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(ABSTRACT) 

A mechanical design of an ultra-light log trailer was performed. The design process necessitated the 

experimental measurement of dynamic loads exerted on a log trailer and a comprehensive stress analysis 

of the structure. 

Two light-weight, prototype, log trailers were selected to be studied, after an exhaustive survey of the 

existing designs. Finite element models (FEM) were developed for each of the trailers using three- 

dimensional tapered unsymmetrical beam elements. Static stress analysis was performed to identify 

critical spots in the structures and to estimate stresses encountered at these locations. These spots were 

selected as strain gage placements for the experimental dynamic stress analysis. 

A special data acquisition system based on the STD bus computer was designed, assembled, programmed, 

and tested for the experimental force and strain measurements. 

Experimental stress analysis of each of the selected trailers was performed. Dynamic loads and the 

resultant strains at critical locations were measured, both while simulating extreme situations, and during 

typical work cycles. The recorded service stress-time histories were then used to identify peak values of 

the maximum dynamic loading and the structure response. Stress distributions throughout the structures 

were obtained using the FEM models. The recorded service load spectra were then utilized to assess a 

fatigue life of each of the tested designs. 
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A survey of log trailers for fatigue cracks was conducted when the dynamic stress analyses indicated that a 

log trailer is most likely to fail due to repeated loading. The causes for fatigue cracking of log trailers were 

then investigated through elastic shell element FEM modeling. 

Finally, an efficient and economically feasible ultra-light design was developed based on the formulated 

recommendations. 

The most important features of the proposed design are: 

1. Reduced tare weight of 7,770 pounds. 

2. Sound structural integrity. 

3. Material of high strength and toughness used throughout. 

4. Improved fatigue resistance (e.g., welds were replaced by elastic friction joints). 

5. Movable bunks. 

6. Replaceable bolsters and standards. 

7. Constant tensioning device for load binders. 
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CHAPTER 1. INTRODUCTION 

Road transportation of roundwood is one of the most important components of forest industry operations. 

Almost all of the wood raw material in the Southeast is carried by trucks for at least part of the journey to 

the mill. Timber transportation constitutes over 50% of the total harvesting cost. 

Hauling roundwood is different from transportation of most other commodities. Timber is an extremely 

heterogeneous product. The weight, shape, volume, density, and location of gravity center of the load are 

affected by a number of highly variable factors such as stem size, species, density, moisture content, and 

loading scheme. Payload determination is difficult because wood is loaded onto trucks at remote woods 

landings, usually without the aid of weighing devices. Load redistribution after initial loading is difficult 

and impractical. Log trucks often cannot carry any other loads, and few goods require transport from a 

yard or a mill to the forest; thus return trips are always empty. This greatly affects the productivity of the 

operation. 

Log trucks and trailers work in a unique environment. They must be capable of withstanding the abuse of 

loading and unloading operations and the high energy impact loadings when driven over low-quality 

forest roads. Because there is no opportunity for loaded back hauls, the trucks must be resistant to fatigue 

due to repeated, fully reversed stresses when driven empty. Yet, they must be efficient and safe on public 

highways. 

Trucking is the most regulated part of a timber harvesting operation. To the general public, log trucks are 

the most visible element of a logging enterprise. Their appearance, along with the driver's performance, 
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often shapes public opinion regarding the whole industry. Log truck accidents are in part responsible for 

high vehicle liability insurance premiums. Improving trucking safety and controlling the costs is, 

therefore, of great interest for the forest product industry. 

Recent Trends in Timber Trucking 

Trucking has undergone many changes in recent years. Today's truck tractors are more efficient than 

those of a decade ago. New, lightweight materials are incorporated in the design of almost all tractor 

components. Fuel-efficient engines and improved aerodynamics contribute to much better fuel mileage. 

More powerful engines, better brake systems, and improved road infrastructure allow higher travel speeds, 

and increased truck productivity. 

Similar technological advancement is visible in manufacturing of trailers other than log trailers. Large 

corporate manufacturers dominate the van and flatbed trailer market. The industry has been striving to 

introduce new technology in trailer construction. A number of improvements have been achieved, for 

example the extra-light box-stressed-skin construction of aluminum van trailers similar to an aircraft 

fuselage design. 

Dramatic advancements have taken place in designing flatbed trailers as well. Some manufacturers are 

now incorporating both steel and aluminum alloys in the same load-carrying structural components 

(Stadden, 1990). All flatbed trailers sag under load, but now, instead of building the beams straight and 

then heating and bending them upward, manufacturers use automated equipment to cut the webs with an 

upward bow. The precision necessary for this process requires automated plasma-arc cutters: 1 inch 

positive camber on a 45-feet long trailer creates the required curve with a radius of a quarter of a mile. 

Bud Reitnouer of Reitnouer Inc., Reading, Pennsylvania, proposed a revolutionary design of a flatbed 
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trailer (Anonymous, 1993a). Usually, the main beams and the floor are the independent components, with 

the floor boards overlapping flanges of the main beams. The new design incorporates six heat-treated 

aluminum extrusions which snap together making a 40-inch-wide continuous top flange of the main 

beam. The two main beams are also made as aluminum extrusions and are, at one point, 26 inches deep. 

