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EFFECT OF LONGER COMBINATION VEHICLES ON THE 
TOTAL LOGISTICS COSTS OF TRUCKLOAD SHIPPERS 

ABSTRACT 

The purpose of the research described in this paper was to examine the effects of using longer 

and heavier tractor-trailer combinations from the standpoint of the individual firm or shipper rather 

than from the viewpoint of the motor carrier. The objective was to determine the effect of longer 

combination vehicles (LCVs) not only on shippers’ freight costs but on their inventory and other 

logistical costs as well. A sample of companies in selected industries provided data on their principal 

products, traffic flows, and logistics costs in a mail survey. These data were entered into a computer 

program called the Freight Transportation Analyzer (FTA) which calculated the component logistics 

costs associated with shipping by single trailers and by two alternative types of double trailer LCVs. 

A major finding of the study was that, given sufficient flows of a company’s product in a traffk lane, 

LCVs would in most cases greatly reduce the total logistics cost of firms that currently ship in single 

trailer truckload quantities. Annual lane volume, lane distance, and annual lane ton-mileage appeared 

to be good indicators of whether or not shipping by LCVs would benefit a company, whereas product 

value had surprisingly little influence on the cost-effectiveness of LCVs. An even better indicator was 

the ratio of current annual freight costs to current annual inventory carrying costs for a firm’s single 

trailer truckload shipments. Given the current trend toward maintaining small inventories and shipping 

in small quantities, it is not clear to what extent shippers will abandon single trailer transport to take 

advantage of the potential reduction in total logistics cost afforded by LCVs. 
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EFFECT OF LONGER COMBINATION VEHICLES ON THE 
TOTAL LOGISTICS COSTS OF TRUCKLOAD SHIPPERS 

- 
ABSTRACT 

The purpose of the research described in this paper was to examine the effects of using longer 

and heavier tractor-trailer combinations from the standpoint of the individual firm or shipper rather 

: than from the viewpoint of the motor carrier. The objective was to determine the effect of longer 

combination vehicles (LCVs) not only on shippers’ freight costs but on their inventory and other 

logistical costs as well. A sample of companies in selected industries provided data on their principal 

products, traffic flows, and logistics costs in a mail survey. These data were entered into a computer 

program called the Freight Transportation Analyzer (FTA) which calculated the component logistics 

costs associated with shipping by single trailers and by two alternative types of double trailer LCVs. 

A major finding of the study was that, given sufficient flows of a company’s product in a traffic lane, 

LCVs would in most cases greatly reduce the total logistics cost of firms that currently ship in single 

trailer truckload quantities. Annual lane volume, lane distance, and annual lane ton-mileage appeared 

to be good indicators of whether or not shipping by LCVs would benefit a company, whereas product 

value had surprisingly little influence on the cost-effectiveness of LCVs. An even better indicator was 

the ratio of current annual freight costs to current annual inventory carrying costs for a firm’s single 

trailer truckload shipments. Given the current trend toward maintaining small inventories and shipping 

in small quantities, it is not clear to what extent shippers will abandon single trailer transport to take 

advantage of the potential reduction in total logistics cost afforded by LCVs. 

INTRODUCTION 

The purpose of the research described in this paper was to examine the effects of using longer 

and heavier tractor-trailer combinations fiom the perspective of the individual f m  or shipper rather 

than from the viewpoint of the motor carrier or truck operator. Previous studies have predicted 
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significant savings in freight costs for shippers, based on expected gains in carrier productivity. 

Freight costs, however, make up only a portion of a shipper’s total logistics cost which also includes 

the cost of carrying inventory. If, as a result of switching from single trailer truckloads to longer 
- 

combination vehicles (LCVs), a shipper’s inventory carrying costs increase more than any savings in 

transportation costs, then any productivity gains available to the carrier will be lost to the shipper. 

The objective of this research was to determine the effect of LCVs not only on shippers’ freight costs 

but on their inventory and other logistical costs as well. 

A preliminary study revealed that the net benefits of larger truck sizes and weights to shippers 

were sensitive to product value, length of haul, and annual traffic lane volume.’ It indicated that 

certain combinations of product value, shipment distance, and annual volume can increase inventory 

carrying costs to the point where they offset the transportation cost savings of LCVs. The research 

described in this paper extended the results of the preliminary study to a broader range of industries, 

product values, shipment distances, and lane volumes. 

DATA COLLECTION 

The logistics cost analysis was performed on data from a mail survey of shippers in selected 

industries. The survey was designed to collect product information, traffic flow data, and logistics 

cost information from each company. Shippers were first asked to select two of their company’s 

primary products or product groups and provide the following information on each one: Standard 

Industrial Classification (SIC) code, unit weight, product value per pound, and whether the product 

uses up the cubic capacity (cubes-out) or weight capacity (weighs-out) of a 48-foot long, 10Zinch 

wide semi-trailer. The surveyed companies were then asked to select a representative short-distance 

(under 500 miles), medium-distance (500 to 1,000 miles), and long-distance (over 1,000 miles) traffic 

lane for each principal product and provide the following traffic flow data: origin city, destination city, 

lane distance, annual lane volume, primary mode or carrier, freight rate, typical size of equipment 
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used, and average payload weight. In selecting representative lanes and traffic flows, shippers were 

asked to consider only outbound movements from a plant to a distribution center; include only direct 

movements as opposed to movements involving stop-offs or special handling; include only movements 
- 

in dry van trailers, intermodal containers, or rail boxcars; exclude shipments involving specialized 

equipment such as bulk hoppers or tankers; and include only full-sized shipments. Finally, shippers 

-. were asked to specify their company’s average cost of processing an order or shipment and their 

company’s inventory carrying cost. The latter was reported as a percentage of inventory value. 

