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1. Introduction and Background 

The work reported here was performed by The University of Michigan Transportation 
Research Institute (UMTRI) for Saskatchewan Highways and Transportation, in 

cooperation with the Federal Highway Administration (FHWA) of the US Department of 

Transportation. The work was an extension of a study entitled "Techniques for Improving 

the Dynamic Ability of Multi-Trailer Combination Vehicles," sponsored by the FHWA 
under Contract No. DTFH61-84-C-00026. 

The original study, pertaining to the dynamic performance of multi-trailer articulated 

vehicles, led to the development of guidelines for the design of innovative dollies that will 

improve the roll stability and trailing fidelity of doubles combinations [I]. The major effort 

of that research investigation involved identification, analysis, and further development of 
innovative dolly and trailer hitching hardware showing potential for the reduction of 
rearward amplification and prevention of rollover of the second trailer. Specifically, the 
project (1) reviewed the current state-of-the-art in innovative coupling mechanisms, (2) 
performed a parametric sensitivity study, based on computer simulation techniques, of 

combination vehicles using existing and proposed coupling mechanisms, (3) developed a 
new type of dolly believed to provide superior safety perfcnmance, (4) conducted full-scale 
tests of combination vehicles  sing various dollies, including a prototype of the new dolly, 
and (5) examined the potentii safety and economic impacts of the use of innovative dolly 
hardware. 

During this study, two prototype dollies were placed in service with TRIMAC 
Transportation Services of Regina, Saskatchewan, Canada. The first of these dollies is the 

"Controlled-Steering B-dolly" or "CSB-dolly." The CSB-dolly is a new concept, 

developed during the come of the FHUI'A study. The second dolly type is the "Linked- 
Articulation Dolly" or "LA-dolly." This dolly was one of the more promising of the 

existing dollies identified in the study. These dollies were, and are, being used as elements 
of two dry bulk doubles combination vehicles operated by TRMAC in Regina. 

The purpose of this report is to provide an assessment of the performance of these 

dollies throughout the field smite trial program and to asses the economic potential of 
these types of dollies. 



In order to provide backgound for the sections that follow (and for those unfamiliar 

with the prototype dollies), Figures 1, 2 and 3 show the features of the CSR-dolly, and 

Figures 4 and 5 show features of the LA-dolly. 

The CSB-dolly has dual drawbars as shown in Figure 1. Note the additional ball 
connection that can be seen extending above the fifth wheel plate in Figure 1. This ball 
connects to the semitrailer that is connected to the fifth wheel of the dolly (see numbers 74 

and 112 in Figure 2). As shown in Figure 3, the motion of the ball (part number 74) steers 

the dolly wheels. Thus the dolly wheels are steered in a controlled manner and in direct 

ratio to the articulation angle between the two trailers. 

Figure 4 is a photograph of an LA-dolly installed on the test trailers of the FKWA 
study. As shown in this figure, the LA-dolly is actually a standard A-dolly with the 

addition of a "steering stabilizer arm" attached directly between the two trailers. Figure 5 
illustrates the dolly in action. The effect of the additional telescoping arm is to "link" the 

two articulation angles (lead trailer-to-dolly and dolly-to-pup trailer) so that a specific 

relationship exists between the two. In effect, the dolly is caused to take on a specific 
"steer" angle as a direct result of the angle between the two trailers. Although the hardware 
is very different, the result is very similar in concept to the controlled steering of the CSB- 
dolly. 

For both the CSB-dolly and the LA-dolly, the specific "steering ratio" can be selected 
to provide both good tracking performance at low-speed and good directional stability at 

highway speed, as was demonstrated in analyses and proving ground tests in the FKWA 

study[l]. 

The dynamic pe r fomce  capabilities of these two dollies were examined in great detail 

in the FHWA study. Through extensive vehicle simulations, and full scale proving 
grounds testing, it was confirmed that both of these dolly types were very effective at 
reducing rearward amplification, while not de@ng low-speed offtracking or introducing 
other dynamic performance problems. 

An important difference &tween the CSB-dolly and the LA-dolly of Figure 4 regards 
roll coupling of the two trailers. The double-drawbar configuration of the CSB-dolly 
serves to tie the two trailers together in roll. This coupling has a powerful stabilizing 
influence in dynamic maneuvers. The LA-dolly of Figure 4 lacks this important 
performance benefit. However, further development of the concept, accomplished by 







Figure 3. Schematic diagram of the CSBdolly steering linkage 



Figure 4. The linked-articulation dolly 



Figure 5. Schematic Diagram of the Linked-Articulation Dolly 



ADVANCE Engineered Prod~cts Ltd. of Regina Saskatchewan, has resulted in a newer 

version of the LA-dolly which includes signikant roll coupling of the two trailers through 

the steering stabilizer arm. 

Section 2 of this report describes the service environment to which the two prototype 

dollies were exposed. The subsequent sections present (Section 3) information gathered 

from the trip reports for the CSB-dolly, (Section 4) quarterly reviews of the CSB-dolly 

operation, and (Section 5) an economic analysis of the CSB- and LA-dollies, based on field 

experience and cost data provlded by TRIMAC and ADVANCE Engineered Products Ltd. 

(Section 3 deals only with the prototype CSB-dolly, since trip reports were not available 

for the prototype LA-dolly.) The final section of this report contains an assessment 

providing a summary of the performance and economic findings. In essence, the results of 

the field trial indicate that the prototype dollies performed as well as, or better than, 

expected with regard to stability, offtracking, backing, and maintenance requirements. 

Their improved safety performance has allowed regulatory initiatives to increase load 

allowances, thus improving the productivity and potential profitability of trucking in 

Saskatchewan 



2. Service Environment of the CSB-Dolly 

The .in-service test of the two prototype dollies was run through TRIMAC 
Transportation Services of Regina, Saskatchewan, Canada.* The TRMAC Regina fleet is 
an attractive environment for testing the prototype dollies since this service environment is 

generally more severe than that in which most U.S. fleets operate. The results of this more 
rigorous testing illustrate the true capabilities of the equipment. 

TRIMAC Regina is a bulk hauling operation, dealing mainly in the transport of cement 

and petroleum products. The area in which they operate exposes them to extremes in 
weather conditions. Ice, snow, rain, and high winds are all common obstacles that driver 

and truck must face. Many of the destinations of TRIMAC services are off the main road 
systems, requiring them to travel for many miles on unfinished gravel and dirt roads to pick 
up and deliver their payload. The bulk hauling operations in the western provinces of 
Canada operate, to a large extent, under a permit system that allows them a gross 

combination weight (GCW) of approximately 62,500 kg (138,000 lbs) when double 

drawbar dollies are used. TRIMAC takes advantage of this permit oppurtunity, creating a 

testing environment where the prototype dollies were subjected to GCWs pushing 62,500 

kg (138,00b lbs), unfinished roads, and extreme weather conditions. 

TRIMAC has chosen to purchase and operate a number of commercially available B- 
dollies (double drawbar dollies using a number of different styles of "self-steering" axles). 

The decision to operate B-dollies is largely due to the higher GVW allowed with their use 

by the pennit system. The additional weight of a B-dolly over an A-dolly is of little 

concern because of the higher GCW allowed. TRIMAC is able to increase the GCW from 

approximately 53,500 kg (118,000 lbs) to 62,500 kg (138,000 lbs). The increased 
stability and safety of vehicles equipped with B-dollies is an important factor in deciding to 
purchase them. Indeed, improved stability is a major element in the rationale of the 
regulating authorities which has lead to the increased weight allowances for vehicles 
equipped with B-dollies. 

* TRIMAC Transportation Inc. is a nationwide Canadian fm involved in many forms of trucking 
operations. TRIMAC of Regina is a branch of TRIMAC whose business is composed largely of liquid 
and dry bulk hauling under contract to various Saskatchewan commercial concerns. These include a dry 
cement facility, located immediately adjacent to the TRMAC garages, mining concezns operating 
uranium mines in northern Saskatchewan, petroleum refining and distributing concerns in Regina, and 
other industrial and municipal transportation users. 



TFUMAC has been operating B-dollies since 1982, with an average of about 200,000 
km (125,000 miles) per year pcr dolly. As of 1986, TRIMAC Canada operated over 50 
self-steering B-dollies in double-vehicle combinations nationwide. TRIMAC drivers 

operating units with B-dollies express satisfaction with the performance of the vehicles, 
citing that the units are more stable, and that there is a better feel for what the rear of the 

unit is doing. They have been impressed with the B-dollies' performance in ice and 
freezing rain, conditions that force most doubles and mples off the road. Much of 

TRIMAC's operation of double combinations is with vehicles which are not uncoupled for 

loading and unloading of payload, and which traditionally (i.e., when using A-dollies) 

require drive-through loading areas (e.g., the bulk hauling fleet of TRIMAC Regina). 

Self-steering B-dollies are usually equipped with a steering lock which makes it possible to 
back the doubles vehicle. Given the "married vehicle" nature of the TRIMAC fleet, and the 

existence of drive-through loading yards geared to A-trains, the ability to back has not had 
a major influence in TRIMAC' s operation, but is seen as a potential benefit. In general, B- 
dolly-equipped vehicles draw high marks from the drivers for their performance on the 

road (Appendix A includes a questionnaire completed by TRIMAC detailing the operating 
environment) 

The self-steering B-dollies operated by TRIMAC have experienced failures and wear 
that have not been observed with combinations using conventional A-dollies. The trailers 

connected to B-dollies experience greater wear on the kingpin. Tire wear rate on B-dollies 
is generally high. Some B-dollies have experienced problems with bent and broken axles 
and with frame failures. 

This, then, is the general background of the service environment into which the 

prototype dollies were introduced. 



3. Summary of Information from Trip Reports 

Field Trials for the CSB-Dolly 

The CSB-dolly was brought into service in March, 1986, and has been undergoing 
field trials for approximately twenty months. It was operated under the supervision of the 
Saskatchewan Department of Highways and Transportation and was monitored by 

personnel from UMTRI. As mentioned earlier, heavy vehicle loads, unpaved road 

surfaces, and extreme weather conditions presented a fairly rigorous testing environment. 

As part of the testing agreement, the truck fleet operating the CSB-dolly was required to 

maintain trip and maintenance records. 

The actual vehicle which the CSB-dolly was used with was an eight-axle bulk tanker 
double composed of a three-axle tractor, two-axle lead semitrailer, the single-axle CSB- 
dolly and a two-axle pup semitrailer. Axle weight constraints for the test were set by the 
Province of Saskatchewan, Department of Highways and Transportation. Initially, since 

the hardware was new, the GCVW was limited to 53,500 kg (1 18,000 lbs). Later, this 
was lifted to 60,000 kg (132,000 lb) and finally to 62,500 kg (138,000 lbs). Axle loads 
were limited to 5,000 kg (1 1,000 Ibs) on the steering axle, 16,000 kg (35,000 lbs) on each 

of the three tandem pairs, md 9,100 kg (20,000 lbs) on the single, CSB-dolly axle. 
(These were the individual ax12 constraints, regardless of the GCVW limit.) 

