphasis is truckload trucking, their results are
simlar to those presented in Klincewicz [7].

Dar ko and Jadranko [6] have proposed a heuristic method based on Tabu
search for locating interacting hub facilities ampbng interacting nodes
in a network. For uncapacitated hubs, equal inportance has been given
to the locational as well as allocational part of the problem They use
t he nei ghborhood solution approach with a single |ocation exchange in
whi ch a non-hub replaces a hub. A similar approach is also used with a
single allocation exchange that differs in the allocation of exactly one
non- hub node. The Tabu search strategy is superinposed on both |ocation
and allocation levels in search of the local optinum The authors
denonstrate the superiority of their heuristic to that devel oped by
O Kelly [9] by showing that for problens with 20 or nore nodes and 3 or
nmore hubs, the Tabu search nmethod yields a better solution using
conparatively less CPU tinme. They, like Klieciwz [7] and Taylor [13],
di scuss the inportance of allocating non-hub nodes based on distances

and fl ows anong nodes.



2. SOLUTI ON APPROACH

In the LTL trucking industry, |oad consolidation plays an inportant
role in determning the |ocation and the nunber of breakbul k termn nals.

Therefore, an analysis of freight density is a logical first step in
the determination of an optiml nunber and optimal |ocations for
breakbul k terninals.

The problem presented in this report can be considered a fornulation
of the p-hub location problem as addressed by OKelly [8,9], Klincew cz
[7] and Canpbell [5]. Basically, the operational cost of delivering a
shipment to its destination from an origin has two cost conponents,
transportation cost and handling cost. The transportation cost

constitutes the EOL (origin or the destination) to breakbulk cost and

breakbul k to breakbul k cost. The calculation of transportation cost
Cij, between two points i and j is
Cij = tr Xdj; Xwt
wher e
tr = transportation rate in $/Ib/mle.
d; = distance from point i to point j (including circuity to
br eakbul k).
w = shi prent wei ght in |bs.

The EOL terminal to breakbulk cost can be ninimnmzed only by assigning the

originating or destinating shipment to the nearest in-line breakbul k
terminal that is located in a region with high freight density and
transshi pment vol une. Once a shipnent reaches a breakbul k, depending

upon its destination, it my need to be consolidated with other



shi pments that have the same breakbul k or EOL destination. The total

transportation cost for a shiprment would be the sum of the individual

costs along the segnents of the route fromorigin to destination. In
some cases shipment volunme is sufficient to assenble full truckl oad
shiprments directly to the destination EOL termnal, bypassing all

i nterim breakbul ks and thus elimninating handling cost.
The handling cost, hc, is accrued each time freight is handled at a
breakbul k terminal. 1In order to achieve |oad consolidation, a shipnent

may undergo a freight transfer at each internediate breakbul k term nal

on the route. This is inevitable in a LTL trucking industry since
consolidation is the primary objective. We can conpute the handling
cost as,
hc = hr x wt x nunber of freight transfers.
wher e
hr = handling rate for a shipment in $/I1b.
wt = weight of shipnent in |bs.

Certainly, any solution approach taken to the breakbulk | ocation problem

woul d necessarily include both transportation and handling costs. In
the introduction to this report, the investigators nane several exanples
of researchers seeking math programr ng approaches to the hub |ocation
probl em As a result of the examnation of such approaches, the
i nvestigators gained insight into the restrictive and inpractical nature
of such approaches relative to LTL industry concerns and practical
constraints. The goal of this project is to provide an useful tool for

hub location analysis in a realistic setting, wthout restrictive



assunptions or the use of nethods that sinplify the problem to the
extent that results are not useable. A nore pragmatic approach is
deened to be an interactive approach with human users, naking use of the
same mathematical formulation principles used in nore difficult and
restrictive math programm ng solutions. An interactive decision support
system could easily be used to practically and conpletely solve such an
unwi el dy problem

| NTERACTI VE APPROACH

It is extrenely difficult to use a mathematical approach to deternine
the optiml nunber of breakbulk terminals and their |ocations. A
conmput er - based deci sion support system with interactive capability is
| ess cunbersonme and nmuch faster in determning the near optinmal nunber
of terminals and their locations for a given freight density. The
approach permts rapid user assisted examination of wmany potential
alternative breakbul k network designs. It is driven by actual conpany
provi ded freight density profiles and is unrestricted by
sinplifications.