Their top parts with the wide flanges and the bottom sections of conventional design are bolted together at 

the neutral axis, where the bending stresses vanish. Both 96-inch-wide and 102-inch-wide trailers have 

the platforms made of the two 40-inch-flanges, three wooden nailers, and outside rails. Solid one-piece 

cross members are equipped with wide flanges integral to the main beam webs allowing stresses to 

distribute over a much larger area. The other interesting feature of the trailers is that they use three-piece 

floating outriggers. The outrigger braces are not rigidly attached. Instead, the aluminum tubing outriggers 

slip over a mounting bracket attached to the web. The outriggers are pressed tightly against the mounting 

bracket when a concentrated load is placed above them. If the load is placed on the opposite side of the 

trailer, the outriggers slide on the mounting bracket evenly distributing stresses through the structure, 

instead of concentrating them in the welds. Production of these trailers is increasing very rapidly both at 

the original plant in Reading and at the assembling facility of Action Equipment Co. in Moundridge, 

Kansas. 

Equipment trailers, dubbed lowboys or lowbeds, are taking advantage of high tech materials and 

manufacturing processes. Many of these trailers are now constructed with 100 ksi minimum yield 

strength, heat-treated, quenched and tempered alloy steel main beams which have a tapered design 

applied to both the web and the flanges (Anonymous, 1993b). The beams have large oval cutouts located 

in webs at the neutral axis for weight reduction. The 16-tire Murray Trailer has an expandable rear bogie 

to achieve the maximum payload under California permit regulations. Air cylinders expand the rear axles 

outboard from their normal 102-inch width to 120 inches. 
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Unfortunately, log trailer design and manufacture lag behind. The log trailer market is only a tiny niche of 

the whole truck trailer market in the US--log trailers constitute less than 1% of the total number of trailers 

sold every year. This market is dominated by a large number of small manufacturers. Large trailer 

manufacturers are reluctant to enter the market because they cannot compete with the low overheads of 

small welding shops and their ability to meet the customization requests of the customer. Increases in 

liability costs for the small manufacturers may open this market niche for the large players in the future. 

Currently heavy, all welded log trailers, made of easily available, low-, and medium-strength standard 

structural stock, prevail in the Southeast. Many of the manufacturers and loggers have started various 

trailer weight reduction programs, but all these activities are based on experience and common sense. 

Most lack the expertise, technical support, and infrastructure for comprehensive product redesign and 

testing. 

Timber hauling has become increasingly expensive in the last several years. Vehicle ownership costs and 

operating expenses have been on the rise. These increases cannot be easily offset by gains in productivity. 

In general, a truck productivity depends on the average truck speed, payload. haul distance, and loading, 

unloading, and turn-around time. Maximum gross vehicle weight (GVW), vehicle overall dimensions, and 

maximum speed are restricted by law, and the loading, unloading and turn-around times are beyond the 

driver's control. 

Other factors add complexity to the situation. The Federal Bridge Formula requires a precise weight 

distribution on truck and trailer axles (US DOT, 1982). The characteristics of timber hauled by log trucks 

have been gradually changing. The forest products raw material base in the South is shifting from natural 

to plantation stands. This results in harvesting smaller, shorter trees, and the load often reaches the legal 

height limit before GVW is approached. 
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Log - truck Transport Safety 

Log transport safety is at least as important as economical performance, and it is becoming one of the 

tougher issues. A close examination of the equipment and methods used in log trucking shows that, in 

many instances, obsolete and sometimes even unsafe equipment is being used (Wilson, 1990). 

Cantilevered treetops overhanging the rear of the trailer, flexing freely and covering trailer tail lights 

create a serious hazard to other drivers. Log trucks cross and drive on public roads. Any failure in the rig 

can directly affect people not involved in the logging industry. News reports seldom describe the contents 

of a closed van if the truck pulling it is involved in an accident. Logs are visible and easy to describe and 

consequently commonly mentioned. A single accident changes the image of the industry in the minds of 

the general public. Log truck safety includes many issues: reliable truck and trailer design and 

manufacture, safe and convenient load securing devices, and safe operating practices are just a few. Log 

truck safety should be a top priority of every operator. If it is not, the forest products industry will continue 

to face regulatory threats and the loss of trucking privileges. 

Increasing Average Payload 

Given the operating environment of log trucks, there are only a few strategies available to control the 

costs. A rational strategy, from the operator's standpoint, would be to minimize per mile operating costs 

and maximize average payload. Operating costs depend on the equipment selection, the quality of 

maintenance practices, road conditions, and driving style. These areas have been explored by the forest 

products and truck manufacturing industries and a number of improvements have been introduced. It is 
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unlikely that significant gains in trucking profitability can be made by reducing owning and operating 

costs in the near future. Consequently, optimizing load sizes within the legal constraints imposed by local, 

state, and federal authorities is the only way available for cost control. 

The payload of a log truck is usually limited for one of three reasons (Beardsell, 1986). First, the vehicle 

may be loaded to the point where its weight reaches the legislated GVW or axle weight limits. In this 

case, payload can be increased by decreasing the weight of the truck and trailer or configuring it so that 

axle weight limits are not exceeded before the GVW limit is reached. Secondly, payload may be limited 

due to uncertainty about how much wood has been loaded onto the truck. High fines for occasional 

overloading often make it uneconomical to aim for higher payloads. Mounting on board scales is a 

solution to this problem. The third limit on payload is when the load reaches legislated limits on height, 

width, or length before the GVW limit is reached. All these are common in harvesting plantation stands. 

The options are either to design a trailer with increased available loading space, or to adopt different 

loading strategies. 

It follows that a new log trailer, characterized by: (1) a low tare weight coupled with safe performance, (2) 

axle configuration and spacing ensuring weight distribution in compliance with the existing restrictions, 

and finally, (3) increased loading space, would be a solution to achieve higher payload. 