The vehicle was used in hauling bulk cement, flyash, potash, and road salt in southern 

Saskatchewan, and to haul lime and other bulk material to and from remote mining sites in 

northern Saskatchewan. In the south, typical hauls were from Regina to Saskatoon (515 
krn round trip) and Regina to Estevan (400 km round trip). Several trips were made to the 

northern uranium mines at Key Lake (2000 km round trip). Three hundred and eighty km 
of this route is on gravel roads which, in some weather conditions, can be considered a 
severe environment. The dolly continues to be used in this service at this time. 

Trip and Maintenance Reports 

In addition to periodic shop checks, the CSB-dolly was inspected prior to every road 

trip. The driver of the vehicle inspected the dolly for signs of wear and fatigue in smctural 
components and in the steering system. A pretrip inspection check list (see Figure 6) was 
used to identify critical areas of the dolly's structure and steering linkage. In the event of a 
problem, the dolly was to be removed from service until the necessary repairs were 
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In addition t o  the standard pre-trip inspection, tk following checks hlst be 
carrfed out for  t k  C S  - Dolly Convertor. I I 1. Steering System: 

Normal Year 
a Sloering Ball Hitch ( 4  ( 1 
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0 Ripm Whnc Stwrtng Arm ( 3 ( ) 

2. Structural Carponnts: 
Normal Amnnal Wear 

Main f r m  r a i l s  
Cross mmbers . 
Pintle hitches 
K i q  Pins (Shop check only)  

Tire Wear (Shop chcck o n l y  1 

If  any steering or structural caponints  show siws of wear and/or f a t i w  
whim may affect  the perfozapnce of thc vehicle, it is t o  k taken out of 
service inncaiately. T h e  operator is to advise Trfnoc persomel ana pcrsomcl 
of the Transportation Systems Branch, Department of Hi$ways and 
Transportation of such action. Nate dcfects here: 

REPAIRS 
1 

Please m t e  a repairs rewired: I€ ? / P I X  p-4 P 7/27 t- 
R I ~ K T  o c , ~  S I B F  

J 

FOR SHOP USE ONLY 
I 1 I unit 4. Gate Inspected /Ib 5-(. I 

Mechanic' s Signatun I 
Figure 6. A sample pn-trip checklist 
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performed. The pre-mp check list was also used in the shop to record maintenance and 

repairs conducted on the dolly. 

In addition to the pre-mp inspection, the driver was required to complete a mp report 
which recorded, among other things, gross vehicle weight, distance traveled, weather and 
road conditions, and vehicle performance. A sample trip report is shown in Figure 7. The 

trip reports provide some insight into the extreme operating conditions of the testing 

environment. 

Summary of Data Gathered During the Testing Period 

Over the twenty-month trial period, the CSB-dolly operated on approximately 174 trips 

and accumulated a total of 99,000 krns. The dolly averaged approximately 570 kms per 

trip and was subjected to a wide range of weather and road conditions. 

Given the testing environment, the dolly performed very well, experiencing only three 
"shop recalls." The first occuned very early in the trial, and was found to be a "false 

a l ~ "  concerning the development of lash in the steering linkage. The second recall 
involved wear of the steering ball (item 74 in Figures 2 and 3). Flat spots developed on the 

sides of the ball where it rides against the walls of the pocket in the upper £ifth wheel. The 

ball was not replaced, and it was subsequently found that the wear rate virtually stopped 

once an appreciable contact area developed. There has been no need to replace the ball. 
These were the only items directly involving the steering mechanism which required 
attention in the first 99,000 kms. The third item involved the loosening of the u-bolts 

which attached the axle to the springs. In July of 1986, the original 314 inch U-bolts were 

replaced with 7/8 inch U-bolts and the problem did not reappear. 

In early November 1987, the steering system of the CSB-dolly prototype was 
disassembled and examined for wear and fatigue. The bushings of the upper steering arm 
hinge were found to have some wear, resulting in a moderate amount of steering lash. 
Elements of this joint (the hinge pin and the upper end of the vertical steering shaft) were 
magnifluxed and found to have no evidence of any fatigue damage. Some redesign of this 
hinge joint may be appropriate if additional CSB-dollies are constructed. However, the 
wear observed in the prototype was not seen as a major problem. 

A summary of the testing mileage is presented in Figure 8 and in Table 1. In the figure, 

distance accumulated by the dolly is displayed as a function of time. Significant comments 
made by the driver and shop personnel have also been recorded on the chart. 
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2. Wind: Sped k.' -2 L., Direction - Head i 1 Cross (4 Tail ( 3. 
- 

ROAD CONDITIONS 
I I 1. Cry (3 ict  (11 Ice ( Y Tf icy, Oscribe operation of renick: I 

REPAIRS 
I 

Please race any repairs required during the trip: 
7 - 0 5  F /&' p/+c-- 

VEHICLE OPERATlON 
r 1 

Please describe the general performance of the  vehicle during the trip. 
Include any unusual vehicle performance or traffic situatia-6 that occurreo: I 

A .  
,' d',, 4 w Y . 7  c. C, 

Driver's Signature / 

Cnc of th follouirrg i s  to Ije notified i n  the event of any serious protilems: 

Bernie Churko I4orn1 Burns Peter Hurst Road Systems Unit 
787-5533 Bus. 767-5535 Bus. 787-5556 Bus. Highways & Transportation 
545-5628 Res. 586-9802 Res. 545-7750 Res. 7th Floor, 1855 Victoria Ave. 

Regina, Saskatchewan 
I 

I - 
Figure 7. A sample trip report 



Trip Mileage Summary 

Figm 8. A chronological account of the testing period 



Table 1. Prototype CSB-Dolly Trip Summary 

Kilometers 
51 5  
41 0  
499 
51 5  
51 5  
51 5  
51 5  
51 5  
41 0  
805 
51 5  
51 5  
51 5  
51 5 
51 5  
515 
41 0  
51 5  
51 5  
51 5  
51 5  
51 5  
51 5  
51 5  

1,159 
51 5  
410 
51 5  
925 
41 0  
774 
41 0 
805 
51 5  
51 5  
547 
925 
41 0  
51  5  
402 
51 5  
51 5  
41 0  
51  5  
61 2  
51 5  
772 
72 4  

Destination 
Saskamn 

Regina/B.Dam/Regina 
S.Current 

B.Plaine/B.Dam 
B.Plaine/B.Dam 

Saskabon 
B.Plaine/B.Dam 

SaskWoon 
B.Dam 

ReginaBattleford 
Saskmm 
smkatom 
SaskEdoon 
Ssskatoon 
Ssskateon . 

B.Dm 
B.Dam 

Saskatoon 
Saskatoon 
Saskabm 
saskamn 
Saskatoon 
saskamn 

B.Dam 
B.Dam/Battleford . 

saskmm 
B.Dam 

Saskaboon 
B.Dam/Saskatoon 

BDam 
WadeWB.Dam 

B.Dam 
Battleford 
Saskstoon 
smkabon 

B.DamNoose Jaw 
B.D-n 

B.Dam 
Sadratoon 
Estevan 

Ssskatoon 
Saskatoon 

B.Darn 
&Sk&On 

Porcupine Plain 
SaskaicK#, 

Wadena/B.Dam 
Tisdale 

Date 
24-Mar-86 
25-Mar-86 
26-Mare86 
31-Mar-86 
1  -Apr -86 
2-Apr -86 
3-Apr -86 
4-Apr -86 
5-Apr -86 
7-Apr -86 
8-Apr -86 
9-Apr-86 
10-Apr -86 
11 -Apr -86 
14-Apr -86 
16-Apr-86 
19-Apr -86 
18-Apr-86 
21 -Apr -86 
22-Apr-86 
23-Apr-86 
25-Apr-86 
28-Apr-86 
29-APP-86 
30-Apr -86 
2-May-86 
3-May-86 
5-May-86 
6-May-86 
7-May-86 
11-Jun.86 
13-Jun-86 
16-Jun-86 
17-Jun-86 
18-Jun-86 
19-Jun-86 
20-Jun-86 
21 -Jun-86 
24-Jun-86 
25-Jun-86 
26-Jun-86 
28-Jun-86 
30-Jun-86 
2-Ju t -86 
3 - J u l - 8 6  
5 -Ju l -86  
9-Ju l -86  
10-Ju l -86  

Cumulative Km 
515 
925 

1,424 
1,939 
2,454 
2,969 
3,484 
3,999 
4,410 
5,214 
5,729 
6,244 
6,759 
7,274 
7,989 
8,304 
8,915 
9,230 
9,745 
10,260 
1  0,775 
11,290 
11,805 
12,319 
13,478 
13,993 
14,404 
14,919 
15,844 
16,254 
17,028 
17,439 
18,243 
18,758 
19,273 
19,821 
20,746 
21,156 
21,671 
22,074 
22,589 
23,104 
23,514 
24,029 
24,641 
25,156 
25,928 
26,652 

Product 
Cement 

Ash 
Ash 
Salt 
Salt 

Cement 
SaltIAs h 
Cement 

Ash 
Ash 

cement 
Cement 
Cement 
Cement 
C e W  

Salt 
Ad? 

Cement 
Cement 
Cement 
Cement 
Cement 
Cement 

Ash 
CementlAsh 

Cement 
Ash 
Ash 
Ash 
Ash 

CernentlAsh 
Cementlhh 

Ash 
Cement 
Cement 
Cement 

Ash 
Ash 
Ash 

Cement 
Cement 
Cement 

Ash 
Ash 

Cement 
Cement 
Cement 

Ash 



Table 1 (continued). Prototype CSB-Dolly Trip Summary 

Date 
14-JuI -86 
15-Ju l -86  
10-Sep-86 
22-Sep-86 
1 -0ct-86 
3-Oct-86 
4-Oct-86 
6-Oct-86 
7-Oct-86 

13-Oct-86 
14-Oct-86 
15-Oct-86 
17-Oct-86 
24-Oct-86 
27-Oct-86 
28-Oct-86 
3 1 -0ct-86 
3-NOV-86 
4-Nov-86 
5-Nov-86 
6-Nov-86 
7-Nov-86 
1 3-Nov-86 
1 4-Nov-86 
1 5-Nov-86 
2-Dec-86 

11 -Dee86  
15-Dec-86 
19-Dec-86 
24-Dec-86 
30-Dec-86 
6-Jan-87 
8-Jan-87 
9-Jan-87 

12-Jan-87 
15-Jan-87 
21 -Jan987 
22-J an-87 
23-Jan-87 
2-Feb-87 
9- Feb-87 

11 -Feb-87 
13-Feb-87 
17-Feb-87 
18-Feb-87 
19-Feb-87 
25-Feb-87 
27-Feb-87 

Product 
Cement 

CementlAsh 
Ash 
Ash 
Ash 
Ash 

Cement 
CementlAsh 

Cement 
CementlAsh 

Cement 
Ash 

CementIAsh 
Potash 
Potash 
Potash 
Potash 
Cement 

Lime 
Lime 
Lime 
Lime 
Salt 
Salt 
Salt 
Salt . 