Breakbul k NETwork Software (BBNET), a decision support system software
was developed in Turbo C to determine the optimm nunber of breakbul k
terminals and their locations. It builds upon a user friendly graphical
network tool called HUBNET, which was devel oped and tested for use in
the truckload industry. See Taha, Taylor, and Taha [13] for nore
regardi ng HUBNET devel opment. The transformation to the LTL environment
i nvol ved detailed freight and transshipnment analysis and required the

devel opnent of a new decision support engine. Even so, the HUBNET



pl atform proved robust to the LTL design
BBNET OVERVI EW
(Insert figure 1 fromthe file \docfigs)
Figure 1 shows a schematic representation of the BBNET |ayout.
Al though a detailed user's nmmnual appears in the Appendix to this
docunent, a brief overview of the capabilities of BBNET are explai ned
bel ow
Figure 1. Layout of the BBNET Software

Data Preparation Any freight density data file can serve as input to BBNET.

The investigators were fortunate in obtaining characteristic data files
from ABF Freight System Inc., for testing and validation. The i nput
file should include the location of the origin and the destination
(latitude and |ongitude) for each shipnent and also the weight of the
shi pment i n pounds.

Graphi cal Network Buil der The user can enter several paraneters by using

the interactive graphics screens. The paranmeters that can be entered by
the user include:
1. Breakbul k Location and Freight Lanes.

The graphical wuser interface presents a map of the U S.A southern
parts of Canada, and northern parts of Mexico. On this screen the user
can build a distribution network including the selection of the
| ocati ons of breakbulk termnals and freight I|anes. The freight |anes
are the connection between breakbulk terminals only. This input
conpl etes the network consisting of breakbulk termnals and the freight

| anes that connect them



2. Selection of Service Areas for a Breakbul k Term nal .

One option is to define a service area by assigning 2° x 2°
| atitude/l ongitude squares to be served by a particular breakbulk
terminal. A second option is to assignh the origin or the destination to
the nearest breakbulk terminal. The latitude/longitude option is usefu
when used in conjunction with | oad anal ysis that indicates clustering of
loads in sone regions. |If the l|loads are evenly distributed, the nearest
breakbul k option would be ideal for the system Generally the nearest
breakbul k option can be used to obtain a quick bench- nmark performance
with [ittle effort.

3. Number of Freight Changes.

In LTL industries, load consolidation permits savings that far exceed
the increase in cost associated with hub managenent. In order to
achieve | oad consolidation in multiple breakbul ks, a shipnent nay have
to go through a circuitous route. This may result not only in higher
transportation costs, but also in higher handling costs due to increase
in the number of freight changes. Qbviously, the larger the actual
origin to destination distance the larger the probability that a large
nunber of freight transfers or handling costs would be incurred,
especially for | ow density origin/destination pairs.

BBNET pernmits the user to input the maxi num nunber of breakbul ks where
a given shipnent will be handled for each 500 mile increment between the
origin and destination. In this way, BBNET pernits the user to specify
the expected nunber of freight transfers for shipnments of various

di st ances. BBNET enhancenents in the near future wll aggregate



truckl oad shipnments directly. Even so, the interactive approach will
likely be retained as an option to enable "what-if" analysis regarding
the determ nation of benefits fromless handlings.
4. Rates and Speed.
The cost parameters, including the transportation rate in $/Ib/mle,
the handling time in mns/lb, the handling cost in $/Ib, and the speed
of transportation in mles/hour are entered by the user.

Network Operation Once the user has input all paranmeters and the shipnment

data are available, the network is evaluated. The output from the
graphical interface serves as an input for the operations nodul e. The

network is evaluated in ternms of the foll owi ng neasures of perfornmance:

1. Total transportation cost for all the shipnments.

2. Total tinme required for all the shipments to reach their destination

3. Total distance travelled for all the shipnments.

4, Total handling time for all the shipnments.

5. Total handling cost for all the shipnments.

6. Total nunmber of shipments that either originated or were delivered

from each breakbul k term nal
Once the network has been established, the origin and destination for
a shipment is assigned to a breakbulk terminal, according to the service
area assignnent option that has been selected. The transportation cost
and tinme are then calculated by determning the shortestpossible
di stance for a shipnent on the network using Floyd*s al gorithm (Dreyfus,
1969) for the shortest route between all nodes. The establishnment of

the shortest euclidean network travel distance for a given shipnent



defines an upper bound on the nunber of freight changes. Thi s upper
bound is then conpared with the user specified nunmber of freight changes
for that distance range in which the shipment falls. If the user
speci fied number of allowable freight transfers is exceeded by the upper
bound, the user specified limt is used in conputing the handling cost

and tine.



