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ABSTRACT

In this report, the authors discuss a unique research program involving academe, industry, and
government to conduct research in the area of logigtics systems with a specific focus on truckload
trucking operations in North America. It is demongrated herein that logistics research is both timely
and necessary for those companies seeking strategic advantage during this time of rgpidly changing
manufacturing and ditribution paradigms. The change agent that we have sdected for research involves
the use of dterndaive ddivery mechaniams. We focus on the use of regularly scheduled ddivery
capecity in the form of delivery lanes, hubs, or zones. Herein, we motivate goplied collaborative
logigtics research and present the results of important research contributions leading to Srategic
marketing and operationd initiativesin the fidd.
THE GROWING IMPORTANCE OF BUSINESSLOGISTICS

One of the world's most rapidly growing industria sectors is that of business logigtics systems.
Higtoricdly, logistics has been considered to be primarily the procurement, production, and distribution
of materids and products in atimely fashion. More broadly defined, logigtics systems include the full-

gream life-cycle flow of goods, information, and payments. Logistics is a mgor industry worldwide.
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In the United States, more is spent annudly on logigtics related issues than for defense, hedlth services,
or socia security.

The growth of logidtics is brought about partidly by improvements in trangportation and
communications sysems. It is dso the result of changing organizationd paradigms such as agle
manufacturing systems that promote the use of rapidly reconfigurable manufacturing entities on a large
geographicd scae. Consequently, manufacturing systems are increasingly more globad and increasingly
more trangent in nature. This means that the logitics systems which support manufacturing are rapidly
becoming key dementsin the determination of which manufacturing systems can be competitive in terms
of both price and customer service.

One of the implications of the growth and increasing satus of logigtics systems as components
of drategic manufacturing initiatives is that research into effective logigtics sysems is incressingly
important and epecidly timely. Manufacturing isincreasngly geographicaly diverse, while financid and
competitive pressures no longer dlow manufacturers to use inventory in the form of large safety stocks
to decouple manufacturing entities.  Popular manufacturing drategies such as Jug-inTime (JT)
manufacturing techniques (e.g., Schonberger, 1982) have created the need for more rdiable pickups
and ddiveries with decreasng acceptable schedule tolerance.  Improvements to materid and
information flow systems to ensure that the right business entities are available at the right places, a the
right time, and in the right quantities provide the best means of achieving competitiveness and gaining
market share. Logistics providers must become a partner with other business entities in this process.

In this report, the authors focus on one very important component of business logigtics sysems,

the truckload (TL) trucking industry in North America As indicated above, cusomer service
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expectations in al areas of logigtics systems are rapidly evolving. According to Schwartz (1992), the
most Sgnificant of these changes in the TL trucking industry in the United States has occurred as result
of industry deregulation following the 1980 Motor Carrier Act. Previous to this time, Schwartz argues
that government regulation caused inefficiencies in routes, service authority, commodity authority, carrier
sdection by shippers, and rates. Because of the rdativedy smal investment required to enter the
truckload trucking market, the post deregulation industry is very competitive. Market shareis gained or
lost based on cost and service. Pragmatic research must therefore address ways to reduce cost and
incresse value to customers.

Logigtics research must dso extend into academic curricula.  Logistics companies are now a
mgor employer of college graduates, yet most colleges and universities do not adequately address
logigtics in coursework or research. Thisis another reason why the work described herein is especidly
timely.

CHALLENGESIN TRUCKLOAD TRUCKING LOGISTICS

In this section, the authors outline a research agenda to examine some daunting problemsin the
truckload trucking industry in North America. We focus on improvements to the driving job and to
sarvice qudity to customers. We make extensve use of case information supplied by JB. Hunt
Trangport, Inc., the largest publicly held TL trucking company in the United States in seeking
improvements to driver job quaity and customer service needs.