Cement 
Cement 

Astr 
Cement 

Ash 
CernentlAsh 
CemenVAsh 

Ash 
AsNCement 

Ash 
Cement 
Cement 
Cemerrt 
Cement 
Cemerd 

CementlAsh 
Cement 
Cement 
Cemelrt 

Cementy 
CemerA 
Cement 

Destination 
Saskatoon 

B.Dam 
B.Dam 

B.Dam/Saskatwn 
B.DamlSaskatwn 

B.Dam 
Wkatoon 

Estevan/B.Dam 
Saskabon 

Weyburn/B.Dam 
Estevan 

Saskatoon 
Estevan/B.Dam 

Richmound 
Richmound 
Richmound 
Richmound 
Sasketoon 

Saskatoon/Key Lake 
Enroute Key Lake 
Inbound Key Lake 
Inbound Key Lake 

Lucky LakeiEmfold 
B.Plaine/Hodgeville 

B.Plaine/Porcupine Plain 
B.Plaine/Rosthern 

Estwan 
s&ation 

BOam 
SaskatPon 

B D m  
Estevan/B.Dam 
Estevan/B.Darn 
Prince Albert 

B.Dam/Saskatoon 
&Dam 

S.Current 
Saskatoon 
Saskatoon 

Estwan 
Sa&toon 

Estevan/B.Dam 
Saskatoon 
Estevan 

Saskatoon 
Saskatoon 
Saskatoon 
Saskatoon 

Kilometers 
51 5 
41 0 
41 0 
925 
925 
410 
51 5 
41 0 
51 5 
41 0 
402 
51 5 
925 
933 
933 
933 
933 
51 5 
644 
483 
483 
644 
724 
483 
724 
676 
402 
51 5 
41 0 
51 5 
41 0 
41 0 
41 0 
740 
925 
41 0 
499 
51 5 
51 5 
402 
51 5 
41 0 
51 5 
402 
51 5 
51 5 
51 5 
51 5 

Cumulative Km 
27,167. 
27,578 
27,988 
28,913 
29,839 
30,249 
30,764 
31,175 
31,690 
32,100 
32,502 
33,017 
33,943 
34,876 
35,809 
36,743 
37,676 
38,191 
38,835 
39,318 
39,801 
40,444 
41 ,I 69 
41,651 
42,376. 
43,051 
43,454 
43,969 
44,379 
44,894 
45,305 
45,715 
46,125 
46,866 
47,791 
48,201 
48,700 
49,215 
49,730 
50,133 
50,648 
51,058 
51,573 
51,975 
52,490 
53,005 
53,520 
54,035 



Table 1 (continued). Prototype CSB-Dolly Trip Summary 

Date 
3-Mar -87  
5-Mar -87  
14-Mar.87 
19-Mar -87  
20-Mar-87 
23-Mar -87  
24-Mar-87 
2 -Ap r -87  
6 -Ap r -87  
9-Apr -87  
10-Apr -87  
14-Apr -87  
15-Apr -87  
16-Apr -87  
20-Apr -87  
21 -Ap r -87  
22-Apr-87 
23-Apr-87 
24-Apr -83  
25-Apr-87 
26-Apr-87 
27-Apr-87 
2  8  - A  p  r  - 8  7  
29-Apr-87 
30-Apr -87  
1  -May-87 
2-May-87 
7-May-87 
12-May-87 
13-May087 
14-May-87 
15-May-87 
21 -May-87 
22-May087 
23-May-87 
26-May-87 
1  - J u ~ - 8 7  

23-Ju l -87  
30 -Ju l -87  
7-Aug-87 

10-Aug-87 
11 -Aug-87 
12-Aug-87 
13-Aug-87 
17-Aug-87 
18-Aug-87 
19-Aug-87 
20-Aua-87 

Product 
CemenVAsh 
CemenVAsh 
CementIAsh 

8sh 
Ash 
Asta 
Asla 

Empty 
Empty 
Cement 
Cement 

Ash 
Ash 

Cement 
Cement 
Lime 
Lime 
Lime 
Lime 
Lime 
Lime 

Cement 
CementILime 

Lime 
Lime 
time 
Lime 

Cement 
time 
Lime 
Lime 
Lime 

CemenVAsh 
Cement 

A& 
Cement 

Ash 
Salt 
Salt 
Salt 
Ash 

Cement 
Cement 
Cement 

Salt 
Salt 
Salt 
Salt 

Destination 
Estevan/B.Dam 
Estevan/B.Dam 
Estevan/B.Dam 

B.Dam 
B.Darn 
B.Dam 

S.Current 
SaEkatoon 
Saskatoon 
Saskabon 
Saskatoon 

B.Bsm 
Prince Albert 

Ssskatoon 
Saskatoon 

Enroute Key Lake 
Enroute Key Lake 
Inbound Key Lake 
Enroute Key Lake 
Enroute Key Lake 
Inbound Key Lake 

Saskatoon 
SaskatooWey Lake 
Enroute Key Lake 
Enroute Key Lake 
Inbound Key Lake 
Inbound Key Lake 

Saskawm 
Enroute Key Lake 
Enroute Key Lake 
Inbound Key Lake 
Inbound Key Lake 
Estevan/B.Dam 

Nipawin 
B.Dam 

Saskatoon 
B.Dm 

B.Plaine/B.Dam 
B.Plaine/B.Dam 
B.Plaine/B.Dam 

B.Dam/St. Eustachwinnepeg 
Winnepeg 

Enroute Edmonton 
inbound Edmonton 
B.Plaine/B.Dam 

B.Piaine/Saskatoon 
B.Plaine/Saskatoon 
B.Plaine/Saskatoon 

Kilometers 
41 0  
41 0  
41 0  
41 0  
41 0  
41 0  
499 
257 
257 
51 5  
51 5  
41 0  
8  0  5 
51 5  
51 5  
644 
483 
805 
644 
483 
966 
25 7  
644 
644 
483 
483 
483 
51 5  
805 
644 
483 
644 
41 0  
789 
41 0 
51 5 
41 0  
51 5  
51 5  
51 5  
644 
587  
756 
756 
51 5  
54 7  
547 
547 

Cumulative Krn 
54,446 
54,856 
55,266 
55,677 
56,Q87 
56,497 
56,996 
57,254 
57,511 
58,026 
58,541 
58,952 
59,756 
60,271 
60,786 
61,430 
61,913 
62,718 
63,361 
63,844 
64,810 
65,067 
65,711 
66,355 
66,837 
67,320 
67,803 
68,318 
69,123 
69,766 
70,249 
70,893 
71,303 
72,092 
72,502 
73,017 
73,428 
73,943 
74,458 
74,973 
75,616 
76,204 
76,968 
77,717 
78,232 
78,779 
79,326 
79,873 



Table 1 (continued). Prototype CSB-Dolly Trip Summary 

. 

Cumulative Km 
80,420 
80,823 
81,338 
81,853 
82,883 
83,848 
84,524 
85,039 
85,554 
85,965 
86,463 
86,978 
87,493 
88,008 
88,523 
89,231 
89,746 
90,261 
90,776 
91,291 
91,806 
92,321 
93,255 
93,770 
94,800 
95,315 
96,248 
97,278 
98,212 
99,145 

Date 
21 -Aug-87 
24-Aug-87 
26-Aug-87 
27-Aug-87 
29-Aug-87 
1 -Sep-87 
2-Sep-87 

11 -Sep-87 
12-Sep-87 
13-Sep-87 
14-Sep-87 
15-Sep-87 
19-Sep-87 
21 -Sep-87 
26-Sep-87 
29-Sep-87 
29-Sep-87 
30-Sep-87 
2-Oct-87 
3-Oct-87 
5-Oct-87 
6-Oct-87 

17-Oct-87 
20-Oct-87 
29-Oct-87 
30-Oct-87 
31 -0ct-87 
2-Nov-87 
7-Nov-87 
1 0-Nov-87 

Destination 
B.Plaine/Saskatoon 
B.Plaine/Melville 
B.Plaine/B.Dam 
B.Plaine/B.Dam 

Saskatoon (twice) 
B.Plaine/OutlooWB.PIaine 
WadenalB.Plaine/B.Dam 

BB.Plaine/B.Dam 
Saskatoon 

B.Dam 
S.Current 
Saskatoon 
Sahtoon 
Saskatoon 
W a o o n  
Shavnavon 
Saskatoon 
Saskatoon 
Ssskatoon 
Saskatoon 
WkatOOn 
S ~ W O O ~  
Richmound 
Saskatoon 

Esterhazy (twice) 
Esterhazy 

Richmound (twice) 
Esterhazy (twice) 

Richmound 
Richmound 

Product 
Salt 
Salt 
Salt 
Salt 

Cement 
Salt 
Salt 
Salt 

Cement 
Ash 
Ash 

Cement 
Cement 
cement 
Cement 
Cemerrt 
Cement 
Cement 
Cement 
Cement 
Cement 
Cement 
Potash 
Cement 

Salt 
Salt 

Potash 
Salt 

Potash 
Potash 

Kilometers 
547 
402 
51 5 
51 5 

1,030 
966 
676 
51 5 
51 5 
41 0 
499 
51 5 
51 5 
51 5 
51 5 
708 
51 5 
51 5 
51 5 
51 5 
51 5 
51 5 
933 
51 5 

1,030 
51 5 
933 

1,030 
933 
933 



Table 1 supplements this information by identifying prxluct, destination, ar~d distance on a 
trip-by-trip basis. 

Economic factors, such as market demands for cement and petroleum products, also 
affected the operation of the dolly. As can be seen in Figure 8, sluggish demand conditions 

idled the dolly during May of 1986 and during the su~nmers of both 1986 and 1987, This 
resulted in a "staircase" effect in the cumulative mileage c w e  in Figure 8. 



4. Quarterly Reviews of Dolly Operations 

The following material provides perspectives on dolly performances as observed during 
the field trial. 