3. FREI GHT DENSI TY AND TRANSSHI PMENT ANALYSI S
METHODOL OGY

It is inportant to analyze the freight density before trying to
deternmine the optimal |ocation of breakbulk terminals. Freight density
anal ysis achieves two objectives; it helps to determ ne those areas in
which freight originates or is delivered, and it helps to deternine
locations with high transshipnent vol une. Freight origins and
destinations with high volune supports EOL |ocation while breakbulk
| ocation is affected by transshipnment vol une. Even so, pick-up and
delivery density also drive breakbul k | ocations.

Using two data sets supplied by ABF Freight Systens, Inc., an analysis
of freight density has been perforned. Each data set represents one
mont h of operation with one data set characteristic of an average nonth
and the other characteristic of a heavy nonth. In this analysis, the
United States is divided into sixty-five 4° X 4° [|atitude/longitude
regions (see figure 2). A Turbo C program has been witten to keep
record of the nunber of |oads entering and | eaving each region. Even if
this freight volume level is high, it does not necessarily nean that the
region wll have a high transshi pnment volunme. Hence an analysis of the
transshi pment of Jloads is also required. This analysis is also
supported by a Turbo C program

By placing breakbulk terminals in high freight density regions which
al so have high transshi pnent frequencies, we achieve two things:

1. The transportation cost is |ow because the termnal is on

the shortest distance path in the network.
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2. The chance of |oad consolidation is very high and the savings achi eved
by consolidation may be greater than the increase in handling

costs.

AN EXAMPLE OF BBNET OPERATI ON

Cbviously, freight density is considered to be highly proprietary.
Therefore, we cannot show actual density information in this report. An
uncharacteristic sanple has been selected for denonstration purposes.
Figure 3 shows a graphical representation of freight density and
transshi pment | oad analysis for this sanple data set.

The freight density analysis for loads in and out of each region
reveals that regions 26, 37 and 50 have high freight densities. The
transshi pment analysis reveals that regions 24,25,26,36,37,38 and 50
have hi gh transshi pment volunes. For illustrative purposes, consider an
exanple network with only three breakbul k term nals.

Considering the transshi pment analysis, the good regions to have the
breakbul k terminals would be 24, 37 and 50. Following are the results
obtained for the network that includes breakbulk terminals in the
regions 24, 37 and 50 with the "nearest breakbulk" service area

determnation rule in effect.

Total distance 913412 ni | es.
Traveling tine 16607 hours.
Handl i ng cost $ 130774
Transportation cost $ 152274
Total cost $ 283048



An analysis of both the freight density and the transshipnment | oads
reveal s that breakbulk terminals in the regions nunbered 26, 37 and 50
may |lead to inproved performance. The results below are for the network

that includes breakbulk term nals in the regions 26, 37 and 50.

Total distance 949730 ni | es.
Traveling tine 17267 hours.
Handl i ng cost $ 121277
Transportation cost $ 137914
Total cost $ 259191

Clearly the transportation cost and the handling cost are |ess when
the breakbulk terminals are located in regions of high freight density
and high transshi pnent of |oads. Even though the distance travelled is
hi gher, the total cost is |less because of the | oad consolidation at the
breakbul k terminals, which effectively reduces the per nile rate for

i nter-breakbul k shi prments.
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CURRENT OPERATI ONS NETWORK REPORT
Following is a presentation of the results obtained using the current
| ocations for 10 ABF Freight Systems, Inc. breakbulk termn nals. As
menti oned preciously, two sets of data are utilized to represent peak
and average freight density periods. Figures 4 and 5 show the results

of BBNET network operations using the data for the nonths of Septenber

and June 1994, respectively. The data below has been disguised to
protect proprietary data. The nearest breakbulk service area
determination rule is in effect. For the two data sets, Figures 6 and 7

show graphically the total nunber of |oads entering and exiting each
region and also the transshipnment volume for each 4° x 4°
| atitude/ |l ongi tude region.
| mproved Operations Network Report

To further denonstrate the efficacy of the interactive breakbulk
| ocation determnation technique using BBNET, the investigators now
present results indicating inprovenent for the two disguised data sets.