The survey dataset contained 297 traffic lane observations from 72 companies representing 16 

major groups in the SIC System. Trucks were the principal mode in over 80 percent of the cases. 

About one out of every six observations involved rail transport, either TOFC/COFC or boxcar. 

Product values ranged from less than $0.01 per pound to as high as $75.00 per pound. Inventory 

carrying costs varied between 2.0 and 140 percent of inventory value. The average was 18.1 percent. 

Fixed order costs per shipment averaged $44.53, although they ranged from $2.20 to $320.00. 

COST ANALYSIS METHODOLOGY 

The survey data were entered into a personal computer-based program called the Freight 

Transportation Analyzer (FTA). The FTA essentially implements a deterministic economic order 

quantity (EOQ) model adapted to incorporate transportation costs. Its input consists of data about the 

product, the transportation alternatives, related costs at the origin and destination, and the inventory 

management system at the destination. The output is a detailed breakdown of a shipper’s total annual 

logistics cost for each transportation alternative under consideration. In this study the detailed costs 

were summarized into freight cost, fixed order cost per shipment, and inventory carrying cost. 

The FTA was run on each lane observation for which complete information was provided by 

the shipper. The program compared the shipper’s current principal mode of transport with each of two 

types of longer combination vehicle. The first type, commonly referred to as a Rocky Mountain 

3 



double, consists of a tractor pulling a 48-foot trailer followed by a 28-foot trailer. The second type of 

LCV, known as a turnpike double, consists of a tractor pulling a pair of 48-foot trailers. 

Two sets of gross vehicle weight (GVW) limits were considered. Under the so-called low 

weight capacity scenario, a GVW limit of 80,000 pounds was used for both types of LCV. The 

80,000-pound limit corresponds to the standardized minimum weight limit established by the Surface 

Transportation Assistance Act of 1982. The second set of weight limits specified a maximum gross 

vehicle weight of 1 15,000 pounds for Rocky Mountain doubles and 13 1,000 pounds for turnpike 

doubles. These limits were set to take advantage of the additional cubic capacity provided by each 

type of LCV. Only the FTA results for the higher set of weight limits are presented in this paper. 

- 

An important FTA input is the freight charge per shipment for each alternative mode. 

Shippers provided this information for their current mode as part of the survey. The difficult question 

was what freight charge to assume for each type of LCV. To resolve this issue and to determine the 

sensitivity of changes in total logistics cost to changes in LCV freight charges, two LCV rate 

assumptions were considered for observations involving single trailer truckload shipments. The first 

assumption was that shippers would pay the same freight cost per mile for each type of LCV that they 

were currently paying for single trailer transport. This assumption is not unrealistic. In a recent 

survey of motor carriers who operate LCVs, 50 percent of the respondents stated that LCV operation 

had lowered their typical rates, and 46 percent said there was no significant difference.* The FTA was 

therefore run on the basis of this assumption. The second assumption was that LCV freight charges 

per mile would be higher, reflecting the higher costs per mile of LCV operations. This assumption 

was implemented by a derived set of factors which were applied to the annual freight costs calculated 

by the FTA under the first LCV rate assumption. Under the higher set of GVW limits, Rocky 

Mountain double freight costs were increased by a factor of 1.15, while turnpike double freight costs 

were increased by a factor of 1.30.3 
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The total annual freight cost was the only component of the shipper’s total logistics cost 

affected by the increased freight charge for LCVs. Annual order and inventory carrying costs 

remained the same because the number of shipments and shipment size did not change. Consequently, 
- 

it was not necessary to rerun the FTA for the second LCV rate assumption. Instead, the annual freight 

costs from the FTA runs were simply multiplied by the above adjustment factors. The revised annual 

: freight costs were then added to the order and inventory carrying costs from the FTA runs to yield 

total logistics costs under the second LCV rate assumption. 

A total of 228 FTA runs were made under the higher GVW limits scenario. The output for 

each run consisted of the annual freight cost, order cost, inventory carrying cost, and total logistics 

cost for the current mode, Rocky Mountain double, and turnpike double for a given lane observation. 

The remaining sections of this paper present the results of the 176 FTA runs in which the current 

mode was a single-trailer truck configuration. 