August, September, and October of 1986 

The CSB-dolly accumulated approximately 40,000 km (25,000 miles) in dry bulk 

cement hauling service in and about Regina. The dolly is used in an eight-axle (1-2-2-1-2) 

C-train. Initially, dolly axle loads were constrained to approximately 7,200 kg (16,000 
lbs), but were raised to 9,100 kg (20,000 lbs) after the initial, successful experience, The 
LA-dolly is in similar use in a seven-axle (1-2-2-1-1) C-train. 

The operators (TRIMAC Transportation System) express great satisfaction with the 

operation of the prototype dollies. They note that: 

a) The operational stability of the trains is judged by the drivers to be much better 
than when equipped with an A-dolly, and somewhat better than when equipped 
with self-steering Bdollies. 

b) No frame-stress-relatxi problems have been identified. 

c) Tire wear is apparently very good. In particular, the excessive tire wear 

previously experienced with self-steering B-dollies is absent. 

d) With experience, drivers have learned to back the trains. Backing can be 
accomplished with strategies involving curved paths, not just along straight lines. 
This is found to be a great advantage in that it allows the use of doubles in 

services that previously were limited to singles by operational considerations. 

e) Although the CSB- and LA-dollies require greasing at various points of their 
steering systems, TRIMAC indicates that the difference between "regular" 
maintenance costs of the CSB and other dollies are insignificant. There is not 

enough accumulated mileage to judge major maintenance (overhaul) costs. 

November, December, and January of 1986 and 1987 

During the first week of November, the prototype dollies made their first northern trip. 
The trains, operating at up to 61,000 kg (135,000 lbs) GCW were used to haul lime into 

(and crystalline ammonia fertilizer out of) the Key Lake uranium mine in northern 



Saskatchewan. The haul initiates in Sashtoon, runs north through Prince Albert, and then 
several hundred miles into the uninhabited north. Paved roads stop about 190 km north of 
Prince Albert so that most of the trip is on gravel roads. The run is about 12 hours one 

way. This initial run was made in a four-vehicle convoy consisting of the CSB-dolly 
vehicle, a similar train using the linked-articulation hardware, a B-train (no dolly) hauling 

fuel oil, and a passenger van. 

UMTRI personnel traveled to Saskatchewan to participate in this initial run. Others 
who "attended" included officials of Saskatchewan Transportation and of TRIMAC. An 
UMTRI staff member rode the entire northbound run in the CSB-dolly-equipped train. 

The trip was certainly an unqualified success in that all three vehicles performed 

flawlessly. 

The CSB-dolly continued in use in the Regina area through the quarter on a TRIMAC 
bulk tanker. During the winter quarter, the major use of that fleet is for hauling road salt. 

Because of the unusually mild winter weather, accumulated mileage was limited. 

Accumulated mileage by the end of the quarter was ktween 48,000 and 56,000 km 

(30,000 and 35,000 miles). 

TRIMAC continues to declare that they are very pleased with the service of the dollies. 

There have been no problems of note. Maintenance costs appear to be very similar to their 
existing equipment. Tire wear is said to be noticeably improved over A- and self-steering 
B-dollies in the same service. 

February, March, and April of 1987 

The CSB-dolly continued in use in the Regina ma through the quarter on a TRIMAC 
bulk tanker. It was used for hauling road salt locally, but was also returned to northern 

service, delivering lime to the Key Lake uranium mine. 

The Saskatchewan Highways and Transportation is now issuing permits for both the 
CSBdolly and LA-dolly for weights up to 62,500 kg (138,000 lbs). The essential aim of 
this scheme would be to allow the use of vehicles in Saskatchewan now, which are 
anticipated to be allowed nationwide in the future as a result of the Roads and 
Transportation Association of Canada (RTAC) study findings. 



During May, UMTRI staff traveled to Regina and to Calgary, Alberta to interview local 

and regional officials of TRJMAC in connection with evaluating the CSBdolly's economic 

performance. The next section presents the economic analysis. 





5. Economic Analysis 

INTRODUCTION 

Objective. The economic analysis is designed to determine the costs and/or benefits of 

introducing innovative dollies, such as controlled-steer B-dollies (CSB-dollies) and 
linked-articulation dollies (LA-dollies), into a fleet that uses conventional A-dollies. 

Sources of Related l$ormation. A CSBdolly and an LA-dolly have been undergoing 
field trials at TRIMAC Trans?ortation Services, Ltd. in Regina, Saskatchewan, and the 
Company has maintained pip and maintenance records specific to the two dollies. 

Moreover, over a ten-month period, ADVANCE Engineered Products, Ltd. has 

manufactured and sold approximately 40 roll-stiffened LA-dollies to trucking fleets in 
Saskatchewan. To the extent that reasonable data exist for the two dollies, those data were 
used in the analysis. 

Since the innovative dollies are fairly recent additions to the trucking industry, the 

related information is limited. With the exception of additional weight and a higher 
purchasing cost, CSB-dollies are similar in many respects to double-drawbar B-dollies. 
That is, CSB-dollies are essentially B-dollies incorporating special hardware for steering 

the dolly wheels. Due to the short observation period for the CSBdolly, data from B-dolly 
operators art sometimes used as a surrogate far CSB-dolly data in the following economic 

analysis. B-dollies have been in use since 1979 and trucking fleets in Alberta and 

Saskatchewan operate approximately 140 B-dolly doubles with an annual mileage of 

approximately 32 million kilometers (20 million miles). Data from these fleets were 
major sources of the information used in this analysis. Similarly, linked-articulation dollies 

are essentially A-dollies with additional hardware required to "link" the articulation angles 

between the trailers in a twin-trailer configuration. Consequently, data from A-dolly 

operators are sometimes used in the absence of LA-dolly specific information. Contacts 
with U.S. and Canadian fleet operators provided information about the costs involved in 
using conventional dollies. Canadian fleets have also information about the 
impacts and costs of a changeover fium A- to B-dollies. These data were extrapolated to 
the evaluation of the two new dollies, that is, the CSB-dolly and the LAdolly. 

Scope of Analysis. To focus the analysis on the operationaVfinancial impact of the 
innovative dollies, a financial model was developed that incorporated the differences in the 
benefits and costs (advantages and disadvantages) between the conventional (Adolly) and 



the two new dollies (the CSB-dolly and the LA-dolly). In other words, the analysis 
examined issues pertinent to the type of dolly. 

Method of Analysis - Sensitivity Analysis. A sensitivity analysis involves changing 
the values of various parameters, one at a time, to determine their individual impact on a 
"baseline" or reference situation. Key parameters are identified by their ability to 
significantly affect the results of the analysis through small variations in their. values. A 

sensitivity andysis helps to identify the important parameters and the key issues associated 
with the parameters. 

In this study, the two innovative dollies were used in bulk-hauling operations and were 

often subjected to fairly severe loading situations. Much of the information on 
conventional A-dollies, however, has been obtained from U.S. trucking fleets where more 

stringent road-use laws create a somewhat different operating environment. Since the two 

dollies could not be compared directly under similar operating conditions, sensitivity 

analyses help to clarify the key issues with regard to the use of the CSB-dolly and the LA- 
dolly. 

Further, a specific parameter (parameters are enumerated in "Assumptions Concerning 
Economic Issues" below) will have varying levels of importance for different types of 

trucking operations, such as "less-than-load" (LTL) versus bulk cargo, or short-haul 

versus long-haul. The amount of variation of independent variables used in the analysis 

below are thought to k "representative", but the sensitivity analysis approach allows the 
reader to adjust the amount of variation, and thus the eventual influence, of individual 
variables for the specific situation. 

THE FdhANCIAL MODEL. 

Type of Analysis. The model determines the fmancial effects of using an innovative 
dolly, that is, a CSB-dolly or an LAdolly, as an alternative to the conventional A-dolly. 
The cash flows (where costs are negative cash flows or an outflow of cash, and benefits 

are positive cash flows or an inflow of cash) are defined as an increase or decrease in the 
operating cost due to the use of an innovative dolly instead of an A-dolly. For example, 
the model projects higher annual preventive maintenance costs (see "Assumptions 
Concerning Economic Issues") for every innovative dolly added to the fleet. An innovative 
dolly is, therefore, more expensive to maintain than the conventional dolly (all cash flows 
are in CA dollars ($1.25 CA=$1.00 US). There is also an additional investment due to the 



extra cost incurred in buying an innovative dolly instead of an A-dolly. In other words, 
the model analyzes the future incremental cash flows resulting from an additional 
investment made today. 

The Investment Rule. The Net Present Value (NPV) rule is used as a basis for 

analyzing the investment decision. The NPV rule reduces all forecasted cash flows to 
current dollars (based on a given discount rate) and is reliable in ranking projects which 

offer different patterns of cash flow. Other investment rules such as Payback and Average 

Return on Book are inadequate when analyzing incremental cash flows. 

Life of the Project. The life of the project - that is, the period over which the two 
dollies would be compared - is determined by the life of an A-dolly. Normal operation of 
double-trailer combinations results in relatively minor wear on the conventional dolly and 

some fleet operators believe that A-dollies are virtually indestructible. For this analysis, 

however, the life of an A-dolly is assumed to be ten years. 

Assumptions Concerning Economic Issues. The following parameters, which are 
assumed to increase or d m a s e  the cost of operation, are used in the financial model: 

. . ~ a c o s o  t e  olly. The CSB-dolly is assumed to cost $7500 more than the 
conventional A-dolly. This assumption is based on the fact that a Fruehauf single-axle A- 

dolly (with tires) costs $5625 and an ASTL B-dolly (with tires) costs $10,625. 
Manufacturing and installing the controlled-steering hardware (on the dolly and the pup 

trailer) is assumed to cost an additional $2,500. Unlike the CSB-dolly, the linked- 

articulation dolly is a modified A-dolly with additional hardware to "link" the articulation 
angles between the two trailers in a twin-trailer configuration. The cost of the "linking" 
hardware is assumed to be $3,500 (based on information provided by ADVANCE). 

Consequently, the linked-articulation dolly is assumed to cost $3,500 more than the 

conventional dolly. Differences in scrap value are taken to be negligible. 

Backing Since it is virtually impossible to back up A-dolly-equipped doubles, 
drivers of such vehicles in common freight service generally need to "break down" the 

vehicle in an intermediate staging area and maneuver both trailers into their loading docks 
individually. Depending upon the distance from the loading dock to the staging area, the 

entire process of assembling and disassembling a set of double trailers can take up to an 
hour of the driver's time. Use of the CSB- and LA-dollies give the driver the ability to 
back up a doubles combination which may allow him to d&ver both trailers to the loading 



dock without the time consuming process of assembling and disassembling the 
combination at the staging area. On the other hand, tile linked-articulation dolly, by the 
nature of its hitching arrangement, is most suited to operations where the two trailers are 

permanently "married," Transportation of bulk products, such as gasoline and grain, are 

examples of such operations. Since the loading and unloading of bulk products are 

performed in a "drive-through" operation, the advantage of being able to back-up twin- 
trailers in these operations is less significant. Thus, the time saving potential seems to be 

most applicable to the CSB-dolly only. 