Schwartz (1992) cites driver recruiting and retention as a key truckload trucking business
grategy in the 1990's. Thisis an opinion shared by most researchers and by officids in the truckload

trucking industry. As pointed out in Mele (1989, 1989b), turnover rates can range from 85% to
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110% per year in the truckload industry. There are two reasons for this turnover. First, random over
the road (OTR) drivers often have very long tour lengths (See Powell et d., 1988 for more information
on OTR dispatching). Secondly, the qudity of life on the road islow. Generdly spesking, the driver is
ether driving, egting, or deeping at dl times. In contrast, Mde points out thet Y ellow Freight System, a
less-thantruckload (LTL) trucking company, has a turnover rate of 4.5% for city drivers and dightly
above 10% for linehaul drivers. The reason for this increased loyaty seemsto be the fact that the LTL
driving job is much more regular, with driving routes to support the same end-of-line or breakbulk
terminds dally. The resulting short tour lengths make the job much more attractive.

The authors of this report have examined severd dternatives to random OTR dispatching in an
effort to regularize the TL driving job and to improve driver retention.  The first such effort was the
congderation of ahub & spoke (H&S) network smilar to those employed in LTL settings. Although
differently motivated and designed, this work was inspired by hubbing in LTL (See Braklow et 4.,
1992) and airline industries (See Kanafani and Ghobria, 1985 or Morrison and Wington, 1986). See
Taha et al., 1996, or Taha and Taylor, 1994 for information about this problem, and for information
about the HUBNET simulation tool developed for and employed in thisandyss.

Subsequently, the HUBNET smulation sysem has been used to optimize H&S layout
configurations in TL trucking. A dzable factorid experiment was formulated to examine the effects of
various hub location methodologies, the number of hubs utilized, the rules guiding acceptable tour
lengths, the dlowable circuity congtraints, and the number of driversin the sysem. The findingsindicate
that while tremendous savings are possible in terms of driver tour length, the improvement comes at the

expense of miles per driver per day, circuity, and first dispatch empty miles. The findings have led the
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academic and indudtrid invedtigators to conclude that limited implementation seems to be the best
dternative for H& S usage in the TL environment. This limited implementation can be in the form of full
networks carrying part of the freight or in terms of partid networks. Partid networks seem to provide
the best dternatives conceptualy. Furthermore, it would appear that not al loads are viable candidates
for such networks. See Taylor et d. (1995) for more information regarding experimentation with the
HUBNET system.

Sevard dternative digpaiching systems have been examined subsequently and severa more
solution gpproaches are under current congderation. For each dternative, solution methodologies must
consder basc performance tradeoffs. Almost any solution methodology that restricts driversto regular
lanes or service areas achieves the god of tour length reduction. Depending upon the methodology
employed, this improvement can be dragtic. Many solutions aso improve the ability to regularly
schedule capacity dong high freight dengity lanes. Unfortunately, dmost any solution methodology thet
abandons point-to-point deliveries adds to load circuity. Furthermore, depending upon the solution
methodology and associated parameters, first dispatch empty miles may increase or decrease, and the
miles driven per driver per day may increase or decrease.

From a driver viewpoint, quality is a function of severa things, but can be measured in a mgor
way by the average tour length metric and by the miles per driver per day metric, which is directly
proportiond to pay. From a company viewpoint, one may be more interested in driver retention,
equipment utilization, fud efficiency, the percentage of onrtime deliveries, etic. From a customer
perspective, qudity is a function of on-time pick-ups and ddliveries, trangit speed, and the availability of

‘gpotted’ trailers for loading or unloading at customer convenience. Some of these multi-criteriagods
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may appear to compete and conflict with one another, but some Strategies currently under consideration
may concurrently improve qudity relative to the driver, the cusomer, and the trucking company.
Certainly, any srategy that helps with driver or customer retention is a good candidate for consderation
as along-term Strategy for the company.

RESEARCH EXPERIMENTAL PLAN

In this section, the authors describe the experimenta plan for the research completed to date
(subsequent to HUBNET experimentation) and briefly discuss the tools used to complete the research
tasks. The primary focus of the research is on driver tour length reduction. Thisis directly related to
driver retention, a key business drategy. Therefore, any operationa techniques that improve the
regularity or qudity of the driving job contribute to strategic cost reduction goas. Also, depending upon
the methodology sdlected for tour reduction, the potential exists to concurrently improve on-time
ddivery performance to customers, thus directly serving customer service gods.