Reducing Trailer Tare Weight 

Reducing a trailer tare weight by about 20% can increase an average payload of a log trailer by one half of 

a cord, provided the trailer is able to accommodate the larger volume. Such an increase in a trailer 
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payload translates to a system cost savings of $0.53 per cord for one of Westvaco's primary contractors in 

a typical plantation (Carruth, 1991). If the logger moves 40,000 cords of a plantation pine a year, he can 

save $21,200 a year. For a company buying 1.5 million tons of this material annually, the contractors’ 

savings would amount to about $318,000 a year. 

Scalehouse surveys carried out in the Southeast showed great variability in vehicle tare weight, indicating 

the potential of increasing a payload by careful trailer design. However, reductions in tare weight do not 

necessarily translate pound for pound in increased payload (Beardsell, 1986). 

Tare weight reductions are achieved through careful truck and trailer selection, elimination of 

unnecessary equipment, and introduction of lightweight materials. All these are useful only if the vehicle 

is consistently able to attain the maximum legal GVW. An increased payload must not compromise safety 

of the operation. 

A more comprehensive approach to the problem involves a complete engineering design process. The 

design of a lightweight trailer should be preceded by experimental measurements of the dynamic loadings 

exerted on the structure, and thorough stress analysis of existing designs. 

Finally, it has been concluded that: 

1) there is a need for a new extra-light log trailer design; 

2) experimental measurement of dynamic loadings acting on a trailer should be the starting point for such 

a design task; 
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3) the design should be based on thorough stress analyses to assure safe operation; 

4) the design must be resistant to fatigue; 

5) the design must be economically feasible; 

6) axle configuration and spacing should ensure weight distribution in compliance with existing 

restrictions; 

7) the trailer should have an increased loading space. 

Study Objectives 

In 1991, the Industrial Forestry Operations Research Cooperative (IFO Coop) in Virginia Tech's 

Department of Forestry originated a research project focusing on lightweight log trailer design. The study 

was supported by International Paper, Procter and Gamble Cellulose, and other major forest products 

industry companies. The overall objective was to increase an average payload of a log trailer by 

decreasing a tare weight, and at the same time, to ensure its safe performance. 

Four specific objectives were set forth for this research: 

1) To use real time measurement techniques to record dynamic loadings and the resultant strains at 

critical points in log trailers under various work conditions; 
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2) To build Finite Element Models (FEM) and perform static and modal analyses of selected log 

trailer designs; 

3) To transform field strain data into stress distributions and model dynamic performance of the 

structures; 

4) To formulate recommendations for an extra-light log trailer design capable of economical and 

safe timber transportation; 

In the course of the project, a need for the fast implementation of the findings was identified by the 

sponsoring forest products industry. Therefore, the study has been expanded to include the actual design 

of an extra-light log trailer which would incorporate most, if not all, of the formulated recommendations, 

and have a tare weight reduced by at least 25%. The design is considered to be the ultimate outcome of the 

study. 
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CHAPTER 2. LITERATURE REVIEW 

This study is a continuation of research previously carried out at the Department of Forestry at Virginia 

Tech. In the last several years, the IFO Coop has supported a number of projects which addressed various 

aspects of trucking performance, efficiency, and safety (Stuart, 1992). Most recently, McCormack (1991) 

investigated impacts of the equipment choice, the work assignment, the road surface, the route, and the 

driver on the log truck performance. He used a specially designed and built computer data logging 

equipment for on-line automatic measurement of the vehicle speed and fuel consumption. Beardsell 

(1986) took a detailed look at how truck-trailer configurations and loads could be modified to increase the 

payload moved. Gains from improved loading practices, the use of on-board scales, and scalehouse data 

feedback were researched by Overboe (1988). Keesee (1990) investigated ways to recluce the amount of 

mud transferred to public roads by better woods road design and the installation of mud scrapers. 

This literature review has been primarily based on, but not limited to, the previous IFO research, and 

concentrates on the subjects most crucial for the problem of extra-light log trailer design. It has been 

organized into the following sections: 

1. Constraints on log trucking. 

2. Trailer loading techniques. 

3. Weight distribution models. 

4. Truck-trailer configurations. 

5. Frame trailer specifications. 

5. Tare weight reduction. 
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�F�i�g�u�r�e� �1�.� �E�x�a�m�p�l�e� �o�f� �t�h�e� �F�e�d�e�r�a�l� �B�r�i�d�g�e� �G�r�o�s�s� �W�e�i�g�h�t� �F�o�r�m�u�l�a� �A�p�p�l�i�e�d� �t�o� �a� �§�-�A�x�l�e� �T�r�a�c�t�o�r� �T�r�a�i�l�e�r� 

�(�f�r�o�m� �B�e�a�r�d�s�e�l�l�,� �1�9�8�6�)�.� 
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�P�h�y�s�i�c�a�l� �C�o�n�s�t�r�a�i�n�t�s� 

�T�h�e� �m�a�x�i�m�u�m� �l�e�g�a�l� �p�a�y�l�o�a�d� �o�f� �a� �t�r�u�c�k� �i�s� �c�o�n�s�t�r�a�i�n�e�d� �b�y� �b�o�t�h� �t�h�e� �l�e�g�a�l� �G�V�W� �a�n�d� �a� �v�e�h�i�c�l�e� �t�a�r�e� �w�e�i�g�h�t�.� �A� 