One variation in model parameters assumes that the driver of vehicles using CSB- 
dollies saves twenty minutes by not having to make two trips to and from the staging area. 

Assuming an internal labor rate of $26.25 (including benefits) the fleet operator saves 

$8.75 for each double-trailer combination that is assembled and disassembled. This 

assumes that both the vehicle and the driver are idle for the period. 

However, if the time saved were accumulated and put to productive use, such as 

hauling freight, then the benefits might help recover the increased costs of operating a 
CSB-dolly. For example, the additional benefits produced from 20 minutes of extra 

hauling time can be calculated in the following manner. Assuming an average 

transportation speed of 32 k;'2l/hr (20 mi/hr) (including stops, delays, etc.) and a freight 
hauling charge of $0.0001552 per kg. per km. ($0.0001 118 per lb per mi), then a vehicle 

with a pa.yload of approximately 22,750 kg (50,155 lb) would earn an additional $37.50 

per 20-minute period. In other words, the fleet operator would earn $37.50 for each 

double-trailer combination that is assembled and disassembled. 

Converting existing merit At least one semitrailer must be modified for every 

CSB-dolly purchased. Installing two additional pintle hooks and frame-stiffening the 
semitrailer's chassis is assumed to cost approximately $3,750. 

In the case of the linked-articulation dolly, two trailers must be modified for every LA- 
dolly purchased. Installing the "linking" hardware to the two permanently "married" 
trailers is assumed to cost $8,000 (based on information provided by ADVANCE). 

Maior overhauls. Canadian operators of both A- and B-dollies believe that B-dollies 
must undergo a major overhaul twice as often as A-dollies. The industry standard is to 
overhaul an A-doliy every 800,000 km (500,000 mi) and a B-dolly every 400,000 km 
(250,000 mi). With respect to the cost and frequency of major overhauls, CSB-dollies are 



assumed to be similar to B-dollies and LA-dollies are assumed to be similar to A-dollies. 
In other words, while CSB- a d  B-dollies undergo a major overhaul every two years, LA- 
and Adollies undergo a major overhaul every four years. As an overhaul includes, among 
other things, fifth wheels, drawbar eyelets, steering systems, brakes, and springs, the cost 
of a major overhaul is kept as a variable and is defined as a percentage of the initial cost of 

the dolly. This cost is assumed to include factors related to both (a) time and materials for 

maintenance and (b) service time lost during maintenance. 

Preventive maintenance, The cost of regular maintenance such as inspection and 
lubrication depends upon the size of the fleet and the frequency at which maintenance is 
done. There is, however, a general view in the Canadian trucking industry that 

maintenance costs of the innovative dollies are twice that of the A-dolly. In the case of the 

CSB-dolly, the increase in maintenance cost is attributable to the maintenance of the 

steering system. In the case of the LA-dolly, however, the increase in cost is attributable to 

maintenance of the additional hitching linkage. 

Tire wear, During normal operation, the tires on conventional dollies last for 
160,000-193,000 km (100,000-120,000 mi). Tire scrubbing on Bdollies tends to wear 
tires 10-1596 faster. As far as tire wear is concerned, the CSB- and LA-dollies are better 

than B-dollies and are assumed to resemble conventional Adollies. 

ne: costs, Scheduling varies across truck fleets, and practices are dependent 
on the size of the operation. Some large operations have delegated most of the scheduling 
exercise to computer programs which route tractors, semitrailers, and dollies according to 

variables such as trip length and freight being hauled. On the other hand, fleets with fewer 
units are more comfortable maintaining scheduling as part of the day-today administration 
of the trucking operation. 

Since the linked-articulabon dolly is likely to be used only with "married" trailers, 

changes in scheduling costs are assumed to be negligible. However, in general freight 

fleets, partial introduction of CSB-dollies would mean that dollies and trailers were no 
longer be completely interchangeable. Consequently, there is bound to be an increase in 
scheduling costs. It is assumed, however, that there is a learning curve associated with the 

scheduling process, and the increase in cost will disappear over time. 

A complete changeover from A- to CSB-dollies would not affect the process of 
scheduling. If, however, half of the total number of dollies are CSB-dollies, then the 



increase in scheduling costs is assumed to be at its maximum. To account for this trend, 
the model assumes a triangular distributio.~ in which scheduling cost varies as a percentage 
of the CSB-dollies in the fleet. The model assumes a single expense to update computer 
programs and any scheduling-related data bases. 

Traininfloss of productivitv, To address the fact that drivers and yard personnel 
must deal with a new piece of equipment, the model accounts for training and a cost 
associated with a temporary loss of productivity. The increase in time required to hitch the 

CSB-dolly is a specific example of a loss of productivity. Operators of B-dollies believe 

that, with some exceptions (such as hitching on uneven yard surfaces), hitching B- and 
CSB-dollies could become as routine as hitching an A-dolly, The model uses a learning 

curve to account for the temporary nature of this cost. 

Again, since the LA-dolly involves permanently "married" trailers, the new hitching 

mechanism would not cause any increases in operating cost. 

ss of revenue from hauling less weight. Due to the steerable axle and a sturdier 

frame, the CSB-dolly weighs 455-680 kg (1,00&1,500 lb) more than the conventional 
dolly. The additional hitching linkage in the LA-dolly also results in a weight increase of 
295 kg (650 lb). Under conditions where vehicles are operated at maximum gross weight, 
the extra weight of the dolly displaces an equivalent amount of freight. The loss of revenue 

depends upon a number of factors-type of freight (freight class), trip length, etc. For 
example, the revenue from shipping 4,540 kg (10,000 lb) of general freight a distance of 
3,800 km (2360 mi) is $2,656. If a vehicle is forced to forego canying 454 kg (1,000 lb) 

of such freight, then the loss of revenue for the trip is $265.62. If the vehicle is forced to 
forego 454 kg (1,000 lb) of bulk freight, at the rate of $0.0018 per 100 kg per km 
($0.0025 per 100 lb per mi), then the loss of revenue for the trip is $31.05. 

Permit to increase axle loads, In order to promote the use of innovative dollies, and 
recognizing the economic significance of allowable gross weight, Saskatchewan is now 
allowing up 9,000 kg (19,800 lb) additional weight when CSB- or LA-dollies are used. 
The assumption of increased regulatory load allowance (very similar, but of course, 
opposite to the assumption above) addresses current highway regulation and has been 
included to describe the Saskatchewan, and other possible situations. 

Savings from fewer accidents, The analysis in the original study [I] predicted that 
the improved safety characteristics of the CSB-dolly would save the fleet operator 



$0.006Ukm ($0.010 per mile). Based on engineering judgement regarding the relative 

effectiveness of the two designs, the LA-dolly is assumed to save the fleet operator 

$0.0055 per km ($0.00875 per mile) of travel. 

Abilitv to omrate on secondarv roadg Some political venues limit the operation of 
double-trailer combinations to designated highways. Considering a situation where both 
trailers in a doubles combination are headed for the same destination off the designated 
highway system, the combination must be disassembled and each trailer must be 

transported to the final site independently. If such regulation were to be removed because 
of the improved dynamic performance of doubles with innovative dollies, there would be a 

cost savings associated with the elimination of two trips to and from the local drop-off site. 

APPUCATION OF THE FINANCIAL MODEL. 

To study the influence of the economic issues discussed earlier, results for the two 

dollies are presented here. 

Current Operating Environment. Starting with a situation which tries to approximate 
the current operating and regulatory environment, the financial model is used to analyze the 

decision by a fleet operator to purchase six innovative dollies. In the case of the CSB- 
dolly, the Net Present Value (the NPV is defined as the sum of the incremental cash flows 

over the life of the project reduced to current dollars) of such a decision results in a total 
negative cash flow (a loss) of $537,492.16. The incremental cash flows projected over ten 
years are as shown in Table 5 (in Appendix C). The values of the parameters used in this 

situation are tabulated in Table 4 (in Appendix C). (A brief discussion of the independent 

parameters, their values and their role in the financial model is also included in Appendix 

It is important to emphasize that this loss is an incremer~d loss due to a decision to buy 
a CSB-dolly instead of an A-dolly. For example, if there were an underlying decision 
(with an NPV of at least $537,500.00) to use twin-trailer combinations instead of tractor- 

semitrailers, then the decision to use CSB-dollies would only reduce the profitability of the 
original decision. The purchase of conventional dollies, however, would not affect the 
original NPV of at least $537,500.00. 

Assuming that the reference fleet were to raise its shipping charges to cover its 
incremental loss, the freight charges hould have to be increased by $0.0003 11 per 100 kg 



per km ($0.000224 per 100 lb per mi), as indicated in Table 5 (in Appendix C). The rate 
increase was determined for six CSB-dollies, observed over a ten year period, travelling 

160,934 km (100,000 miles) per year and carrying 18,144 kg (40,000 lb) of cargo per trip. 
The increase in freight charges translates into an increase of $53.10 for 45,359 kg 

(100,000 lb) of cargo to be shipped 3,800 Eun (2360 mi) - an increase of 1.96%. 

In the case of the LA-dolly, the Net Present Value of a decision to buy six innovative 
dollies results in a total negative cash flow of $250,420.79. Since the liked-articulation 
dolly is lighter than the CSB-dolly, the loss incurred due to displaced cargo is much lower. 

The incremental cash flows projected over ten years are as shown in Table 7 (in Appendix 

C). The values of the parameters used in this situation are tabulated in Table 6 (in 
Appendix C). 

It is often helpful to see how a project fares under various scenarios. A sensitivity 
analysis is helpful in determining the key variables that determine whether a project fails or 

succeeds. Table 2 contains a list of the reference values and the variations used in the 
analysis of the CSB-dolly. The influences of some of the variations listed in Table 2 are 

displayed in Figure 9. 

In Figure 9, the reference value of each of the independent variables (i.e., those values 

from our estimate of the "current operating environment") is shown in brackets (next to the 
darker shaded bars). According to the financial model, introducing CSB-dollies into this 

"environment" would result in a change of operating cost of $O.O826/mile (loss), shown as 
the "baseline value" in the figure (and represented by the darker shaded bars). The lighter 
shaded bars of the graph represent the change of operating cost which would result if the 
operating environment was different than our chosen "current operating environment". For 

example, if the operating environment had a freight charge of $0.0000445/kg/km 

($0.0000325/lb/mi similar to bulk rates) rather than $0.000 153/kgkm ($0.000 1 1 18/lb/mi, 
a representative general freight rate) then the loss upon the introduction of CSB-dollies into 
this environment would be less. (The loss is largely due to the loss of cargo resulting from 
the heavier dolly; lower rates means less dollar loss per pound of lost cargo.) 