The primary research tool for use in this research is discrete event sysem smulation using the
SIMNET Il language. The language is a good choice due to the use of unique transaction flow
procedures that facilitate trangportation modeling, the availability of high-level programming language
capabilities that dleviate the need for additiond externa subroutines, and the avalability of very
powerful and flexible file manipulaion capabilities The language adso offers powerful debugging and
code verification tracing tools.  All smulation scenarios described herein are data driven using actua
JBH higtoricd load information. The magnitude of JBH data files necesstates the use of a UNIX
amulation platform. Statistica output processing has been completed using default SIMNET |1 output

and the SAS datistica package.
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This project has five dated objectives, to provide design guiddines for dternative delivery
mechanisms such as lanes or zones, to examine operationd rules associated with the dternatives, to
provide sengtivity anadyds around key parameters, to examine the impact of dternative geographical
aress, and to make al evauations rdative to standard industry metrics. All objectives have been met.

Building upon the work of the HUBNET system previoudy described, the authors have
gpecified the examination of additional operationd strategies for tour length reduction. Because our
mogt basic god is to find ways to convert OTR jobs to regiona jobs, we sdected and have
experimentaly isolated a region in the Southeast (SE) United States for initid consderation. In the
primary experimenta design, seven dterndive formulations have been consdered in an effort to find
ways to improve dispatching operations and to convert OTR to regiond driving jobs:

1). A ‘basdineé modd featuring point-to-point OTR tours for comparison purposes.

2). A ‘zone modd that makes use of 9x SE zone perimeter hubs as drop points. The idea

being that SE regiond drivers pick up and deliver loads within theregion while OTR ~ drivers
stop at the zone boundary. Thiswould help to ensure that SE regiond drivers could  have  gredtly
reduced tour lengths.

3). A ‘key lané mode that moves a percentage of basdline loads dong awel-defined ddivery
laneinto and out of the SE region. The laneis selected to be conducive to a one- day drive and
s0 that reasonable volume and balance results. One such laneconsderedis  Atlanta,  Georgia  to
Memphis, Tennessee. Loads that can traverse down the lane without  encountering more than 20%

circuity are selected for lane travel.
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4). A second ‘key lane modd that makes use of an Atlanta, GA to Richmond, VA lane.

5). A third ‘key lane mode that concurrently considers both key lanes.

6). A ‘key hub' modd that uses a sngle Atlanta, GA hub ingead of the sx zone hubs as a
transshipment point.

7). A ‘hybrid modd that combines the key hub and zone model s for an integrated solution.

The examindion of these seven dterndive ddivery configurations provides tremendous indght
into the design and operationa issues with which we are concerned and helps us to achieve the first two
stated project objectives. The experimentation clearly shows the efficacy of the various desgn
approaches, physica resource configurations, and operationd rules used in the experimenta design.
Figure 1 shows the location of the SE region, the mgor hub in Atlanta, GA, the Sx zone perimeter hubs,
and the lane locations used in the primary experimenta design. The third objective regarding sengtivity
andysis is accomplished using additional experimentation and a secondary experimentd desgn. The
sengtivity analyss includes examination of the dlowable circuity for lane participation for both sngle lane
and 2-lane moddsin the SE region. Additiond sengtivity anadlyssis performed to determine the optimal
number of perimeter hub locations to use in the zone modd in the SE region. The experimental design
a0 secifiesthe study of an additional geographical region in the Northeast (NE) United States to meet
the fourth stated objective and to ensure that solutions are not specific to a particular set of operationd
condrants. Standard industry metrics are used to measure performance, thus meseting the fifth
objective.

RESEARCH FINDINGS
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In this section, we describe the results from the research efforts outlined in the previous section.

We will begin with the primary experimental design in the Southeast region. A globa comparison of dl

metrics of interest appearsin Table 1. Because dl performance information presented in this section is

conddered to be very proprietary by JB. Hunt Transport, Inc., al metrics are published in comparison

to the basdine, point-to-point OTR scenario. A description of scenarios and performance measures

used in Table 1 follows:

Scenarios.

1).
2).
3).
4),
5).
6).

7).

BASEL IN--the basdine point-to-point OTR scenario.
ATL-MEM--the Atlanta, GA/ Memphis, TN lane scenario.
ATL-RVA--the Atlanta, GA/ Richmond, VA lane scenario.
2 LANE--the scenario featuring both SE lanes.