�l�o�a�d�i�n�g� �s�p�a�c�e� �o�n� �t�h�e� �f�r�o�n�t� �b�u�n�k� �i�s� �l�i�m�i�t�e�d� �b�y� �t�h�e� �o�v�e�r�a�l�l� �l�e�g�a�l� �h�e�i�g�h�t� �a�n�d� �w�i�d�t�h�,� �l�o�c�a�t�i�o�n� �h�e�i�g�h�t� �o�f� �t�h�e� 

�k�i�n�g�p�i�n�,� �m�a�i�n� �b�e�a�m� �d�e�p�t�h� �a�t� �t�h�e� �t�r�a�i�l�e�r� �f�r�o�n�t� �e�n�d�,� �a�n�d� �d�i�m�e�n�s�i�o�n�s� �o�f� �s�t�a�n�d�a�r�d�s� �a�n�d� �b�o�l�s�t�e�r�s�.� �S�i�m�i�l�a�r�l�y�,� �a� 

�l�o�a�d�i�n�g� �s�p�a�c�e� �o�n� �t�h�e� �s�e�c�o�n�d� �b�u�n�k� �i�s� �c�o�n�s�t�r�a�i�n�e�d� �b�y� �t�h�e� �l�e�g�a�l� �h�e�i�g�h�t� �a�n�d� �w�i�d�t�h�,� �t�h�e� �c�l�e�a�r�a�n�c�e� �u�n�d�e�r� �t�h�e� 

�t�r�a�i�l�e�r�,� �t�h�e� �m�a�i�n� �b�e�a�m� �d�e�p�t�h�,� �a�n�d� �t�h�e� �r�e�q�u�i�r�e�d� �c�l�e�a�r�a�n�c�e� �b�e�t�w�e�e�n� �l�o�g�s� �a�n�d� �t�h�e� �f�r�a�m�e�.� �S�i�m�p�l�y� �r�e�d�u�c�i�n�g� 

�d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �l�o�a�d� �c�a�r�r�y�i�n�g� �s�t�r�u�c�t�u�r�a�l� �m�e�m�b�e�r�s� �o�f� �t�h�e� �t�r�a�i�l�e�r�,� �a�n�d� �t�h�u�s� �t�h�e� �t�a�r�e� �w�e�i�g�h�t�,� �c�o�u�l�d� 

�a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t� �i�t�s� �s�t�r�u�c�t�u�r�a�l� �i�n�t�e�g�r�i�t�y�.� �A� �c�o�m�p�r�e�h�e�n�s�i�v�e� �s�t�r�e�s�s� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �t�r�a�i�l�e�r� �h�a�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d� 

�t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�o�a�d�i�n�g� �e�x�e�r�t�e�d� �o�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �t�h�e� �r�e�s�u�l�t�a�n�t� �s�t�r�e�s�s�e�s�.� �T�h�i�s� �a�p�p�r�o�a�c�h�,� �a�n�d� �t�h�e� �u�s�e� �o�f� 

�h�i�g�h� �s�t�r�e�n�g�t�h� �m�a�t�e�r�i�a�l�s� �a�r�e� �p�r�o�v�e�n� �t�e�c�h�n�i�q�u�e�s� �o�f� �s�u�c�c�e�s�s�f�u�l� �w�e�i�g�h�t� �s�a�v�i�n�g� �i�n� �o�t�h�e�r� �i�n�d�u�s�t�r�i�e�s�.� 

�W�o�o�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�l�s�o� �d�i�r�e�c�t�l�y� �a�f�f�e�c�t� �t�h�e� �p�a�y�l�o�a�d�.� �F�i�r�s�t�,� �t�h�e� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �o�f� �t�r�e�e�-�l�e�n�g�t�h� �m�a�t�e�r�i�a�l� 

�m�a�y� �f�a�l�l� �s�u�c�h� �t�h�a�t� �t�h�e� �t�r�a�c�t�o�r� �o�r� �t�r�a�i�l�e�r� �t�a�n�d�e�m� �a�x�l�e� �w�e�i�g�h�t� �l�i�m�i�t�s� �a�r�e� �r�e�a�c�h�e�d� �b�e�f�o�r�e� �t�h�e� �G�V�W� �i�s� �a�t�t�a�i�n�e�d� 

�(�W�a�t�s�o�n� �a�n�d� �M�a�t�n�e�y�,� �1�9�8�1�)�.� �S�e�c�o�n�d�l�y�,� �s�m�a�l�l� �t�r�e�e�s� �h�a�v�e� �l�o�w� �s�p�e�c�i�f�i�c� �g�r�a�v�i�t�y�,� �l�o�w� �s�t�a�c�k�i�n�g� �d�e�n�s�i�t�i�e�s�,� �a�n�d� 

�s�h�o�r�t� �l�e�n�g�t�h�s�,� �w�h�i�c�h� �m�a�y� �r�e�s�u�l�t� �i�n� �t�h�e� �l�e�g�a�l� �h�e�i�g�h�t� �b�e�i�n�g� �r�e�a�c�h�e�d� �b�e�f�o�r�e� �t�h�e� �G�V�W� �l�i�m�i�t� �(�I�z�l�a�r�,� �1�9�8�3�)�.� 

�T�h�e�r�e�f�o�r�e�,� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �l�o�c�a�t�i�o�n� �a�n�d� �t�h�e� �w�e�i�g�h�t� �o�f� �t�r�e�e�s� �t�h�a�t� �c�a�n� �b�e� �p�a�c�k�e�d� �i�n� �a� �g�i�v�e�n� �v�o�l�u�m�e� �a�r�e� �o�f� 