Figure 9 shows that reasonable increases or decreases in some of the independent 
variables have little influence on the operating cost while others, namely, (1) freight 
charges, (2) percentage of trips made at maximum allowed weight, (3) dolly weight, (4) 
local drops, and (5) double assembly and disassembly, have the strongest influences on the 
changes in operating cost associated with acquiring CSB-dollies. With regard to accident 



Table 2. Variations used in analyzing operating cost sensitivities 
for the CSBdolly (see figures 9 and 10) 



INDEPENDENT VARIABLES VARIATIONS 

$0.000/vehicle/mile 
Accident savings [$O.OlO/vehicle/mile] 

$0.020/vehicle/mile 

50,000 miles 
Annual mileage [100,000 miles] 

150,000 miles 

10% 
Major overhauls (9% of cost of dolly) [20%] 

30% 

Preventive maintenance 
$0 

[$625] 
$1,250 

8% 
Biscoun t rate [lo%] 

12% 

750 lb 
Additional dolly weight [l500 lb] 

2250 1b 

30% 
Percent of trips made at max GVW W%I 

90% 

$0.0000325Pb/mile 
Freight charge [$O.OMll l$/lb/rnile] 

$0.0002070Pb/mile 

Local drops 

Double assembly and disassembly 

[O per Y ~ I  
130 per year 
2fa per Year 

10.0 per day1 
0.5 per 
2.0 per day 

oss r, 
-0.1 Break Even Point 0.2 

Baseline value 
$0.0826 (loss) per vehicle per mile 

CHANGE IN OPERATING COST (DOLLARS PER VEHICLE PER MILE) 

Figure 9. Operating cost sensitivities for a CSB-dolly equipped double 



costs, the results presented in Figure 9 show that accident costs have only a moderate 
influence on the financial picture. The profit side of the bar chart is reached if the owners 
of CSB-dollies assemble and disassemble their double-trailers twice a day and can use the 

time saved productively. 

If fleet operators are given a weight allowance to compensate for the additional costs of 
operating a CSB-dolly, it would produce a significant change in the operating environment. 
Figure 10 displays the effects of a weight allowance relative to the variations of the other 

independent variables. The benefits of the weight allowance, as shown in Figure 10, 
completely overshadow the influences of the other key variables. Assuming that fleet 

operators have the need to carry the extra weight and do not violate some other size or 

weight law, the weight allowance would make the purchase of CSB-dollies a very attractive 
financial decision. 

It should also be emphasized that, in Figure 10, the benefit of the additional weight 

allowance is mitigated by the "baseline" assumption that only 60% of trips are made at the 
full gross loading condition. If a fleet can take advantage of the full allowance for a greater 

percentage of miles, then the economic benefit would be even greater. 

A similar analysis for the linked-articulation dolly is presented in Figures 11 and 12. 

Table 3 contains a list of the reference values and the variations used in the analysis of the 
LA-dolly. The same independent variables, that is, (1) freight charges, (2) percentage of 

trips made at the maximum allowed weight, and (3) local drops tend to play a significant 
role in changing the operating cost due to the purchase of an LA-dolly. Similar to the case 

of the CSB-dolly, the weight allowance (shown in Figure 12) would overshadow the 

influences of the other independent variables. 

The economic analysis presented in the preceding discussion has painted a picture 
which indicates that the introduction of innovative dollies may not be a profitable 

investment decision unless regulatory changes are made to the current operating 
environment. Regulatory changes, such as permits to operate on secondary roads and, 
especially, weight allowances, help increase the profitability of fleet operators using 
innovative dollies. Also, additional savings might be realized by fleet operators if they 
were able to take full advantage of inherent productivity advantages of thz innovative 
dollies, such as the potential time savings allowed by the ability to back doubles equipped 
with innovative dollies. 



Table 3. Variations used in analyzing operating cost sensitivities 
for the LAdolly (see figures 1 1 and 12) 

, 

Variables 
Percefitage of trips at m a  GVW 
Additional dolly weight 
Miles per year per dolly 
Chargellbhile for freight hauled 
Overhaul cost (percentage of initial dolly cost) 
Preventive maintenance - per year 
Accident savings per mile per LAdolly 
Annual discount rate 
Local deliveries 
Overweight hauling allowance 

Reference Values 
60% 

650 lbs 
100,000 miles 
$0.0001 118 

20 % 
$625 

$0.088 
10 % 

0 per year 
0 lbs 

Sensitivity Variations 
' Minimum 

30 % 
500 lb 

50000 miles 
$0.0000325 

10% 
$0 

$0.000 
8.00% 

130 per year 
10,000 lbs 

M m u m  
90 % 
850 lb 

150,000 miles 
$0.000207 

30% 
$1,250 
$0,018 
12.0% 

260 per year 
20,000 1bs 



JND- I VARIATIONS 
$0.000~ehicle/mile 

Accident savings [$O.OlO/vehicle/milel 
$0.020~ehicle/mile 

50,000 miles 
Annual mileage [100,000 miles] 

150,000 miles 

10% 
Major overhauls (% of cost of dolly) D m 1  

30% 

$0 
Preventive maintenance [$6251 

$1,250 

8% 
Discount rate [I0961 

12% 

750 lb 
Additional doUy weight [ l W  lbl 

Percent of trips made at max CVW 
9096 

Freight charge [$0.0001118/lb/mile] 
$0.0002070/lb/mile 

Local drops 

10.0 per day1 
Double assembly and disassembly 0 3  ~ e r  day 

2.0 per day 

Double assembly and disassembly i0.0 per day1 

(with productive use of time saved) 0.5 per day 
2.0 per day 

lo lbl .- --. 
10,000 lb 
20,000 lb 

I 1 I I I I I I I ,LOSS+ 
Break Even Point 

-0.8 -0.6 -0.4 -02 t 0 2  

 ase el he value 
$0.0826 (loss) per vehicle per mile 

CHANGE IN OPERATING COST (DOLLARS PER VEHICLE PER MILE) 

Figure 10. Operating cost sensitivities for a CSBdolly equipped double 



INDEPENDENT VARIABLES VMUATIONS 

$0.000/vehicle/rnile 

Accident savlngs [$0.009/vehicle/rnile] 

$0.01 8/vehicle/mile 

50,000 miles 

Annual mileage [100,000 miles] 

150,000 miles 

Major overhauls (% of cost of dolly) 

$0 

Preventive maintenance [$ti251 

$1,250 

500 lb 

Additional dolly weight [650 lb] 

800 1b 

30% 

Percent of trips made at m u  CVW [@%I 
w o  

$0.0000325/lbhnile 

Freight charge [$O.Wl ll8Abhnilel 

$O.O002070/lbhnile 

10 per yea1 

130 per year 

=)peryear 
+PROFIT I I I I I I I I rU3SS.r 

-0.04 4-82 Bnak Even Point 0.02 O W  0.06 0.08 
v 

~asel&e value 
$0.0387 (loss) per vehicle per mile 

CHANGE IN OPERATING COST (DOLLARS PER VEHICLE PER MILE) 

Figure 11. Operating cost sensitivities for a linked-articulation dolly 



- VARIATIONS 

$0.000/vchiclehile 

Accident savings [$O.O09/v~clehnile] 
$0.01 8/vehidchnile 

50,000 miles 
Annual mlleage [lOO,000 miks] 

150,000 miles 

10% 
MaJor overhauls (% of cost of ddly) [20%1 

30% 

$0 
Preventive maintenance [S6251 

$1350 

8% 
Dlscount rate [ l a ]  

12% 

500 1b 
Addl tbd  dolly weight 1650 lb] 

800 1b 

$OH).0000325/lWmilc 

Frelght charge [$O.OOOlll Mbhnile] 
$OE0.0002070/lbtm'ile 

[O per Y-I 
Local drops 130 pn year 

2mpnyear 

-1 .O -0.8 -0.6 -0.4 -02 Bruk~vciPoint 0.2 

T 
Baseline value 

$O.(n87 (loss) per vehicle per mile 

CHANGE IN OPERATING COST (DOLLARS PER VEHICLE PER MILE) 

Figure 12. Operating cost sensitivities for a linked-articulation dolly 



ESTIMATING THE EFFECT OF THE SASKATCHEWAN REGULATORY 
ENVIRONMENT. 

The reference condition presented earlier was designed to ierlect a representative 
operating environment. If, however, the specific situation of 8,850 kg (19,500 lb) heavier 

gross vehicle weights, as permitted in Saskatchewan, is assumed, then the results are, of 

course, quite different. Tables 8 through 13 (in Appendix C) review analyses in which the 
operating environments include (1) this additional weight allowance, and (2) representative 

bulk freight rates (Tables 8 through l l ) ,  as well as, representative general freight rates 

(Tables 12 and 13). 

The cash flows which could result from the purchase of six CSB-dollies by a hauler 
using bulk freight rates are shown in Table 9. The values of the independent variables used 

in this case are shown in Table 8. In this case the decision to invest in CSB-dollies could 

be profitable with an NPV of approximately $1,398,000 over ten years. Similarly, the 

linked-articulation dolly operating in the same environment would result in an NPV of 
$1,512,000 over ten years. The cash flows for this situation are shown in Table 11 and the 

values of the independent variables are presented in Table 10. 

Cash flows resulting from using representative general freight rates appear in Tables 12 

and 13. In these cases, the decision to invest in six CSB-dollies or six linked-articulation 

dolly could be profitable with an NPV of approximately $5,067,000 or $5,354,000 

respectively over ten years. 

It is important to emphasize that these impressive figures result from the regulatory 

weight allowance (not from the use of the innovative dollies, per se). Also, it must be 

stressed that the financial model assumes that the vehicles have the ability and the need to 

take advantage of the regulatory changes. 

It must also be noted that these results (and, indeed, the financial model used herein) 

ignore the inevitable influence of increased productivity on freight rates. In the real world, 
competitive pressures would drive down freight rates as carriers in general gain access to 
more efficient vehicles. It is very difficult to predict the ebb and flow of pricing in a 
dynamic market, and this analysis has not attempted to do that. Thus, the predicted NPV 
profits might not be actually achieved in the long run, but failure to take advantage of the 



regulatory changes and other benefits associated with the innovative dollies in a market 

place which generally did so might result in losses of similar magnitude. 