ATL HUB--the Atlanta, GA key hub scenario.
ZONE--the SE zone scenario.

HY BRID--the zone/key hub hybrid scenario.

The SIMNET |1 code for these scenarios agppear as appendices to this document.

Performance Measures:

1).

2).

MAX DR and AVG DR--the maximum and average number of active drivers used in the
smulation study compared to 1.00 basdine vaues.
MAX AM and AVG AM--The maximum and average number of Atlanta-Memphis lane

drivers compared to 1.00 basdline vaues.
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4).

5).

6).

7).

8).

9).
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MAX AR and AVG AR--The maximum and average number of Atlanta-Richmond lane
drivers compared to 1.00 basdline vaues.

MAX HUB and AVG HUB--the maximum and average number of OTR drivers externd
to the SE region making deliveries to/from the zone hubs compared to 1.00 basdine  vaues.

MAX SE and AVG SE--the maximum and average number of SE regiond drivers making
ddiveriesto/from the zone hubs compared to 1.00 basdline vaues.

CIRC--the average circuity (excess miles per trip) for dl loads in comparison to point-to-
point distances (assume circuity equas zero in the basdine modd!).

% CIRC--the average percent circuity (actual miles compared to point-to-point miles) for
those loads that do not travel point-to-point.

IMBAL--the number of loads into the SE region minus the number of loads out of the SE
region compared to a 1.00 basdline vaue.

AM IMBAL and AR IMBAL--the lane imbaance into/out of the SE region on the

Atlanta- Memphis and Atlanta- Richmond lanes, respectively.

10). 1 DISP--first digpatch empty miles compared to a 1.00 basdline.

11). LATE HR and LATE %--the average number of late (or early) hours per load and the percent

of late loads compared to 1.00 basdline vaues.

12). MILES DR--the average number of miles per driver per day compared to a 1.00 baseline.

13). MILES AM, MILES AR, MILES SE, and MILES HB--the average number of miles per

driver per day for AtlantaaMemphis lane drivers, Atlanta-Richmond lane drivers,
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Southeast regiond drivers, and external OTR drivers, respectively, compared to the 1.00

MILES DR basdline.

14). % AM LN, % AR LN, and % HUB--the percent of total loads that travel dong the
Atlanta-Memphis lane, the Atlanta-Richmond lane, or that travel through one of the zone
hubs, respectively.

The results presented in Table 1 are based on the mean va ue obtained from five replications of
the smulation models developed for each scenario. Each replication smulates one steady- state week of
truckload trucking operations. Additiond information regarding the development of the basdine and
key lane models can be found in Killian, 1997. Key hub and zone model development for the SE
region is discussed in Gangluff, 1997. While Table 1 provides comprehensve information regarding
mean vaues for dl performance measures, the primary discusson of metrics will focus on four key
metrics, miles per driver per day, the percent circuity, first dispatch empty (deadhead) miles, and
average percent of late (or early) loads. Mean performance for al Southeast scenarios for these
metricsis presented in Figures 2 through 5.

In Figure 2, it is clear that the Atlanta key hub scenario produces the highest leve for miles per
driver per day. Even so, Table 1 indicates that many of these miles are circuitous miles caused by
forcing the loads through the hub. Therefore, dthough the key hub scenario gppears strong relative to
this metric, the informed observer can recognize some inefficiencies. The only other scenario
comparing favorably with the basdline scenario rdative to this metric is the zone model, which compares

favorably, but with a much smaler leve of circuitous miles than in the key hub modd. Means tests on
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the results indicate, however, that the zone modd is not statistically different from the basdine at a 95%
confidence level.

Figure 3 presents the results of means comparisons for the percent circuity metric. Clearly, the
key hub modd is a very poor performer rdive to this metric. Thisis one of the reasons why hub &
gpoke networks were never serioudy considered for truckload trucking applications. The HUBNET
system helped to quantify these problems. The basdine is assumed to produce no circuity becausedl
loads are delivered using point-to-point OTR drivers. The percent circuity is therefore caused by those
loads that travel dong lanes or through hubs. The hybrid modd compares mogt favorably to the
basdine modd for the percent circuity metric. Even S0, it is datidicaly different than the basdine
scenario a the 95% confidence level. The key lane modds perform adequately, but have a relaivey
smdl lane participation (approximately 4% to 22%). The zone modd produces only 10.70% circuity
for zone loads with more than 90% zone hub participation.