�t�h�e� �p�r�i�m�a�r�y� �i�n�t�e�r�e�s�t� �i�n� �t�r�a�i�l�e�r� �d�e�s�i�g�n�.� 

�M�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �p�r�e�d�i�c�t�i�o�n� �e�q�u�a�t�i�o�n�s� �f�o�r� �t�r�e�e� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �l�o�c�a�t�i�o�n� �(�S�t�e�i�n�h�i�l�b� �a�n�d� 

�E�r�i�c�k�s�o�n�,� �1�9�7�0� �a�n�d� �1�9�7�2�;� �F�o�r�d�,� �1�9�7�6�;� �W�a�t�s�o�n� �a�n�d� �M�a�t�n�e�y�,� �1�9�8�4�)�.� �W�a�t�s�o�n� �a�n�d� �M�a�t�n�e�y�'�s� �m�o�d�e�l� �a�c�c�o�u�n�t�e�d� 

�f�o�r� �t�h�e� �f�a�c�t� �t�h�a�t� �a� �l�o�g� �h�a�d� �a� �s�e�c�t�i�o�n� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �b�u�t�t� �e�n�d� �o�f� �a� �t�r�e�e� �o�r� �t�h�a�t� �t�h�e� �s�t�e�m�s� �o�n� �t�h�e� �t�r�u�c�k� �w�e�r�e� 

�t�r�i�m�m�e�d� �t�o� �v�a�r�i�o�u�s� �t�o�p� �d�i�a�m�e�t�e�r�s�.� 
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�B�e�a�r�d�s�e�l�l� �(�1�9�8�6�)� �d�e�r�i�v�e�d� �a� �f�o�r�m�u�l�a� �f�o�r� �t�h�e� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �t�r�e�e� �b�u�t�t� �o�f� �a�n�y� �l�o�g� �c�u�t� �f�r�o�m� 

�a� �s�t�e�m� �o�f� �s�o�u�t�h�e�r�n� �p�i�n�e�,� �e�x�p�r�e�s�s�e�d� �a�s� �a� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �s�t�e�m� �l�e�n�g�t�h� �(�c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �p�e�r�c�e�n�t� 

�C�G�P�)�.� �H�e� �u�t�i�l�i�z�e�d� �t�h�e� �v�o�l�u�m�e� �r�a�t�i�o� �e�q�u�a�t�i�o�n� �d�e�v�e�l�o�p�e�d� �b�y� �C�a�o� �a�n�d� �B�u�r�k�h�a�r�t� �(�1�9�8�0�)�,� �w�h�i�c�h� �a�s�s�u�m�e�d� �t�h�a�t� 

�t�h�e� �g�r�e�e�n� �d�e�n�s�i�t�y� �i�s� �c�o�n�s�t�a�n�t� �a�l�o�n�g� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �s�t�e�m�.� 

�B�e�a�r�d�s�e�l�l� �p�r�e�d�i�c�t�e�d� �C�G�P� �f�o�r� �u�n�t�o�p�p�e�d� �p�l�a�n�t�e�d� �a�n�d� �n�a�t�u�r�a�l� �s�t�e�m�s� �t�o� �b�e� �2�9�%� �a�n�d� �3�1�%� �o�f� �t�h�e� �l�o�g� �l�e�n�g�t�h� 

�f�r�o�m� �t�h�e� �b�u�t�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A�s� �m�o�r�e� �o�f� �t�h�e� �t�o�p� �o�f� �t�h�e� �t�r�e�e� �i�s� �r�e�m�o�v�e�d�,� �t�h�e� �C�G�P� �f�o�r� �t�h�e� �r�e�m�a�i�n�i�n�g� �l�o�g� 

�a�p�p�r�o�a�c�h�e�s� �5�0�%�.� �R�e�m�o�v�i�n�g� �a� �1�2�-�f�o�o�t� �l�o�g� �f�r�o�m� �a� �6�0�-�f�o�o�t�-�l�o�n�g� �t�r�e�e� �s�t�e�m� �f�r�o�m� �a� �n�a�t�u�r�a�l� �s�t�a�n�d� �i�n�c�r�e�a�s�e�s� 

�C�G�P� �f�r�o�m� �3�0�.�6�%� �t�o� �3�6�.�4�%�.� 

�T�h�e� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �o�f� �a� �l�o�a�d� �o�f� �t�r�e�e�-�l�e�n�g�t�h� �s�t�e�m�s� �d�e�p�e�n�d�s� �n�o�t� �o�n�l�y� �o�n� �l�o�c�a�t�i�o�n�s� �o�f� �c�e�n�t�e�r�s� �o�f� �g�r�a�v�i�t�y� �o�f� 

�t�h�e� �i�n�d�i�v�i�d�u�a�l� �s�t�e�m�s�,� �b�u�t� �a�l�s�o� �o�n� �h�o�w� �t�h�e� �s�t�e�m�s� �a�r�e� �l�o�a�d�e�d� �o�n�t�o� �t�h�e� �t�r�a�i�l�e�r�.� �B�e�a�r�d�s�e�l�l� �(�1�9�8�6�)� �i�n�v�e�s�t�i�g�a�t�e�d� 

�t�h�e� �l�o�c�a�t�i�o�n� �o�f� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �o�f� �a� �t�r�e�e�-�l�e�n�g�t�h� �l�o�a�d� �f�o�r� �t�h�e� �t�h�r�e�e� �f�o�l�l�o�w�i�n�g� �l�o�a�d�i�n�g� �s�c�h�e�m�e�s�:� 