OVERALL EFFECTS 

Table 1 summarizes the effects of LCV usage on the total annual logistics costs of single 

trailer truckload shippers as determined by the FTA. The table indicates that, in a large majority of 

the cases, switching from single trailer transport to some type of LCV would lower a company’s total 

annual logistics cost for a given product in a given traffic lane. Under the assumption that LCV rates 

would be the same as single trailer truckload rates, switching to Rocky Mountain doubles produced an 

increase in total logistics cost in only one out of approximately every 12 cases, while switching to 

turnpike doubles produced an increase in only one out of approximately every 9 cases. The incidence 

of cost increases was only slightly higher under the assumption of higher LCV freight rates relative to 

single trailer truckload rates. 

The median and the average percent reduction in total annual logistics cost resulting from 

LCV usage as predicted by the FTA were quite large. For example, given LCV rates the same as 
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Table 1. Overall effect of LCVs on total annual logistics costs of single trailer truckload shippers. 

Percent Cost Reductiona % of Cases 
LCV Relative cost 

Rocky Mt. Same - 40.59 5 1.73 26.89 32.78 7.95 

Higher - 42.08 44.77 19.66 25.05 10.80 

Turnpike Same - 71.08 59.45 32.38 42.37 10.80 

Type LCV Rates Minimum Maximum Average Median I~~~~~~~ 

Double 

Double 
Higher - 73.45 48.1 1 20.59 29.54 14.77 

a Negative values indicate a cost increase. 

single trailer truckload rates, the FTA calculated that use of Rocky Mountain doubles would lead to 

cost savings of at least 33 percent in half of the cases and use of turnpike doubles would result in a 

cost reduction of 42 percent or more in half of the cases. The average reduction in total logistics cost 

for Rocky Mountain doubles operating under higher GVW limits was between 20 and 27 percent, 

depending on LCV rates, while for turnpike doubles the average cost reduction was between 21 and 33 

percent. 

The range in the effects of LCVs on total annual logistics cost was also quite large. As table 

1 indicates, the FTA calculated cost savings as high as 45 to 52 percent for Rocky Mountain doubles 

and 48 to 59 percent for turnpike doubles. At the other extreme, large cost increases were also 

possible. In one case the FTA predicted that switching to Rocky Mountain doubles would increase the 

shipper’s total logistics cost by 41 to 42 percent and switching to turnpike doubles would lead to a 

cost increase between 71 and 73 percent, depending on LCV rates. 

Higher LCV rates had a noticeable but not tremendously large dampening effect on the 

generally favorable economic consequences of LCVs. They tended to reduce the average percent cost 

reduction by 7 percentage points for Rocky Mountain doubles and 12 percentage points for turnpike 
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doubles. They also slightly increased the number of cases in which a shipper’s total annual logistics 

cost would increase as a result of switching to LCVs. 
- 

Table 2. Truck configuration resulting in the lowest total logistics cost. 

11 Relative LCV Rates I Truck Configuration I Percent of Cases. II 
Same 

I Turnpike double I 82.39 II 

Single trailer 7.95 

Rocky Mountain double 9.66 

Higher Single trailer 10.80 

Rocky Mountain double 17.61 

II TurnDike double 71.59 

Table 2 shows the percent distribution of cases by truck configuration resulting in the lowest 

total annual logistics cost. Turnpike doubles with their higher cubic and weight capacity generally 

afforded greater cost savings than Rocky Mountain doubles. Higher LCV rates, however, tended to 

increase the attractiveness of single trailers and Rocky Mountain doubles at the expense of turnpike 

doubles. 

ANALYSIS OF LCV EFFECTS 

Although the FTA results indicated that LCVs would reduce total annual logistics costs in 

most cases, they also showed considerable variation in the predicted effects. In an attempt to explain 

this wide variation, several simple univariate analyses and cross-tabulations were performed to 

determine what effect certain variables and combinations of variables had on the amount of change in 

total logistics cost resulting from LCV usage. 

Freight-to-Inventory Cost Ratio 

Switching from single trailers to LCVs entails trading off higher inventory carrying costs 

against lower shipping costs. The degree to which LCV usage raises or lowers a firm’s total logistics 
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cost could depend on the comparative magnitude of the firm’s freight and inventory carrying costs 

when using single trailers. If the inventory carrying costs of a commodity are quite small compared to 

the cost of shipping it in single trailer truckload quantities in a traffic lane, then switching to LCVs 
- 

will probably not increase the inventory carrying costs more than it decreases the freight costs. The 

net result would be a reduction in total logistics costs. On the other hand, if the inventory carrying 

costs are already about the same as or greater than the costs of shipping, then switching from single 

trailers to LCVs would likely increase total logistics costs. 

The FTA results agreed with these suppositions. Figure 1 is a plot of the ratio of annual 

freight costs to annual inventory carrying costs using single trailers versus the percent reduction in 

total annual logistics cost resulting from a switch to LCVs. The latter variable was based on the 

assumption of higher LCV freight charges. However, the pattern displayed in the figure was the same 

under the assumption that LCV rates would not differ from current single trailer truckload rates. 