Firg digpatch empty miles performance is presented in Figure 4. Once again, the zone model
performs very well. It offers gatidicdly sgnificant improvement over the basdine modd a the 95%
confidence levd. The key hub and hybrid modds dso offer gatigticdly sgnificant improvement
compared to the basdline, but do not offer the same level of performance relative to other measures of
effectiveness that continue to make the zone modd an attractive aternative. The reason for the strong
performance of the hub, zone, and hybrid models is that the positioning of the hubs is well coordinated
with freght pick-up and delivery locations. Drops at zone hubs leave trucks well positioned for anext

load pick-up.
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Figure 5 compares the performance of the average percentage of late (or early) loads. Relative
to this metric, only the key hub mode performs worse than the basdine. The hybrid modd performs
best relative to this important customer service indicator, but the results are not  sgnificantly different
from the basdline scenario at the 95% confidence level by a smdl margin. Smilarly, the other scenarios
that offer improvement do not do so satisticaly sgnificantly in comparison with the baseline scenario.

A summary of the results from the SE region is now presented. All of the proposed aternatives
to the baseline modd would offer tremendous opportunity to convert OTR to regiona or locd jobs. If
this were the only concern, each would be a viable candidate for further development. When
consdering al metrics, however, the zone mode appears to be the best choice. We will now discuss
the relative merits of each aternative consdered.

The hub mode produces so much excess circuity that dmost dl other metrics are dso adversdy
affected. Experimentation with the HUBNET system produced smilar findings. Therefore, the sngle
hub mode! should not be considered further.

The three different lane models examined led to improvement in some aress a the expense of
others. The improvement offered by these modes (in addition to driver tour lengths for lane drivers) is
primarily in terms of customer service. Lateness and percent lateness is generdly reduced for those
models that have reasonable lane participation. The problem is that this service improvement is
achieved while increasing circuity and firs digpatch empty miles, and while reducing the criticd
operationd metric of miles per driver per day. The miles per driver per day metric is especidly
ggnificant because a reduction here means that not only does the Strategy reduce equipment utilization,

but it reduces driver pay. Thus the problem contributes to the origina problem of driver retention.
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Subsequent sengitivity analysis rdative to the lane modds is completed to determine whether or
not lane participation rules affect performance.  Specificdly, the origind lane modds permit lane
participation on a lane for those loads that do not encounter more than 20% circuity in traversang the
lane. A secondary experimenta analyds has been undertaken to determine the sengtivity of the various
performance metrics to the lane participation rule. In this secondary analysis, lane participation has been
permitted for 15% circuity and for 25% circuity.

Table 2 presents the reaults from the lane participation sengtivity andyss. The experiments
have been completed for dl three lane models. The Atlanta-Memphis scenarios are labeled ‘AM’, the
Atlanta- Richmond scenarios are labeled ‘AR, and the 2 lane models are labeled ‘BOTH’ on the figure.
The 20% columns in Table 2 are conddered ‘basding scenarios for the sengtivity andyss so dl
performance comparisons are relative to the 1.00 vaues in the 20% basdine. Athough somewhat
arbitrarily sdlected initidly, the 20% basdine vaue paeforms wel during sengtivity testing. Reducing this
vaue to 15% generdly leads to improvements in terms of miles per driver per day and in terms of the
number of drivers required. Likewise, the circuity measures are improved. This, of course, is an
obviousresult. The first digpatch empty miles performance metric gppears indifferent to the reduction in
dlowable circuity. The only negative performance observed for the reduction isin the customer service
metrics of late hours and the percent of late loads. This negative performance is most pronounced for
the AM scenarios, but is present to a lesser extent in the other scenarios.  The results of increasing
dlowable circuity b 25% are predictable, with the only red improvements coming in the customer

service metrics. Therefore, it would appear that the 20% dlowable circuity rule results in a compromise
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between customer service and company or driver performance metrics, and the zone models appear to
provide robust improvement in comparison to the lane modds.