�1�.� �B�u�t�t�s� �a�l�i�g�n�e�d� �i�n� �o�n�e� �v�e�r�t�i�c�a�l� �p�l�a�n�e�.� 

�2�.� �C�e�n�t�e�r�s� �o�f� �g�r�a�v�i�t�y� �a�l�i�g�n�e�d� �i�n� �o�n�e� �v�e�r�t�i�c�a�l� �p�l�a�n�e�.� 

�3�.� �S�t�e�m�s� �r�a�n�d�o�m�l�y� �s�t�a�g�g�e�r�e�d�.� 

�H�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �i�t� �i�s� �n�o�t� �p�o�s�s�i�b�l�e� �t�o� �p�r�e�d�i�c�t� �t�h�e� �l�o�a�d� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �l�o�c�a�t�i�o�n� �a�c�c�u�r�a�t�e�l�y� �b�y� �a�n�y� �p�r�a�c�t�i�c�a�l� 

�p�r�o�c�e�d�u�r�e�,� �a�n�d� �s�u�g�g�e�s�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�u�l�e�s� �o�f� �t�h�u�m�b� �w�h�i�c�h� �m�a�y� �b�e� �u�s�e�f�u�l� �i�n� �t�r�a�i�l�e�r� �d�e�s�i�g�n� �a�n�d� 

�p�r�e�d�i�c�t�i�o�n� �o�f� �a�x�l�e� �w�e�i�g�h�t�s�:� 

�1�.� �T�h�e� �l�o�a�d� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �s�h�o�u�l�d� �l�i�e� �b�e�t�w�e�e�n� �3�0�%� �a�n�d� �4�0�%� �o�f� �t�h�e� �t�o�t�a�l� �l�o�a�d� �l�e�n�g�t�h� �f�r�o�m� �t�h�e� �b�u�t�t� �e�n�d� �o�f� 

�t�h�e� �l�o�a�d� �f�o�r� �l�o�a�d�s� �o�f� �t�r�e�e�-�l�e�n�g�t�h� �s�t�e�m�s� �w�i�t�h� �b�u�t�t�s� �i�n� �t�h�e� �s�a�m�e� �d�i�r�e�c�t�i�o�n�.� 
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�2�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �w�i�l�l� �b�e� �s�m�a�l�l�e�r� �f�o�r� �b�u�t�t� �a�l�i�g�n�e�d� �s�t�e�m�s� �o�f� �v�a�r�i�a�b�l�e� �l�e�n�g�t�h�s�.� 

�3�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �w�i�l�l� �b�e� �g�r�e�a�t�e�r� �f�o�r� �l�a�r�g�e�r� �t�o�p� �d�i�a�m�e�t�e�r�s�,� �r�a�n�d�o�m�l�y� �s�t�a�g�g�e�r�e�d� �s�t�e�r�a�s�,� �a�n�d� �t�r�e�e�s� �f�r�o�m� 

�n�a�t�u�r�a�l� �s�t�a�n�d�s�.� 

�T�h�e� �w�e�i�g�h�t� �o�f� �s�t�e�m�s� �l�o�a�d�e�d� �i�n�s�i�d�e� �a� �g�i�v�e�n� �b�u�n�k� �a�r�e�a� �i�s� �g�r�e�a�t�l�y� �i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �t�r�e�e� �s�t�a�c�k�i�n�g� �d�e�n�s�i�t�y�.� 

�L�a�v�o�i�e� �(�1�9�8�0�)� �d�e�f�i�n�e�d� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �e�f�f�e�c�t�i�v�e� �o�c�c�u�p�a�n�c�y� �(�C�O�)� �a�s� �a� �r�a�t�i�o� �o�f� �t�h�e� �t�o�t�a�l� �a�r�e�a� �o�c�c�u�p�i�e�d� �b�y� 

�t�h�e� �t�r�e�e� �b�u�t�t�s� �t�o� �t�h�e� �o�v�e�r�a�l�l� �a�v�a�i�l�a�b�l�e� �l�o�a�d�i�n�g� �a�r�e�a�.� �H�e� �f�o�u�n�d� �t�h�a�t� �f�o�r� �s�t�e�m�s� �o�f� �t�h�e� �s�a�m�e� �b�u�t�t� �d�i�a�m�e�t�e�r�,� �C�O� 

�i�s� �a� �l�i�n�e�a�r� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �d�i�a�m�e�t�e�r�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �w�a�s� �n�o�t� �t�h�o�r�o�u�g�h�l�y� �e�x�p�l�a�i�n�e�d� �a�n�d� �h�a�d� �t�h�e� 

�p�r�o�p�e�r�t�y� �o�f� �a�l�l�o�w�i�n�g� �C�O� �v�a�l�u�e� �t�o� �e�x�c�e�e�d� �1�.� �L�a�v�o�i�e� �u�s�e�d� �t�h�e� �e�s�t�i�m�a�t�e� �a�l�o�n�g� �w�i�t�h� �s�t�e�m� �v�o�l�u�m�e� �e�q�u�a�t�i�o�n�s�,� 

�a�n�d� �a�s�s�u�m�e�d� �s�p�e�c�i�f�i�c� �g�r�a�v�i�t�y� �t�o� �p�r�e�d�i�c�t� �m�a�x�i�m�u�m� �p�a�y�l�o�a�d�s� �f�o�r� �a� �r�a�n�g�e� �o�f� �t�r�e�e� �a�n�d� �b�u�n�k�:� �s�i�z�e�s�.� 

�B�e�a�r�d�s�e�l�l� �(�1�9�8�6�)� �b�u�i�l�t� �f�i�v�e� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�s� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �C�O� �a�n�d� �t�h�e� �b�u�t�t� 