The freight density analysis (see Figures 6 and 7) reveals that a
better breakbulk |ocation scenario night be developed by adding a
breakbul k terminal in region #27 (see Figures 2 and 3). The results of
the inmproved network for the Septenmber 94 and June 94 data set are
shown in figures 8 and 9. As shown in these figures the total cost has
decreased by 5.05% in Septenber 94 and by 4.95%in June 94.

Figures 8 and 9 reveal that this saving is achieved by a decrease in
the transportation and handling cost. The freight density and

transshi pment analysis reveals that region #27 has a high freight



density and also a relatively high transshipnent vol une.

the current operations network results (see figures 4 and 5)
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Figure 4. Current Operations Network Results for September 94.
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termn nal #2 is very high. This terminal is located in one of the regions

surroundi ng region #27. By placing a ternminal in region #27, the |oads
between terminal #2 and #11 are consolidated. This reduces the per mle
rate for inter-breakbul k shipnents. The results shown in figures 8 and 9

reveal that the activity level of terminal #2 is about 7% for both the data
sets with the new breakbul k #11 taking on an activity level of about 13%

for both the data set.
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COST: $61279428. 00

807123136.00 m | es

14674966. 00 hours

COST: $6282241.50

SHI PMENTS %&SHI PMENTS

9.25
6.72
13. 93
6. 31
4. 39
9.47
14. 19
10. 57
4.59
7.05
13. 53

10473999. 00 hours

TOTAL
V\EI GHT
63295014
44550679
93975837
45867917
32166737
67645718
97901783
70694860
33320333
51870888
79317121



TOTAL 497961 100 680606886

# OF TOTAL
DESTI NATI ON SHI PMENTS %&5HI PMENTS VAE| GHT

1 28311 5. 80 40695716
2 34176 7.00 47319418
3 45543 9.33 70481088
4 43102 8. 83 61654210
5 39780 8.15 54604854
6 53706 11.01 71351540
7 63418 13. 00 85201863
8 51599 10. 57 70747640
9 24711 5. 06 34656157
10 36890 7.56 51681279
11 66726 13. 67 92213122
TOTAL 487961 100. 00680606886

Figure 8. Improved Operations Network Results for September 94.
# OF TOTAL

ORI GIN SHI PMENTS  %8HI PMENTS WEI GHT

1 43255 9.20 63139871

2 33092 7.03 45354285

3 63894 13.58 85470641



4 31382 6.67 46219484

5 21442 4.56 30305238

6 43623 9. 27 63380349

7 65773 13.98 91253742

8 49432 10.51 73340823

9 21765 4.63 33498247

10 34405 7.31 50570707
11 62342 13. 25 75397596
TOTAL 470404 100. 00 6579930982

# OF TOTAL

DESTI NATI ON  SHI PMENTS  %SHI PMENTS  WEI GHT

1 27169 5.78 39329765
2 32840 6.98 44634933
3 44412 9.44 67174393
4 41410 8. 80 60391541
5 37612 8. 00 51897957
6 49920 10.61 65822284
7 62190 13. 22 82930189
8 49870 10. 60 67289428
9 24896 5.29 34101473

10 35965 7.65 52101101



TOTAL 470404 100. 00 6579930982

Figure 9. Inproved Operations Network Results for June 94.



CONCLUSI ONS AND SUGGESTI ONS FOR FUTURE RESEARCH

Clearly, BBNET provides an excellent neans of designing breakbulk

distribution networks in either network construction or net wor k

i mprovenent situations. The software is currently installed on site at

ABF Freight System Inc., where it is being validated and verified for

continued use. A detailed user's nmanual is provided as an appendix to

this report to ensure that the reader fully understands the unique and

conplete capabilities of the system BBNET has been devel oped on a DOS

platform for personal conputers to enhance technology transfer

transportability. A Unix version could be easily devel oped, to provide

the user with the opportunity to use | arger databases.