The percent change in total logistics cost was highly sensitive to changes in the freight-to- 

inventory cost ratio for ratios below approximately 4.0. In the FTA results, LCVs always resulted in 

lower total logistics costs when annual freight costs for single trailer shipments were at least twice as 

large as annual inventory carrying costs. The ratio at which LCVs went from reducing total logistics 

costs to increasing them was generally between 1.5 and 1.7. In most cases where the ratio was less 

than 1.0, meaning that annual inventory carrying costs were already greater than annual freight costs 

for single trailer truckloads, use of LCVs resulted in greater total logistics costs. The farther the ratio 

dropped below 1.0 (that is, the more the inventory carrying costs outweighed the freight costs), the 

greater the negative impact of LCV usage on total logistics costs. 
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As figure 1 implies, the freight-to-inventory cost ratios in the shipper survey data were 

generally quite high. In half the cases, the ratio was 10.3 or higher. In more than 80 percent of the 

cases, annual freight costs were at least twice as large as annual inventory carrying costs. There were 

only 12 cases (6.8 percent of the total) in which annual inventory carrying costs exceeded annual 

freight costs using single trailers. 

- 

- Product Value 

Given that LCVs are likely to be inappropriate in situations where inventory carrying costs are 

nearly the same as or larger than transport costs, it would seem that anything which increases the cost 

of storing a product would tend to reduce the attractiveness of LCVs. Many factors determine a firm’s 

cost of holding inventory. They include interest rates, insurance, property taxes, capital, warehousing, 

depreciation, and obsolescence. Many of these factors, in turn, are affected by product value. For 

example, high-valued products often require special handling and storage in climate controlled 

warehouses. In general, therefore, one would expect that, as product value increases, resulting in 

relatively higher inventory carrying costs, the cost-effectiveness of LCVs should diminish. 

In the shipper survey data, however, the correlation between product value and the percent 

change in total logistics cost from LCVs was very weak. For Rocky Mountain doubles, the 

coefficients of correlation were -0.12 when LCV freight rates were the same as single trailer rates and 

-0.11 when LCV rates were higher. For turnpike doubles, the coefficients were -0.09 and -0.07, 

respectively. The negative signs on the coefficients were in agreement with the hypothesis that higher 

product values are associated with less favorable LCV effects on total logistics costs. The magnitudes 

of the coefficients, however, were small, indicating that the relationship is a fairly weak one. Product 

value by itself, therefore, did not explain much of the wide variation in the impact of LCVs on total 

logistics cost. 
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Product value was multiplied by the inventory carrying cost, expressed as a percentage of 

inventory value, to form a composite variable which was then correlated with percent change in total 
- 

logistics costs. The correlation coefficients were even smaller than for product value alone. 

Coefficients of -0.04 to -0.05 were obtained for Rocky Mountain doubles and -0.01 to -0.02 for 

turnpike doubles. 

: Annual Lane Volume 

As the demand for a product rises in a traffic lane and the volume shipped to meet the demand 

increases, freight costs tend to account for a larger proportion of the total logistics cost. Conversely, 

as lane volume decreases, inventory costs tend to increase as a percentage of total logistics cost.4 

Heavy annual lane volumes, therefore, should favor the use of LCVs. 

Table 3. Average percent reduction in total logistics cost from use of LCVs 
for different levels of annual lane volume. 

Relative Annual Lane Volume (cwt) 
LCV Type LCV Rates 

< 5,000 5,000 - 25,000 > 25,000 

Rocky Mountain Same 9.10 % 26.65 % 33.88 'Yo 
Double 

Higher 2.91 % 19.32 % 26.31 % 

Turnpike Same 6.53 % 32.48 'Yo 42.24 'Yo 
Double 

Higher - 3.39 % 20.58 % 29.79 % 

I 

Table 3 shows the average effects of LCVs on total logistics costs at three levels of annual 

lane volume. At annual volumes below 5,000 cwt the cost-effectiveness of LCVs dropped sharply. In 

fact, most of the cases in which LCVs increased total logistics costs involved annual lane volumes in 

this interval. Compared to the under 5,000 cwt annual lane volume interval, the average percent cost 

reduction in the 5,000-25,000 cwt range was about 16 to 18 percentage points higher for Rocky 

Mountain doubles and 24 to 26 percentage points higher for turnpike doubles. An additional increase 
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in average percent cost reduction of about 7 percentage points for Rocky Mountain doubles and 9 to 

10 percentage points for turnpike doubles was obtained in going from the 5,000-25,000 cwt annual 

volume range to the over 25,000 cwt category. The effect of LCV freight rates is also apparent in 
- 

table 3. Higher LCV freight rates relative to rates for single trailers tended to reduce the average cost- 

effectiveness of Rocky Mountain doubles by about 6 or 7 percentage points and that of turnpike 

: doubles by about 9 to 12 percentage points at all three levels of annual lane volume. 

Despite the logical overall relationship between annual lane volume and the cost-effectiveness 

of LCVs, the ability of annual fane volume to predict the actual amount of change in total logistics 

cost resulting from LCV usage was relatively weak. The correlation between annual lane volume and 

percent change in total logistics cost was 0.19 to 0.20 for Rocky Mountain doubles and 0.17 to 0.18 

for turnpike doubles. These coeflicients were somewhat better than the ones for product value, but 

they were still fairly low for predictive purposes. Thus, annual lane volume appeared to be a good 

indicator of the average effect of LCVs on total logistics cost but a poor indicator of exactly how 

much change would occur for any particular case. 