CONCLUDING REMARKS 

The present use of innovative dollies is limited and, from a financial point of view, may 
be expected to stay that way unless highway regulations are eased in recognition of the 
improved dynamic ability of the innovative dollies. With regard to the engineering of the 

innovative dollies, the economic analysis indicates that the weight of the dolly is a crucial 
issue. Small changes in productivity have a major influence on operating costs. It appears 

that reductions in dolly weight might pay for the increases in dolly purchase prices that 
would accompany the introduction of lighter and stronger materials. (Of course, reduced 
dolly weight would lead to more productive vehicles whether they employ A-, LA-, or 

CSB-dollies. ) 

As shown by the analyses presented here, the difference between profit and loss in the 
trucking industry depends primarily on productivity. An increase in productivity can offset 
increases in the costs of operating doubles equipped with innovative dollies. Time savings 
and the amount of weight hauled are both key factors affecting the productivity of a 

trucking fleet, Although the innovative dollies cause a decrease in the amount of weight 
that can be carried, that loss in productivity might be compensated for if fleet operators can 
find ways to use features of innovative dollies (such as the ability to back up) to increase 
productivity. 

The 8,850 kg (19,500 lb) weight allowance offered by the Saskatchewan regulations 
provides a massive economic influence toward use of innovative dollies. The increase of 
productivity which results from this allowance overwhelms all the other economic factors 
involved. 





6. Summary Assessment and Concluding Remarks 

The prototype dollies have been a success in these field trials. The dynamic 

performance measured on the proving grounds has been reflected in the good performance 

observed in field operations. In fact, the field observations are generally of the "no- 

problem" type. The trip and maintenance reports are generally uneventful and filled with 

brief, positive entries such as "OK" and "works well." The drivers have found the stability 

of the vehicles to be good even in freezing rain on windy days. 

The operation at TRIMAC is set up for Bdollies. The TRIMAC operation is easier to 
perform when a combination is equipped with the CSB- or LAdolly. Although backing up 
is not usually required and space is made available to avoid difficulties with offtracking, the 
increased maneuverability provided by the prototype dollies is seen as a definite advantage. 
The ability to back up is being used in making deliveries in a few places which that were 
not previously accessible to doubles. 

Maintenance people find the CSB-dolly to be a large improvement over the 
conventional B-dolly. They have noted less tire wear with the CSB-dolly than with other 
dollies. Problems with axle bending and kingpin wear, that were experienced with 
conventional Bdollies, have not o c c d  with the CSB-dolly. 

Initially, the CSB-dolly developed some slack and free play in its steering linkages. 
After this was corrected early in the field trials, the CSB-dolly performed well without a 

recurrence of this problem. The only maintenance factor noted lately is that some wear has 

started to develop on the top of the steering ball. Although the field maintenance personnel 
do not look on this as a major d . c u l t y  (possibly because the CSB-dolly has been much 
more trouble-free than other B-dollies), the wear of the ball is a matter worth investigating 
and design improvements are in order for the steering system. Nevertheless, the steering 

system has hnctioned very well and it has performed as intended throughout the last year. 

The LA-dolly has had similar success regarding these practical issues. Although lack 

of trailer-to-trailer roll coupling was a safety performance shortcoming of the original 

prototype, new designs from ADVANCE Engineering are successfully providing 
significant roll coupling. 



In the previous FHWA study [I], tha CSB- and LA-dollies demonstrated superior 

dynamic performance qualities which can provide real safety benefits in use. This, 

combined with their success in these real-world field trials suggest that their broad use is 

desirable from a safety point of view and feasible from a practical point of view. However, 
these innovarive dolly designs u e  not likely to fair well in direct economic competition with 
A-dollies; the additional weight of the innovative dollies is a major disadvantage. The 

economic analysis shows that this weight ~ n a l t y  would be costly and difficult to recoup in 

situations where gross combination weight limits are not adjusted to provide an economic 
advantage to B-dollies. The current CSB-dolly is approximately 680 kg (1,500 lbs) 

heavier than some A-dollies that could be used in comparable service in Canada. This 

additional weight is brought about by the second drawbar, an especially heavy steering 
axle, and the steering linkage incorporated in the CSB-dolly. The LA-dolly suffers a 

similar weight penalty of of about 295 kg (650 lb). With appropriate redesign and 
development, lighter CSB- and LA-dollies could evolve. Nevertheless, it would seem that 
the simpler A-dolly will always have some weight advantage over the CSB- and LA- 
dollies. 

On the other hand, the irn2:oved safety quality of the innovative dollies provides the 
opportunity for improved prorluctivity in trucking through the regulatory mechanism of 
granting additional weight aluwance for vehicle using these dollies. Or conversely, it 
would appear that increased height allowance should be an extremely effective means of 
promoting the use of these safer, innovative dollies. Having made these observations, the 

regulatory agency in Saskatchewan has opted to provide increase weight allowances up to 
8,850 kg (19,500 Ib) with the use of these innovative dollies. Assuming that an operator 
can make ejfective use of the allowance being offered, the xonomic analysis of this report 
suggests that the purchase of six LA- and/or CSB-dollies could result in profits over ten 
years of $1.4 to $1.5 million, net present value, in bulk freight operations, or $5.0 to $5.4 
million, net present value, in general freight operations. 
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Appendix A 





1) What was the basis for your choosing to purchase and we BaOaes? 
piq&e j d . 4 .  \3~. /o8,ooo / b ~  70 I ) $  

N o k c  C ,  e ~ 7 . z ~  ;U P / r p d d L  2 L d $ J  unf."* 

sdtrf 



4) In what kinds of hauling operations do you employ these vehicles? 

- what levels of traflic density art you opeabg in? 
l r t d t  l a  flcBuec4-C * 

c) otha 

5) Arc your drivcn of B-Dally rigs c x p r k d  also in opraring A-trahs? 

)!!s 3 p n r  M id 



6) What do your driven say about their c@encc with tht B- vs. A-Dolly hardware? 
K ~ ~ * . T  i s  W L ~ S  4 WM cXcOCGn 
b- d ~ 5  A a f l ~  dXc/* &I/ ICUY( 

9 )  t i f v  (knna! ma* ovezhh) of B- pa A-Doh in your m~l~t? 

3, e- 4 )dr -c%?*+- b d , * f i o u  

k ~ r l  r p-d i d  , ; P  w a u ~ b  

U h  CUQ 00 Jdr4 m4- >@LC/ 6% A*r,'c 

P h ,  wIII.A Q / * ~ ~ I J *  



10) What are the major ma;ntmnnn! pmblmrs with B-Dollies? 
p$Lc 7 5 r % J ; *  Z 

? w r e .  . 

11) Have you had unusual s m c t d  fiirurw in trailas coupled by means of a B-Dolly? 
h) D 

12) what are the differenas in mahtmmx costs i d  with B- vs. A-Dollies? 

14) Do you lose revenue because payload is repbad by the heavier B-Dolly? 



15) What is the ovaaIl cost of apaating A- vs. B-Dolly vehicles in your business, 
(S per ton-&)? 2 

17) Have yau used swdM "arroomatie hirehing n&dms", with B-DolIics, jnstcad of 
conveatid pintle hitch? If so, do tky prwide any -? 

/ d o  



19) Do you need lcss room at your mck mmin.ls fa assembling and/or mnwuvcring B-Dolly-, 
as apposed to A-Doily-, equipped vchidu? ,,J , 

20) Have you cxpuicnccd other advantages or disadmutagcs in the usc of B-DoLlks which mny 
not have been addressed above? do 



Appendix B 

A few trip and maintenance reparts were selected from the sixteen month collection and 
are included in Appendix B. Information from some of these reports resulted in the 
"milestones" on the cumulative mileage chart in Figure 8. 





@muenam * - CSB - DOLLY CONVERTOR REPORT I l l .  

In addition t o  the stadarcl  p r e t r i p  i n s p u t i o n ,  the followinp checks rust k 
carr ied out for  the C S  - Dolly Convertor. 1 I 1. Steering System: I 

Normal Year 

(d ( 1 
(d ( 1 

@v-s-w- ( 5  ( ) 

( 4  ( 1 
( 4  ( 1  
( *  ( 1  
( 4  ( 1 

@ Lenwkl.lstoenngrrm ( rr]  ( ) 

( 4  ( 1 
@ Rigkt Whod Sl- Ann ( 4 ( ) 

2. Structural  Carponants: 

Namal Awlormol MU 

Main frvn r a i l s  
Cross members 
Pint le  hitches 
K i n g  Pins (Shop check only 
Tin Wear (Shcp chcck o n l y  1 

If  any steering or s t ructural  components rhow signs of MU aM/Or fatigue 
wnicn my affect  the performance of tm M e ,  it is to be taken out of 
service ianwiately.  The cgarrtor i s  t o  advise Trim permme1 a m  personnel 
of the Tramportation Systcms Brmh, DcOottnmt of Highways 
Transoartation of ouclr action. Note eefects hm:  

REPAIRS 

Please note any repairs required: 
1 

FOR SHOP USE ONLY 

Unit No. 

Mechanic1 s Signature ' 



SaW@(ok.rrn 9 ?cnz CSB - DOLLY CONVERTOR REPORT 
INSPECTION 

In addition to  the s u l d a r o  p r e t r i p  inspection, Un? following checks must be 
carried out for  the CSB - Ool ly  Convertor. 

1. Steering System: 

N o n a l  Wear 

0 
@ upper stwing ~ r m  ( 4 ( ) 

0 v.rwrr smnng shin ( ,. ) ( ) 

( 1  
( e . 1  ( )  

( . I  ( ) 

( 1  
A n  ( j )  ( ) 

( ' - ' I  0 
@ ~ q n t  ww ~tnnng Arm ( ,., ) ( ) 

2. Structural Carpowits: 
Normal ADnormal wear 

Main frame r a i l s  ( ' 1  ( 9 
Cross mancers ( .  ( 1 
Pint le  hitches ( :) 1 
King Pins (Ulop check only) (., 1 ( ) 

Tire wear (Shop check only) ( # I  I )  

If any steering or s t ructural  components show signs of wear and/or fatigue 
whim may affect  the ptf lorntam of the vehicle, it is t o  be taken out of 
service inneaiately. TM OpetatOt is t o  advise Triapc personnel and personnel 
of tk Transportation Systems Branch, OCDOftmMt of Highways anri 
Transportation of such action. Note erects here: 

Please m t e  any repairs requireti: 
T-L- fdB a r e 4  Z P  f i  019 * 6 . 7  /n 

I 
I J I 1  - 4 '  

FOR SHOP USE ONLY 
1 

u n i t ~ o .  ,.a - % Gate Inspected 96 
Mechanic' s Signature t , . 