Anot her potential area of future research would be in providing

explicit rules or nodeling capability to handle |oad consolidation

activity at each breakbulk termnal. This would elimnate

approximation nmethod presently wused in conputing the breakbulk

breakbul k transportation cost. Therefore, one additional degree of

nodel | i ng abstraction could be renmpved, making BBNET nore realistic for

use in calculating cost savings.
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APPENDI X

BBNET USER S MANUAL



BBNET USER MANUAL

1. | NTRODUCTI ON

BBNET is a decision support tool for analyzing |ess
than truckl oad operations in a hub-and-spoke network

envi ronnent . A graphical interface allows the user to
create a network and then run the nodel wusing available
freight data to evaluate the effectiveness of a hub-and-

spoke networKk.

2. BBNET SYSTEM REQUI REMENTS
| BM PC or conpatible
VGA Moni t or
Mouse

3. | NSTALLATI ON

BBNET runs primarily on a PC platform The amount of disk
space needed on each systemw ||l depend on the amount of
hi storical freight data that you choose to evaluate. Data
files w1l be discussed in nore detail in the sections

that foll ow

3.1 PC lInstallation

1. Insert BBNET Installation Disk in drive A and type
the follow ng at the DOS pronpt:
C:\>a:install
A directory called C:\BBNET will be created and software
files



will be copied into it.

4. STARTI NG BBNET

To run BBNET, type the following at the DOS pronpt:
C: \ BBNET>bbnet

5. SYSTEM COMVANDS

Al'l pull-down nenus are accessed with the nousen.

FI LE
New - opens a new file for editing
Open - opens an existing network
file Close - closes the current
file Save - Saves the current file
Save As - pronpts user for a new file nane
DOS Shell - accesses DOS pronpt
Exit - exits BBNET

MODI FY
Add Breakbulk - place breakbulks with either nouse
or keyboard
Remove Breakbul k - renove a breakbul k fromthe network
B/b area - Nearest - service areas assigned to
Near est breakbul k
B/b area - Lat/Long - select service areas for
each breakbul k based on 2° x 2° Lat/long grids

Add Frei ght Lane - connects two breakbul ks with a | ane
Remove Freight Lane - renoves a freight |ane between
two breakbul ks
Number of breakbul ks - enter maxi num nunber of
br eakbul ks for each distance range

RUN PROGRAMS
B/ b Operations - runs operations nodel

REPORTS
B/ b Operations - generates operations nodel report

Not e: Al information describing a particular scenario nust
be input before selecting the Run Program option.



6. USI NG BBNET

6.1 Network Construction
This section gives steps for building a hub-and-spoke network
and running a nodel based on its design. BBNET' s opening

screen displays a United States map as shown in Figure 1.

(Insert figure 1 fromthe file \figl-6)

Figure 1. Opening BBNET Screen.

Step One: Breakbul k Pl acenent

(I'nsert figure 2 fromthe file \figl-6)

Figure 2. Breakbul k Pl acenent.
1. Sel ect Add Breakbul k fromthe MODI FY nmenu
2. Choose the Mouse or Keyboard option

Mouse - place breakbul ks by clicking the Ieft nmouse button
at

the desired | ocation

Keyboard - A. Type in |atitude

B. Type in | ongitude
3.Continue wuntil all breakbul ks are placed. Press right
nmouse

button or Esc to exit.
Not e: Upb to 60 breakbulks can be entered in a

net wor k. Breakbul ks can be renmoved using the Renobve Breakbul k
command.



Comment s

VWhen considering locations for Dbreakbulk placenment, it
is inmportant to place breakbul ks in regions of high freight
density so as to mnimze the travel distance to and from

t he

breakbulk in the form of |ocal pickups and deliveries.

Also, it is inportant to place breakbulks in areas with
hi gh transshipment volume to help elimnate excess
circuity

in transit on the networks. Any nunber of network

br eakbul ks

may be specified by the wuser (up to 60). However, one
possi ble scenario is to intersperse breakbul ks
equi di stantly

across the United States approxinmately one day driving
di stance apart. This option satisfies D.O T regulations

which require a river to sleep 8 hours for every 10
hours of driving. Drivers <can travel to connecting

br eakbul ks fromtheir hone breakbulk in one shift (10 hours)
and thus | essen the chance of being required to sleep on the
road between breakbul ks.

Step Two: Freight Lane Pl acenent

(I'nsert figure 3 fromthe file \figl-6)
Figure 3. Freight Lane Pl acenent.
1. Sel ect Add Freight Lane fromthe MODI FY nmenu
2.Select the first breakbulk to be connected by clicking
the left nmouse button on the breakbul k. Sel ect the
second breakbul k in the same manner.