The zone and hybrid modes gppear to provide farly robust improvements in some areas and
do not perform as wdl in others. Some results are difficult to interpret. For example, the maximum
number of required driversin the SE zone model is greater than the basdline, but the average number is
less. Both the zone and hybrid models perform worse than the basdine in terms of average lateness but
perform better than the baseline scenario in terms of the percent late. Therefore, these aternatives lead
to a smaler percentage of later deliveries. The imbdance is dso increased but this result is not
meaningful because direct ddivery rulesin the proximity of a zone hub lead to an effective change to the
dze & shape of the SE region (loads originating or destinating within 50 miles of a hub are subject to
direct pick-up or ddivery without passng through the hub). Both modds lead to a ddtidicdly
ggnificant improvement in firgt dispatch empty miles, have srong participation in the hub programs
(more than 90%), and have ‘acceptable’ leves of circuity given that the laudable god of converting
OTR to regiond driving jobs would necessarily be accomplished with some circuity incresses.

The zone modd agppears to perform dightly better than the hybrid modd in generd. The zone
modd operates with fewer drivers, fewer first dispaich empty miles, and less late hours. The hybrid
modd performs better in terms of circuity and the percent of late jobs, but most of these differences are
not gatisticaly sgnificant. The most criticd differenceisin terms of miles per driver per day, where the
zone modd performs gatisticaly better at a 95% confidence leve in comparison with the hybrid. Based
on these reaults, it is concluded that the zone modd appears to be the best driver tour reduction

technique in the SE region from among the dternatives examined.
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To determine if these results are robust in generd terms, an additiond andysis has been
undertaken using a second geographica region in the Northeast (NE) United States. Figure 6 presents
pertinent information about the NE area in terms of geographica boundaries, hub locations, and lane
locations. Table 3 presents the results of testing for an identical set of scenarios and performance
measures to those used in the SE study. Some description of the NE region scenario names is required
for understanding Table 3. The EBR-EMP lane is from East Brunswick, NJ to Emporia, VA. The
EBR-AKR lane is from East Brunswick, NJ to Akron, OH. The EBR hub mode is andogous to the
Atlanta, GA key hub modd in the SE region. Some metric titles have also changed. Obvioudy, NE has
replaced SE in these titles.  Also, EE represents East Brunswick-Emporia and EA represents East
Brunswick-Akron. Figures 7-10 present mean performance results for miles per driver per day,
percent circuity, first digoatch empty miles, and average percent of late (or early) loads.

Table 3 and Figures 710 tend to support the thesis that the results are trandferable across
regions. The maximum and average driver satistics are very smilar. The circuity performance is dso
amilar, but in the NE region both lanes are heavily traveled and circuity is therefore generdly higher for
the individud lane modds. Firgt digpatch empty miles performance has smilar trends to those observed
in the SE region, but the zone and hybrid models perform even better in the NE region. The customer
service metrics involving lateness are dso amilar, but again the zone modd performs even better in the
NE than in the SE. In fact, the negative performance in terms of lateness in the SE is reversed for the
zone modd in the NE. In the NE region, both lateness and percent lateness are improved. Both of
these metrics offer gatisticaly sgnificant improvement reldive to the basdline.  Circuity is reduced in

comparison with the SE, primarily because the NE region is more easly isolated from the remainder of
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the United States with less area to cover with perimeter hubs over a smdler collection of mgor roads.
Consequently, dmost 98% of |oads traverse through a hub in the zone and hybrid modds. One could
argue that circuity with ‘zon€ methods could be further reduced by using a larger number of drop
points, even to the extreme of using so cdled ‘drop & swap’ software to match one load entering the
zone with one load exiting the zone. In practice, these techniques have resulted in logigtical nightmares
and are subject to the scheduling inconsstencies inherent to stochadtic systems. The use of a smdler
number of drop yards eiminates some of these stochadtic inefficiencies and permits smooth flow of
goods across the zone boundary. The miles per driver per day are dightly less for the zone and hybrid
models than in the NE basdline scenario, but not darmingly so and certainly not satisticaly sgnificantly
S0.