Lane Distance 

Generally, the farther a product is shipped, the lower the freight cost is per mile or per 

hundredweight. However, the total freight cost tends to contribute to a greater share of the total 

logistics cost as lane distance increases. Conversely, as shipping distances decrease, inventory carrying 

costs tend to account for a higher proportion of the total logistics cost.’ LCVs, therefore, should 

become more cost-effective as shipping distances increase. 

Table 4 shows the average percent reduction in total annual logistics cost from LCV usage for 

short, medium, and long lanes. LCVs yielded substantial cost savings in each lane distance category. 

However, at distances above 1,000 miles, LCVs always reduced total logistics costs. In the short and 

medium lanes, there was virtually no correlation between shipping distance and percent change in total 
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Table 4. Average percent reduction in total logistics cost from use of LCVs 
for different traffic lane distances. 

Relative Lane Distance (miles) 
LCV Type LCV Rates 

< 500 500 - 1,000 > 1,000 

Rocky Mountain Same 23.66 % 26.37 % 33.21 'Yo 

Higher 16.97 % 19.14 % 25.05 % 

Turnpike Same 27.25 % 31.59 'Yo 42.34 % 
Double 

Higher 16.24 % 19.85 % 29.15 Yo 

Double 
I 

logistics cost. Use of LCVs for short and medium distances produced very large cost savings in some 

cases and very large cost increases in others. 

Annual Lane Ton-Mileage 

Annual lane ton-mileage is a composite measure of annual lane volume and lane distance. In 

the shipper survey data, values ranged fiom 5,000 to 67,288,000 ton-miles with an average of 

4,207,000 and a median of 736,000. Based on the observed effects of annual lane volume and lane 

distance, higher values of annual lane ton-mileage should increase the likelihood of higher cost savings 

fiom LCVs. 

Table 5 shows the average percent reduction in total logistics cost as a result of using LCVs 

for three levels of annual lane ton-mileage. The average cost-effectiveness of LCVs increased 

markedly in going from one level to the next. The jump in the average cost reduction percentages 

was especially large between the low and middle ton-mileage categories. Most of the cases in which 

LCV use would result in an increase in total annual logistics costs occurred in the under 250,000 ton- 

mile range. Above 1,000,000 ton-miles, the FTA predicted that use of LCVs would lower total annual 

logistics costs in every case. 
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Table 5. Average percent reduction in total logistics cost from use of LCVs 
for different levels of annual lane ton-mileage. 

Relative Annual Lane Ton-Mileage 

II 
- 

LCV Type LCV Rates I 250K 250K - 1,000K > 1,000K 

Rocky Mountain Same 11.72 % 26.87 Yo 35.97 'Yo 
Double 

Higher 5.63 'Yo 19.55 % 28.11 % 

Turnpike Same 10.39 % 32.91 % 45.16 % 
Double 

Higher 0.55 % 21.00 Yo 32.27 'Yo 

The correlation between annual lane ton-mileage and LCV percent cost reduction was 0.15 for 

Rocky Mountain doubles and 0.17 for turnpike doubles. Once again the magnitudes of the coefficients 

were rather low, although they were somewhat better than the correlation coefficients found for 

product value. Thus, annual lane ton-mileage, like annual lane volume and lane distance, appeared to 

be a good indicator of the likelihood of cost savings from LCV usage, but a rather poor predictor of 

how much savings could be expected for any particular case. 

Product Value and Annual Lane Volume 

Neither product value nor annual lane volume was highly correlated with percent change in 

total logistics cost resulting from LCV usage, although the latter variable was a good indicator of the 

likelihood that LCVs would benefit a shipper. These two variables were stratified and cross-tabulated 

to analyze their combined effect. Three categories of product value were defined: 

Low - less than $1 .OO per pound. 

Medium - $1.00 to $2.99 per pound. 

High - $3.00 per pound or more. 

Approximately one-third of the 176 cases fell in each of these categories. Annual lane volume was 

also partitioned into three categories, defined as follows: 
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8 Low - less than 15,000 cwt. 

Medium - 15,000 to 49,999 cwt. 
- 

8 High - 50,000 cwt or more. 

Approximately one-third of the 176 cases also fell in each of these categories. The cross-tabulation of 

product value and annual lane volume therefore yielded nine combinations or cells of these two 

: variables with each cell having roughly the same number of observations. The results are summarized 

in table 6 for Rocky Mountain doubles and table 7 for turnpike doubles. 

The effect of product value was noticeable mainly for annual lane volumes under 15,000 cwt. 