�d�i�a�m�e�t�e�r� �f�o�r� �l�o�a�d�s� �o�f� �p�l�a�n�t�a�t�i�o�n� �g�r�o�w�n� �l�o�b�l�o�l�l�y� �p�i�n�e�.� �H�e� �e�x�p�e�r�i�m�e�n�t�a�l�l�y� �e�s�t�i�m�a�t�e�d� �p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e�s�e� 

�e�x�p�r�e�s�s�i�o�n�s� �a�n�d� �c�o�m�p�a�r�e�d� �t�h�e�i�r� �a�c�c�u�r�a�c�y�.� �A� �h�y�p�e�r�b�o�l�i�c� �r�e�l�a�t�i�o�n�s�h�i�p� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �t�h�e� �b�e�s�t� �b�y� �a�l�l� 

�s�e�l�e�c�t�i�o�n� �c�r�i�t�e�r�i�a�.� �A� �g�r�e�e�n�-�w�e�i�g�h�t�-�p�e�r�-�s�t�e�m� �e�s�t�i�m�a�t�e� �b�y� �B�u�r�k�h�a�r�t� �e�t� �a�l�.� �(�1�9�7�2�)� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d� �t�o� �e�s�t�i�m�a�t�e� 

�t�h�e� �w�e�i�g�h�t� �o�f� �s�t�e�m�s� �p�e�r� �s�q�u�a�r�e� �f�o�o�t� �o�f� �b�u�n�k� �a�r�e�a�.� �F�i�n�a�l�l�y�,� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �g�r�e�e�n� �w�e�i�g�h�t� �p�e�r� �u�n�i�t� 

�a�r�e�a� �o�f� �t�h�e� �b�u�n�k�,� �t�h�e� �b�u�t�t� �d�i�a�m�e�t�e�r�,� �a�n�d� �t�o�t�a�l� �t�r�e�e� �h�e�i�g�h�t� �w�a�s� �d�e�r�i�v�e�d� �(�F�i�g�u�r�e� �2�)�.� �I�t� �c�a�n� �b�e� �u�t�i�l�i�z�e�d� �t�o� �a�s�s�e�s�s� 

�t�h�e� �s�t�a�t�i�c� �w�e�i�g�h�t� �a�c�t�i�n�g� �o�n� �t�h�e� �t�r�a�i�l�e�r� �b�o�l�s�t�e�r�s� �a�n�d� �s�t�a�n�d�a�r�d�s� �o�f� �t�h�e� �g�i�v�e�n� �g�e�o�m�e�t�r�y�.� 

�T�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �c�a�n� �b�e� �a�l�s�o� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� �t�h�e� �b�r�e�a�k� �p�o�i�n�t� �b�e�t�w�e�e�n� �t�h�e� �G�V�W� �a�n�d� �b�u�n�k� �a�r�e�a� �l�i�m�i�t�s� �o�n� 

�p�a�y�l�o�a�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �t�h�e� �t�r�u�c�k� �t�a�r�e� �w�e�i�g�h�t� �i�s� �2�8�,�0�0�0� �p�o�u�n�d�s�,� �t�h�e� �8�0�,�0�0�0� �p�o�u�n�d�s� �l�e�g�a�l� �G�V�W� �l�i�m�i�t� �w�i�l�l� 

�g�i�v�e� �a� �m�a�x�i�m�u�m� �l�e�g�a�l� �p�a�y�l�o�a�d� �o�f� �5�2�,�0�0�0� �p�o�u�n�d�s�.� �I�f� �t�h�e� �t�r�a�i�l�e�r� �h�a�s� �a� �f�r�o�n�t� �b�u�n�k� �a�r�e�a� �o�f� �6�5� �s�q�u�a�r�e� �f�e�e�t� �a�n�d� 

�l�o�g�s� �a�r�e� �l�o�a�d�e�d� �b�u�t�t�s� �f�i�r�s�t�,� �t�h�e�n� �a� �s�t�a�c�k�i�n�g� �d�e�n�s�i�t�y� �o�f� �8�0�0� �p�o�u�n�d�s� �p�e�r� �s�q�u�a�r�e� �f�o�o�t� �o�f� �e�n�d� �a�r�e�a� �w�o�u�l�d� �b�e� 

�n�e�e�d�e�d� �f�o�r� �t�h�e� �l�e�g�a�l� �p�a�y�l�o�a�d� �t�o� �b�e� �f�u�l�l�y� �u�t�i�l�i�z�e�d�.� 
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�B�U�T�T� �D�I�A�M�E�T�E�R� �(�i�n�c�h�e�s�)� 

�F�i�g�u�r�e� �2�.� �R�e�s�p�o�n�s�e� �o�f� �G�r�e�e�n� �W�e�i�g�h�t�/�S�q�.�F�t�.� �o�f� �B�u�n�k� �A�r�e�a� �t�o� �B�u�t�t� �D�i�a�m�e�t�e�r� �a�n�d� �T�o�t�a�l� �T�r�e�e� �H�e�i�g�h�t� 

�(�a�f�t�e�r� �B�e�a�r�d�s�e�l�l�,� �1�9�8�6�)�.� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �1�8



�F�o�r� �a�n�y� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�o�t�a�l� �t�r�e�e� �h�e�i�g�h�t� �a�n�d� �b�u�t�t� �d�i�a�m�e�t�e�r� �l�y�i�n�g� �a�b�o�v�e� �t�h�e� �8�0�0� �p�o�u�n�d�s� �p�e�r� �s�q�u�a�r�e� �f�o�o�t� 