The examination of the second geographicd area not only adds credibility to the effort in terms
of meking dlams of generdity, but in fact demongtrates that some regions may be even more well suited
to the Strategies than the origina scenario.

Sengtivity analyds has dso been completed for the number of hubs used in the SE region to
determine the effects of using a large or smal number of hub locations. Figures 11-14 present mean
performance results and 95% confidence intervals for miles per driver per day, percent circuity, first
dispatch empty miles, and average percent of late (or early) loads aiteria for SE zone moddls. This
experimentation makes use of 2 to 10 hub locations. The miles per driver per day criterion presented in
Figure 11 seems to perform best with 4 to 7 hubs but produces no results which differ significantly
between 3 and 10 hubs. The circuity metric presented in Figure 12 is characterized by tight confidence

intervals and mean vaues that decrease as the number of hubs increase. The firgt digpatch empty miles



Page 18.

criterion in Figure 13 indicates that 3-5 hubs result in the best vaues for first digpatch empty miles.
Scenarios with 7 or more hubs perform sgnificantly worse than those with 3 or 4 hubs. Findly, the
percent of late loads seems to be lower for scenarios with 6 or more hubs but none of the scenarios
sonificantly differ from the others. These sengtivity analysis results seem to indicate that scenarios with
4 10 6 hubs in the SE region seem to offer the best compromise solutions relative to dl four of the key
metrics. These scenarios gain mogt of the steep improvements in circuity possible from hub increases
yet do not pull drivers away from dense freight regions for strong first digpatch empty miles
performance.
RESEARCH RELEVANCE AND IMPLICATIONS

The research discussed herein has made sgnificant contributions to the literature in determining
viable digpatch and delivery dternatives to the OTR system employed by most TL trucking companies.
The drategies presented herein have turned into practicd redity within the JBH delivery network. At
thiswriting, a ‘key lan€ isin use in the Eagtern United States, linking northern and southern marketing
areas with a angle east coast lane. Of course, JBH has been operating with de facto lanes for severd
years asamgor carrier of intermoda truckloads with rail. The east coast laneisthefirst red attempt at
a0ldy truckload ‘lane. Also a thiswriting, a‘zone system isfully approved and in the find stages of
planning for use in the NE United States with expected implementation in the near future. These
innovations are being directly driven by thisjoint collaborative research.

Other research efforts are currently being initiated through the ongoing research partnership

described herein. New efforts focus primarily on marketing strategy, pricing, and intermoda synergy.
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Tools ranging from Geographica Information Systems to Smulation are being used to examine problems
and to develop solutions.

Although most research to date has focused on normal TL operations, JBH is more and more
interested in pursuing a customer base that includes a high flow of regular shipment volume from large
manufacturing companies or other regular shippers. The company would like to be in a pogtion to
package their services in such away that they could regularly schedule their capacity for large customers
in the form of tota business logistics solutions. Idedly, engineered services could be provided by
merging a controllable share of existing JBH freight with new customer freight to build dedicated, regular
delivery bnes. The company would further like to anticipate customer needs to provide matching
services without being asked, and would like to handle seasondity, surges, promotions, etc. without loss
of qudity in ddivery sarvice. To borrow from a cusomer service hierarchy presented by Albrecht
(1994), the TL trucking industry should gtrive to provide leadership in offering service that goes beyond
‘basic’, ‘expected’, or even ‘desired’ levels of service. The god of JBH, the TL trucking industry, and
of the academic researchers is to provide operationd drategies and drategic vision leading to
‘unanticipated’ service to customers by continuoudy providing new levels of service that go beyond
customer desires.

The primary focus of this research is on improving the quality of driver life and cusomer service
inthe TL trucking industry but we should not forget that the synergistic partnership produces many other
benefits. Key among these benefits is the value brought back into the academic classsoom. Students

derive tremendous benefits from the study of proven, case-driven research ideas that broaden thelr
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experience base and tha permit the sudy of a problem from initid identification through field
deployment.

The research described herein is practicdly motivated, funded by industry, academe, and
government, and has the potentid to fundamentaly change the way that large truckload trucking
companies operate.  There is no question that the research collaboration results in a synergy that is
larger than the sum of the parts  The creative marketing and operationd initiatives resulting from this
work are atestimony to thisfact.
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