3.Continue wuntil all freight lanes are placed. Press
ri ght nouse button or Esc to exit.

Note: Freight Lanes can be renoved using the Renpve Freight
Lane comrand.

NOTE: Each freight | ane designates the path that SHI PMENTS
will take when traveling between the two breakbul ks. It is

required that every breakbul k be connected to at | east one



ot her breakbulk in the network.



Step Three: Breakbulk Service Area Designation (See Figure 3)

(I'nsert figure 4 fromthe file \figl-6)

Figure 4. Breakbul k Service Area Designation

LAT/ LONG OPTI ON

1.Select B/b Areas Lat/long fromthe MODI FY nenu. Only
one option for service area allocation can be

sel ect ed;

the lat/long option or the nearest breakbul k option. To
change from the nearest breakbulk option to the
| at/1 ong

option, select the nearest option once again and type N.

2.Select the first breakbulk area to be defined by clicking
the left nouse button on the breakbul k. Sel ect

br eakbul k
area squares by clicking those 20 x 20 Ila
to be served by the specified breakbul k with
button .

t/long regions
t I

| o

he | eft nouse

3.0nce the areais fully defined, click the right nouse
button to return to the grid screen. Go to Step 2 and
continue until all the 20 x 20 lat/long squares are

assigned (see Comments). Press right nouse button or Esc to
exit.

Not e: Squares can be de-selected by clicking on them wth
the left nouse button

Comment s

The purpose of designating breakbulk areas is to define the
| ocal pickup and delivery areas for each breakbul k. Any
shi pments originating or termnating in a breakbulk's area
wi ||

be handled by that particular breakbul k's local drivers.
The

following are some tips in selecting breakbul k areas:

Each square is 2° by 2° | atitude/l ongitude.

I ndi vi dual squares are designated on the map by a letter
and

number code. The following is a list of squares that nust

be assigned to a breakbulk prior to the execution of



the sinulati on nodel
Al - A0 D1 - D29 @& - &6 J5 - J23 L22 - L24
Bl - B30 El1 - E29 H3 - H26 K6 - K23 WM - M5
ClL - C30 F2 - F26 14 - 125 L6 - L15 M3
Al'l breakbul ks nmust be assigned at |east one 2° x 2° region.

As breakbul k areas are assigned, they will appear in
different colors on the map to distinguish one

br eakbul k
area from anot her.

A good nmethod for assigning breakbulk areas is to start at
one end of the <country and proceed to the other end.

I n
this manner, the likelihood of m ssing squares in the mddle
of the map is mnim zed.

When in doubt, consult the list of assignable squares to
make sure they are all assigned. BBNET will not continue
to the next step unless all squares are assigned to a

br eakbul k.

NEAREST BREAKBULK OPTI ON

1. Select B/b Areas Nearest Opti
type Y. To change fromthe | at/
br eakbul k option, select the |at

on fromthe nmodify nenu and
| ong option to the nearest
/1ong option and desel ect at

| east one square that was that was previously defined for a
br eakbul k.

Now sel ect the nearest option and type Y.

Step Four: Maxi mum Nunber of Breakbul ks for Each Shi pnment

(I'nsert figure 5 fromthe file \figl-6)
Figure 5. Nunber of Breakbul ks
1. Sel ect Number of breakbul ks fromthe MODI FY nmenu .
2. Enter any nunmber between 0 and 9 for each 500 mle range.
Comment s

By specifying the maxi mum nunmber of breakbul ks through which
a shi pment can be routed, the m nimum of the user specified or



t he actual nunber of internmedi ate assigned by Fl oydAs
algorithm for the shortest distance between all breakbul ks
is considered for calculation of handling cost and handling
tinme. In this way, BBNET can account for truckload
freight consolidation to EOL termnals that are not handl ed
again at internedi ate breakbul ks. 6.2 Preparing Data Files
Data files can be based on historical or forecast data. To
test BBNET, we nmade use of historical data supplied by ABF
Freight System Inc. These data files are called abf.dat for
the test problens.