At these low volumes, the average and median percent cost reduction from LCVs dropped 

considerably as product value increased. In addition, the percentage of cases in which LCV use would 

result in an increase in total logistics cost rose significantly with each successively higher level of 

product value when the annual lane volume was low. On the other hand, even when the annual lane 

volume was low, the average percent cost reduction was above the overall average when the product 

value was low, as a comparison with table 1 shows. Consequently, the likelihood that LCVs would 

actually increase a shipper’s total annual Iogistics cost appeared to be a consequence of the combined 

effect of low lane volumes coupled with medium or high product values. 

For annual lane volumes in the medium and high range, the effect of product value was not 

nearly as detectable. At these volume levels, the average and median cost reduction percentages were 

generally quite large regardless of the level of product value. On the other hand, the average percent 

cost reduction for medium and high annual lane volumes was always lowest for product values in the 

highest category. Thus, high product value did appear to reduce the cost-effectiveness of LCVs at 

medium and high annual lane volumes, but generally not to the point where LCVs became counter- 

productive. 
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Table 6 .  Combined effect of annual lane volume and product value on total logistics cost 
for Rocky Mountain doubles. 

Annual 
Relative 

High r 

Product No. of 

Medium 18 

High 25 

Low 17 

Medium 23 

High 15 

Low 19 

Medium 19 

High 21 

Low 19 

Medium 18 

High 25 

Low 17 

Medium 23 

High 15 

Low 19 

Medium 19 

Hiah 21 

Product Value and Annual Lane Ton-Mileage 

Percent Cost Reduction % of 
Cases 

Average Median 
Increase 

27.81 % 34.07 % 5.26 % 

18.53 % 23.89 % 16.67 % 

8.10 'Yo 9.33 'Yo 32.00 'Yo 

33.11 'Yo 34.20 'Yo 0.00 'Yo 

30.72 % 3 1.79 'Yo 0.00 % 

23.16 % 23.25 % 6.67 % 

37.69 % 40.01 % 5.26 % 

38.79 % 38.81 % 0.00 'Yo 

28.51 % 32.46 % 0.00 % 

20.37 % 25.11 'Yo 5.26 'Yo 

11.86 % 16.64 % 27.78 'Yo 

2.05 'Yo 3.50 Yo 44.00 'Yo 

0.00 % 

, 22.77 % 23.20 % 0.00 % 

24.96 % 25.68 % 

16.61 'Yo 15.86 % 6.67 'Yo 

30.00 % 33229 'YO 5.26 % 

31.93 'Yo 0.00 'Yo 31.14 % 

24.99 % 0.00 'Yo 21.39 % 

The same categories of product value defined above were also cross-tabulated with annual lane 

ton-mileage. The following three levels of annual lane ton-mileage were used: 

0 Low - 350,000 ton-miles or less. 

Medium - 350,001 to 1,000,000 ton-miles. 0 
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Table 7. Combined effect of annual lane volume and product value on total logistics cost 
for turnpike doubles. 

Percent Cost Reduction % of 
Annual 

Relative Product 
Value 

Same Low Low 

Medium 

High 

Medium Low 

Medium 

High 

High Low 

Cases 
cost 

Increase 

5.26 Yo 

No. of Average I Cases 

34.09 Yo 

19.27 % 

25 4.75 Yo 

Median 

43.10 % 

28.51 % 

7.34 % 

27.78 Yo 

44.00 Yo 
I 

44.75 Yo 

41.93 % 

29.26 % 

0.00 % 

0.00 % 

6.67 % 

17 42.99 % 

23 38.82 % 

15 28.90 % 

49.33 % 

47.34 Yo 

41.57 % 

5.26 % 

0.00 % 

0.00 Yo 

19 45.72 % 

19 47.27 Yo 

21 36.31 Yo 

Medium 

High 

30.19 % 

16.97 % 

- 1.92 YO 

10.53 % 

33.33 % 

60.00 % 

Higher Low LOW 

Medium 

High 

19 21.94 % 

18 8.50 % 

25 - 4.93 % 

31.45 % 

27.97 % 

17.50 % 

0.00 % 

4.35 % 

6.67 % 

Medium Low 

Medium 

High 

17 29.78 Yo 

23 25.91 % 

15 18.36 % 

35.95 Yo 

34.17 Yo 

29.59 % 

5.26 % 

0.00 % 

0.00 Yo 

19 32.85 % 

19 34.56 Yo 

21 24.67 % 

High 

Medium 

High - over 1,000,000 ton-miles. 

Tables 8 and 9 summarize the results for Rocky Mountain and turnpike doubles, respectively. 

The results were similar to those obtained in the analysis of product value and annual lane 

volume. When the annual lane ton-mileage was low, the cost-effectiveness of LCVs was reduced 

considerably as product value increased. The combination of low ton-mileage and either medium- or 
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high-valued products accounted for the majority of cases in which LCV usage would have increased 

rather than decreased the shipper's total annual logistics cost. When annual lane ton-mileage was low 

but product value was also low, the average cost reduction percentages were near the overall averages 

shown in table 1. At medium and high levels of annual lane ton-mileage, high product values had a 

noticeable dampening effect on the cost-effectiveness of LCVs. However, the effect was not strong 

18 

Table 8. Combined effect of annual lane ton-mileage and product value on total logistics cost 
for Rocky Mountain doubles. 