T R I P  R E P O R T  

Fm - To - mart- Arrival Gmss Vehicle Gross Vehicle 
Tinw - T h  - Weight Funer Weight Oolly h 

Unit & Lead bar Trailer 
Trailer 

2- 

Total  F u l  used 
, - 

Please note any rmirs requimd during thc trb. Y - 

Tw -2'Ce - W $mu 40 - 4'- w i d  t ',j -.__ 
sy-, ~ G i i G i G C , & ~  

f e  ST- Y L  (y.-,, 
bad Corditiow: .J 

mid8 mdsctiar: \ 

-\ 
The sta@mY -trip bspction i s  rewired. If my itam shw signs of wear W o r  
htiw M my affect ttm perfamame o f  the vehicle, f t  I s  to k taken art of 
mice t m d t r t e l y .  Thh cpratOP b to advise Tr- pcrtonnl. and personnel o f  the 
T W t i o r r  Systems Brancn, Oepartwnt of  nighrays nd Tramprtatiosr of such 
action. The Daputnrnt ud Tsimac ril l  jointly dctennine tha rersa0ial action 
neamary to put th Wch back into rrrvice. Note dafecu here: 



trailer sel f  steering ~nle'~ssemiies:  

Loaded - 5% 
Pressure m steer- systea~: at start of trip - - 
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Appendix C 

A detailed explanation of the independent variables, their values, and their mle in the 
financial model. 





APPENDIX C 

THE INDEPENDENT VARIABLES AND THEIR VALUES. 

1. Influences of the excess weight of the innovative dolly. 
a. Percent of t i ~ s  at maximum moss vehicle weight (GVWL Though it is 

desirable to operate vehicles cube-full and at maximum axle loads, the actual loading 

situation is determined by the density of the freight being shipped. The reference condition 
assumes a hypothetical fleet operating its vehicles at maximum GVW 60% of the time. 

(This value of 60% corresponds to the experience of large LTL ("less than truck load") 

fleets in the U.S.) 
b. W s s  w e m  of the innovative dolly. The CSB-dolly being operated in 

Canada weighs 680 kg (1,500 Ib) more than a conventional dolly. The LA-dolly, also 

being operated in Canada, weighs 295 kg (650 lb) more than the Adolly. 

c. Mles Der vear per dollv. In addition to predicting the frequency of preventive 
maintenance, this variable helps estimate the loss of revenue from having to cany less 
freight. The industry average for annual dolly-km is 161,000 km (100,000 mi). 

d. Freight charm. The freight charge has a direct bearing on the loss of revenue 
due to displaced cargo. Among other factors, the charge is dependent upon the distance 
and the type of freight to be shipped. For the reference condition, it is assumed that the 
charges are $58.45 per 100 kg ($26.5 1 per 100 lb) of general freight shipped over a long 

distance of 3,800 km (2360 mi). On a per kilometer basis, the general freight rate is 

$0.0153 per 100 kg per km ($0.01118 per 100 lb per mi). For the same freight class, a 
charge of $11,00 per 100 kg ($5.00 per 100 lbs) for short runs of 80 km was assumed. 
This is a rate of $0.137 per 100 kg per km ($0.10 per 100 lb per mi). Correspondingly, 

typical short haul bulk freight rates vary between $0.0018 and $0.0029 per 100 kg per km 

($0.0025 and $0.004 per 100 lb per mi). 

2. Size of thefleet. The size of the operation and the proportion of innovative dollies 

being added to the fleet determines the scheduling and training wsts a company might 
incur. The pertinent variables are: 

a. Number of innovative dollies added to the fleet. 

b. Total number of dollies owned bv the flea. 



3.  Maintenance. 
a. Cost of a maior overhaul. The cost of a major overhaul is defined as a 

percentage of the original cost of the dolly. The model assumes that a CSB-dolly 
undergoes a major overhaul every two years while an LA-dolly has a major overhaul once 

every four years. The cost of a magor overhaul for the hypothetical fleet is assumed to be 
20% of the cost of the dolly - that is, $2,625 for a CSB-dolly and $1825 for an LA- 
dolly. 

b. Cost of ureventive maintenmg. From our survey of Canadian and US fleets, 

we find A-dolly maintenance to cost the fleet operator about $625 per year. Since the 
innovative dollies would be twice as expensive with respect to preventive maintenance (that 

is, they are brought in twice as often for routine maintenance of the additional steering and 
hitching linkages), the difference in the. annual cost of preventive maintenance is estimated 

to be $625. 

4.  Number of backups per day. If a fleet operates over short distances where double- 

trailer combinations must be assembled and disassembled more than once every day, then 

the ability to back up two trailers could have an impact on the profitability of the operation. 

The reference fleet, however, does not consider backing up to be a cost-saving alternative. 

5. Accident savings. As the CSB-dolly's improved dynamic ability reduces the 

possibility of accidents, it is assumed to save the fleet operator $0.00625 per dolly per km 
($0.010 per dolly per mile). Based on similar vehicle simulations, the LA-dolly is 

assumed to save the fleet operator $0.0055 per dolly per km ($0.00875 per dolly per mile). 

These figures are estimates of direct accident costs and do not include losses from down 
time. 

6. Discount rate. The discount rate is used to reduce future cash flows to current 
amounts and is assumed to be 10% (after taxes) for the shipping and transportation 
industry. 

7. Scheduling and training. 
a. Scheduling promams and data bases. This variable attempts to address the 

single expense incurred by large fleets when scheduling-related computer programs and 
data bases are updated. A large fleet is assumed to operate at least 30 dollies. 

b. Administrative training. The training of managers and administrative personnel 
is associated with a learning curve and is defined as the training cost per CSB-dolly during 
the first year of its introduction. 



c. Driverlvard ~ersonnel training. The training of drivers and yard personnel is 

defined in a fashion similar to administrative training. As mentioned earlier, the LA-dolly 
would not affect the scheduling process and would not require any additional training of 
administrative and yard personnel. 

8. Local deliveries. Local deliveries, that is, the ability to operate on secondary roads. 
Assuming a change in regulation, a double-trailer vehicle saves the fleet operator $37.50 
for every local (off the federal highway system) trip it is allowed to make. This $37.50 

represents the cost of the extra trip needed for individually towing each trailer to the local 
delivery site. 

9. Permit to increase gross vehicle weight, Assuming a change in regulation, an 

increase in gross vehicle weight is used to offset the additional weight of the innovative 

dollies. 

DISCUSSION OF THE RESULTS 

The first column in Table 5 is used to label the economic issues outlined previously in 
this section, The following columns, titled Year 0 (the current year) through Year 9 (the 
tenth year), contain the annual cash flows resulting from each of the items mentioned in the 
first column. Negative cash flows, or expenses, are shown in parentheses. 

Net Present Value. In the model, cash flows occurring in Year 0 result from 

operational costs and one-time expenses such as purchasing, scheduling, and equipment 
conversions. Cash flows in the following years result from changes in operational costs 
only. For example, in Table 5, a fleet adding six CSB-dollies versus one adding six A- 

dollies would have to spend an additional $45,000 to cover the initial cost of the dollies. 
This cost, plus other initial investments and operational costs, results in a loss of $134,095 
in the first year of the project. During the second year, the fleet operator would lose 

$76,971.98 due to increases in operational costs alone. The Net Present Value (NPV) of 

the sum of the incremental cash flows over the life of the project results in a total negative 
cash flow of $537,492.16. 

Change in Shipping Charges. Assuming that the reference fleet were to raise its 

shipping cl.arges to cover its incremental loss, the freight charges would have to be 
increased by $0.00031 1 per 100 kg per km ($0.000224 per 100 lb per mi), as indicated 
in Table 5. The rate increase was determined for six CSB-dollies, observed over the ten- 



year period, travelling 16C,000 krn (100,000 mi) per yea. and carrying 18,000 kg (40,000 

lb) of cargo per mp. 

Change in Operating Cost. The increased operating cost of a CSB-dolly - that is, the 

NPV of the investment less the one-time costs of scheduling, purchasing, and converting 
equipment - is computed (per dolly per km (0.625 mi)) in the last row of the column of 

Year 0. It is this value (0.05175 CA dollars per dolly per km (0.08275 dollars per dolly 

per mi)) that is used as the reference value in the sensitivity analyses. 



Table 4. The variables used in the financial model in table 5 





Table 6. The variables used in the financial model in table 7 

Charge~lb/mile for fieight hauled 
LA-dollies added to the fleet 

Variable Names Values 

Total number of dollies owned 
Percent of tire wear increase over A-dolly 
Overhaul cost (percentage of initial dolly cost) 

Percentage of mps at max GVW 
Additional dolly weight 
Miles per year per dolly 

60% 
650 lbs 

100,000 miles 





Table 8. The variables used in the financial model in table 9 





Table 10. The variables used in the financial model in table 1 1 

Tot# number of dollies owned 
Percent of tire wear increase over A-dolly 
berhaul cost (percentage of initial dolly cost) 

Variable Names Values 

Driverlyard perso~e l  training (first year per dolly) 
Local deliveries m vear 

Percentage of trips at max GVW 
Additional dolly weight 
Miles per year per dolly 
Charge/lb/mile for freight hauled 
LA-dollies added to the fleet 

Overweight hauling allowance I I 19500 lbs 

60% 
650 lbs 

100,000 miles 
$0.0000325 
6 LA-dollies 



Table 1 1. Saskatchewan regulatory environment for the linked-articulation dolly, bulk freight rates 

Initial cost of dollies 

Fkventive maintenance 

A costs/benefits between A and LA-dollies 

Initial cost of dollies 
Converting existing equipment 
Major overhauls 
Tire wear 
Preventive maintenance 
Scheduling 
Training 
Ability to back up 
Less weight hauled 
Fewer accidents 
Ability t o  operate on secondary roads 
Allow higher GVW 
Total 

Year 6 

$0.00 
$0.00 
$0.00 
$0.00 

($3,750.00) 
$0.00 
$0.00 
$0.00 
$0.00 

$5,250.00 
$0.00 

$220,545.00 
$222,045.00 

Year 5 

$0.00 
$0.00 
$0.00 
$0.00 

($3,750.00) 
$0.00 
$0.00 
$0.00 
$0.00 

$5,250.00 
$0.00 

$220,545.00 
$222,045.00 

Year 7 

$0.00 
$0.00 

($4,200.00) 
$0.00 

($3,750.00) 
$0.00 
$0.00 
$0.00 
$0.00 

$5,250.00 
$0.00 

$220.545.00 
$217,845.00 

Year 8 

$0.00 
$0.00 
$0.00 
$0.00 

($3.750.00) 
$0.00 
$0.00 
$0.00 
$0.00 

$5,250.00 
$0.00 

$220,545.00 
$222,045.00 

Year 9 

$0.00 
$0.00 
$0.00 
$0.00 

($3,750.00) 
$0.00 
$0.00 
$0.00 
$0.00 

$5,250.00 
$0.00 

$220,545.00 
$222,045.00 