The following is a list of the fields found in each record
type:

Order History (Record Length = 42)

Field Description Field
Length

gin City ID

igin Latitude

i gin Longitude

tination City

I D

Destinati on

Lati tude

Destinati on

Longi t ude

Shi pment  Wei ght

in I bs

~ » (63} ~ArWNPF
n ———
» » » WooWw

The following is a sanple from abf.dat for one shipnent:

FSM 035. 23 094. 24 PHx 033.27 112. 04 000018

6.3 RUNNI NG BBNET

(I'nser figure 6 fromtheO file \figl-6)
Figure 6. Transportation and Handling Details

The following is the procedure for perform ng the
oper ati onal

anal ysi s:



1. Select B/b Operations fromthe RUN PROGRAMS nenu.

2.You are then given the option to enter the follow ng data;
Transportation rate in $/Ib/mle.

Transportation speed in nph.

Handl ing rate in $/1b/handli ng.

Handling tinme in mns/lb.

O0OTYR

3.\When the analysis 1is finished, the BBNET map screen
will reappear. Select B/b Operations fromthe REPORTS nenu.

4. The report wll be displayed. Wen finished view ng
the report, press Alt x to return to the BBNET nain nenu.

Comment s
The report is displayed in the SIMNET Il Editor format.
Use <page up> and <page down> to |ook at the report. The
report can be printed by pressing Alt P. Press F1 for
the HELP nenu.

For a full description of the breakbul k operations
report,
see Section 7.



7. BBNET OUTPUT REPORT
7.1 COST AND Tl ME CALCULATI ONS

Followng is a presentation of the calculations involved
in collecting the various nmeasures of perfornmance.

1. Transportation <cost = transportation rate ($/Ib/mle)
x shi pment wei ght (lIbs) x EOL di stance
(origin
to breakbul k mles + breakbulk to
destination mles) + transportation rate
($/1b/mile) x shipment weight (Ibs) x
(breakbul k to breakbulk mles)/ 17500
2. Traveling time = total distance fromorigin to
destination (mles) x speed
(mles/hr).
3. Handling cost = handling rate ($/1b) x shipnent wei ght
(I'bs) x mninmm of actual and user specified
nunmber of breakbul k term nal s.
4. Handling tine = time to transfer (mnutes/lb) x

shi pment weight (Ibs) x m ninmum of actual and
user specified nunber of breakbulk term nals
where the shipnents are handl ed.

7.2 EXAMPLE OPERATI ONAL REPORT

BBNET Version 1.0. Break bul k Network Eval uati on Software
(1995).

I ndustrial Engineering Dept., University of Arkansas,
Fayetteville, Arkansas.

kkkkhkkhkhkhkhkhkhkkhkhkhkhkhkhkikhkhkhkkhkkhkkhkhkhkhkhkhkhkkhkkhkhkkkk*k

NETWORK REPORT



*xxxx NEAREST BREAKBULK SERVI CE AREA OPT| ON*****

NUMBER OF BREAK BULKS: 10
TRANSPORTATI ON RATE: 0.2200 $/Ib/mle
TRANSPORTATI ON SPEED: 55 nph
HANDLI NG RATE: 0.0050 $/1b

HANDLI NG TI ME:  0.5000 mins/Ib

NUMBER OF SHI PMENTS: 470404

TOTAL WVEI GHT: 657930982 | bs
TRANSPORTATI ON COST: $62339472. 00
TOTAL DI STANCE: 764312960.00 m | es
TRAVELI NG TI ME: 13896599. 00 hours
TOTAL HANDLI NG COST: $6169089. 00
TOTAL HANDLI NG TI ME: 10284973. 00 hours

# OF TOTAL
ORI G N SHI PMENTS %6SH PMENTS VAEI GHT
1 43164 9.18 63139780
2 96252 20. 46 120752699
3 63803 13. 56 85470550
4 31291 6. 65 46219393
5 21351 4. 54 30305147
6 43532 9.25 63380258
7 65682 13. 96 91253651
8 49341 10. 49 73340732
9 21674 4.61 33498156
10 34314 7.29 50570616
TOTAL 470404 100. 00 657930982
# OF TOTAL
DESTI NATI ON  SHI PMENTS %6SHI PMENTS VEI GHT
1 27078 5.76 39329674
2 97779 20. 79 136893670
3 44321 9.42 67174302
4 41319 8.78 60391450
5 37521 7.98 51897866
6 49829 10. 59 65822193
7 62099 13. 20 82930098
8 49779 10. 58 67289337
9 24805 5.27 34101382
10 35874 7.63 52101010

TOTAL 470404 100. 00 657930982