Percent Cost Reduction % of 
Annual Cases 

Relative Lane Ton- Product No. of Average Median cost 
LCV Rates Mileage Value Cases Increase 

Same Low Low 17 26.07 % 30.28 % 5.88 % 

Medium 16 15.00 'Yo 20.38 % 18.75 'Yo 

High 24 4.40 % 5.95 'Yo 37.50 Yo 

Medium Low 15 31.20 % 34.63 % 6.67 % 

Medium 16 29.07 % 30.19 % 0.00 Yo 

High 11 21.93 'Yo 16.26 'Yo 0.00 % 

High Low 23 38.96 % 37.26 % 0.00 'Yo 

Medium 28 38.28 % 37.67 % 0.00 Yo 

30.84 % 32.71 Yo 0.00 'Yo 

Higher Low Low 17 18.78 % 22.49 % 5.88 % 

Medium 16 8.34 % 12.21 Yo 31.25 % 

High 24 - 1.05 'YO 0.37 % 50.00 % 

25.79 'Yo 6.67 'Yo 

Medium 16 21.57 % 21.88 Yo 0.00 % 

High 11 15.20 % 10.86 % 0.00 % 

High Low 23 30.73 % 29.46 % 0.00 % 

High 26 23.37 % 25.29 'Yo 0.00 % 

High 26 

Medium Low 15 23.68 % 

30.35 Yo 0.00 Yo Medium 28 30.36 % 



enough to make LCVs counter-productive. In fact, the cost reduction percentages were still quite large 

and in some cases were still well above the overall average. 

Table 9. Combined effect of annual lane ton-mileage and product value on total logistics cost 
for turnpike doubles. 

Relative Annual 
Lane Ton- 

Rates 

Same Low I 

Medium 

High 

Percent Cost Reduction % of 
Cases 

Product No. of Average Median cost 
Value Cases Increase 

Low 17 32.15 % 44.61 % 5.88 % 

Medium 16 15.30 % 25.29 % 31.25 % 

High 1 24 I - 0.57 % I 0.64 % 1 50.00 % 

Low 15 38.84 % 43.10 % 

Medium 16 35.51 % 37.55 % 

High 11 26.70 % 18.21 % 

Low 23 48.61 % 48.88 % 

Medium 28 47.31 'Yo 47.36 % 

High 26 39.80 % 42.25 % 

Low 17 20.22 Yo 28.94 % 

Medium 16 4.51 % 11.74 % 

High 24 - 9.28 % - 8.18 % 

6.67 'Yo 

0.00 % 

0.00 Yo 

0.00 % 

0.00 Yo 

0.00 % 

11.76 % 

37.50 % 

66.67 % 

Low 15 26.57 'Yo 30.19 'Yo 

Medium 16 23.38 'Yo 25.45 'Yo 

High 11 15.72 % 9.21 % 

6.67 Yo 

6.25 'Yo 

0.00 % 

35.01 % 0.00 Yo 

34.1 1 'Yo 0.00 % 

29.78 % 0.00 Yo 

Low 23 35.01 'Yo 

Medium 28 34.26 % 

High 26 27.70 % 
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INTRAMODAL DIVERSION 

In each case, the FTA identified the truck configuration resulting in the lowest total annual 
- 

logistics cost to the shipper. In most cases the lowest cost configuration was some type of LCV. 

Whether shippers in these cases would actually switch from single trailers to LCVs could not be 

determined directly from either the survey data or the FTA output. Mode choice depends on many 

: complex factors. Total logistics cost is presumably one of the more important of these factors, 

although it may not always be the primary one. Nevertheless, under the assumption that shippers 

would select a truck configuration strictly on the basis of total logistics cost, intramodal diversion rates 

were derived from the FTA results. Because most shippers would probably not switch to an LCV 

configuration unless the resultant cost savings exceeded a certain percentage of the company’s current 

total logistics cost, diversion rates were developed for different assumed cost savings thresholds. 

The derived diversion rates are shown in table 10. They are expressed in terms of the percent 

of annual ton-mileage in a traffic lane assumed to divert from single trailers to some type of LCV. As 

the table indicates, the diversion rates varied by the level of annual ton-mileage in the trafiic lane, the 

minimum percent reduction in total logistics cost needed for diversion to occur, and LCV freight rates 

relative to current single trailer truckload rates. It was assumed that no diversion would occur for 

annual flows under 50,000 ton-miles. Flows in that range were considered to be too small to justify 

use of LCVs even though the FTA results indicated that, in a few such cases, LCVs would reduce the 

total logistics cost. A company which ships 48,000-pound payloads in a 200-mile traffic lane 10 times 

a year has an annual freight flow of 48,000 ton-miles in the lane. That is a rate of about one 

truckload shipment every five weeks. The assumption was made that a company would not 

consolidate such a small number of annual shipments by switching to LCVs. 
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Table 10. Percent of annual lane ton-mileage assumed to divert to LCVs under different 
cost savings thresholds and relative LCV fieight rates. 

- 
Annual Lane 
Ton-Mileage 

Minimum % Cost Reduction Threshold 

> O  5 10 15 20 25 

LCV freight rates same as single trailer rates 

< 50,000 0 %  0 %  0 %  0 Yo 0 Yo 0 %  

50,000 - 249,999 80 % 71 Yo 65 % 59 % 59 % 51 Yo 

250,000 - 999,999 96 % 96 % 93 % 83 % 73 % 67 % 

1,000,000 + 100% 100% 100 % 98 % 95 % 95 % 

LCV freight rates higher than single trailer rates 

< 50,000 0 %  0 %  0 %  0 Yo 0 %  0 %  

50,000 - 249,999 71 % 61 Yo 59 % 54 % 46 % 43 % 

250,000 - 999,999 96 % 93 Yo 76 % 67 Yo 59 % 52 Yo 

1,000,000 + 100% 100% 95 % 95 % 85 Yo 83 Yo 

CONCLUSIONS 

A major finding of the research was that, given sufficient flows of a company’s product in a 

traffic lane, LCVs would generally have a positive impact on the total annual logistics cost of firms 

that currently ship in single trailer truckload quantities. The actual amount that might be saved was 

difficult to predict for specific cases, but on the average, a reduction in total logistics cost between 20 

percent and 32 percent could be expected, depending on the type of LCV used and the rates charged, 

if gross vehicle weight limits were raised to take advantage of the greater cubic and weight capacity 

afforded by LCVs. The greater the flow and the longer the traffic lane, the greater was the likelihood 

that LCVs would benefit the truckload shipper. In general, use of LCVs at annual lane volumes below 

5,000 cwt appeared likely to increase a firm’s total logistics cost, while at annual lane volumes over 

25,000 cwt, LCVs appeared likely to yield cost savings averaging between 26 percent and 42 percent. 
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The influence of product value on the cost-effectiveness of LCVs was surprisingly small. The 

correlation between product value and the percent change in total logistics cost caused by use of LCVs 

was exceedingly low. The effect of product value was most apparent when the flow of a company’s 
- 

product in a traffic lane was below 15,000 cwt or 350,000 ton-miles. In such cases, higher product 

values significantly increased the likelihood that LCVs would greatly elevate the company’s total 

: logistics cost. The main effect of product value at moderate and large annual traffic flows was to 

slightly reduce the average percent reduction in total logistics cost resulting from the use of LCVs. 

Predicting whether or not the use of LCVs in a traffic lane will lower a company’s total 

logistics cost appears to be considerably easier than predicting the actual magnitude of the impact. 

Annual lane volume, lane distance, and annual lane ton-mileage were found to be good indicators of 

whether or not LCVs would be beneficial. However, none of these variables was highly correlated 

with differences in total logistics cost between LCVs and single trailers. An even better indicator was 

the ratio of annual freight costs to annual inventory carrying costs in a traffic lane using single trailers. 

If the freight costs are two or more times greater than the inventory carrying costs, switching from 

single trailers to LCVs will in all likelihood greatly reduce the total logistics cost. On the other hand, 

if the inventory carrying costs are nearly the same as or greater than the freight costs, then the chances 

are good that switching fiom single trailers to LCVs will increase the shipper’s total logistics cost. 

Given the finding that LCVs are likely to reduce truckload shippers’ total logistics costs in 

most cases where traffic lane volumes are moderate to heavy, the more difficult question still to be 

answered is what effect will this have on the demand for LCV freight services. Will shippers switch 

from single trailers to LCVs in order to reduce their logistics costs? If so, how much of a cost savings 

is required before a firm will make the necessary adjustments in its production scheduling and 

inventory management system to accommodate the larger shipment quantities entailed by the use of 

LCVs? To what extent is the demand for LCVs influenced by the potential savings in total logistics 
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costs? These are important questions which could not be answered directly by this research. 

However, in deriving hypothetical diversion rates based on the results of the FTA, it was found that 

these rates were greatly affected by the assumed level of cost savings necessary to induce diversion. 
- 

Regarding the question about the relative importance of logistics cost reduction to the demand 

for LCVs, a few observations can be made. First of all, it became clear while screening companies for 

eligibility to participate in the shipper survey that some firms do not consider logistics costs in general 

or inventory carrying costs in particular when making mode-choice decisions. In some cases, 

particularly for small and even some medium-sized firms, it is because the company did not have a 

logistics management system sophisticated enough to determine what its inventory and other logistics 

costs were. In other cases, the companies’ product costs and interest rates were so low that the 

companies no longer considered inventory carrying costs in making daily transportation decisions. 

Secondly, there are other ways for a company to reduce its total logistics costs than by switching from 

single trailers to LCVs. A primary example of this is the current trend toward using the Just-in-Time 

concept which trades off inventory and transportation costs by maintaining small inventories, shipping 

in smaller quantities, and using faster modes of transportation. Therefore, even though this research 

has shown that LCVs are likely to have a positive effect on shippers’ total logistics costs, the trend 

toward smaller shipment sizes and more rapid on-time deliveries would seem to reduce the demand for 

LCVs from the standpoint of many shippers. 
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