�c�o�n�t�o�u�r� �i�n� �F�i�g�u�r�e� �2�,� �t�h�e� �G�V�W� �l�i�m�i�t� �w�i�l�l� �b�e� �r�e�a�c�h�e�d� �b�e�f�o�r�e� �t�h�e� �h�e�i�g�h�t� �l�i�m�i�t�,� �a�n�d� �v�i�c�e�-�v�e�r�s�a�.� 

�T�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �m�o�d�e�l� �r�e�s�u�l�t�e�d� �i�n� �o�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� �o�b�s�e�r�v�a�t�i�o�n�s�:� 

�1�.� �A�s� �t�r�e�e� �s�i�z�e� �d�e�c�r�e�a�s�e�s�,� �w�i�t�h� �o�t�h�e�r� �p�a�r�a�m�e�t�e�r�s� �r�e�m�a�i�n�i�n�g� �c�o�n�s�t�a�n�t�,� �t�h�e� �m�a�x�i�m�u�m� �p�a�y�l�o�a�d� �d�e�c�r�e�a�s�e�s� 

�r�a�p�i�d�l�y�.� 

�2�.� �L�o�a�d� �o�f� �l�o�g�s� �c�o�n�t�a�i�n�e�d� �i�n� �a� �g�i�v�e�n� �b�u�n�k� �i�s� �h�i�g�h�l�y� �s�e�n�s�i�t�i�v�e� �t�o� �b�u�t�t� �f�l�a�r�e� �a�n�d� �t�h�e� �p�a�y�l�o�a�d� �c�a�n� �b�e� �g�r�e�a�t�l�y� 

�i�n�c�r�e�a�s�e�d� �b�y� �s�t�a�g�g�e�r�i�n�g� �t�h�e� �s�t�e�m�s�.� 

�3�.� �P�l�a�c�i�n�g� �b�u�t�t�s� �a�h�e�a�d� �o�f� �t�h�e� �b�o�l�s�t�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�s� �t�h�e� �p�a�y�l�o�a�d� �o�n� �a� �g�i�v�e�n� �b�u�n�k�.� 

�S�y�s�t�e�m� �C�o�n�s�t�r�a�i�n�t�s� 

�S�y�s�t�e�m� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �t�i�m�b�e�r� �t�r�u�c�k�i�n�g� �i�n�c�l�u�d�e� �t�h�e� �f�o�r�m� �o�f� �t�h�e� �p�r�o�d�u�c�t� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �h�a�r�v�e�s�t�i�n�g� �s�y�s�t�e�m�,� 

�t�h�e� �l�o�a�d�i�n�g� �e�q�u�i�p�m�e�n�t� �i�n� �t�h�e� �w�o�o�d�s�,� �t�h�e� �r�o�a�d� �n�e�t�w�o�r�k� �t�h�e� �t�r�u�c�k� �m�u�s�t� �t�r�a�v�e�l�,� �a�n�d� �t�h�e� �w�o�o�d�y�a�r�d� �a�n�d� 

�p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m�s� �a�t� �t�h�e� �m�i�l�l�.� 

�O�l�d�e�r� �s�o�u�t�h�e�r�n� �p�u�l�p�m�i�l�l�s� �c�o�u�l�d� �a�c�c�e�p�t� �o�n�l�y� �5�-�f�o�o�t� �3�-� �i�n�c�h� �s�h�o�r�t�w�o�o�d� �t�h�a�t� �w�o�u�l�d� �f�i�t� �o�n� �a� �r�a�i�l� �c�a�r� �(�I�l�I�z�a�r�,� 

�1�9�8�3�)�.� �I�n� �r�e�c�e�n�t� �y�e�a�r�s�,� �m�a�n�y� �o�f� �t�h�e�s�e� �w�o�o�d�y�a�r�d�s� �h�a�v�e� �b�e�e�n� �c�o�n�v�e�r�t�e�d� �t�o� �h�a�n�d�l�e� �r�a�n�d�o�m�-�l�e�n�g�t�h� �a�n�d� �t�r�e�e�-� 

�l�e�n�g�t�h� �m�a�t�e�r�i�a�l� �a�s� �w�e�l�l�.� 

�H�y�d�r�a�u�l�i�c� �k�n�u�c�k�l�e�b�o�o�m� �l�o�a�d�e�r�s� �a�r�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �l�o�a�d�e�r�s� �c�a�p�a�b�l�e� �o�f� �h�a�n�d�l�i�n�g� �l�o�n�g�w�o�o�d� �u�s�e�d� �f�o�r� �i�n�-� 

�w�o�o�d�s� �o�p�e�r�a�t�i�o�n� �i�n� �t�h�e� �S�o�u�t�h�e�a�s�t�.� �S�o�m�e� �l�o�g�g�e�r�s� �w�h�o� �h�a�v�e� �s�m�a�l�l� �l�o�a�d�e�r�s� �u�s�e� �a� �l�o�a�d�i�n�g� �t�e�c�h�n�i�q�u�e� �w�h�i�c�h� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �1�9



�r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�e� �l�o�a�d�e�r� �d�r�a�g� �s�t�e�m�s� �a�r�o�u�n�d� �t�h�e� �f�r�o�n�t� �o�r� �r�e�a�r� �s�t�a�n�d�a�r�d�.� �B�e�c�a�u�s�e� �o�f� �t�h�a�t�,� �s�t�a�n�d�a�r�d�s� �m�u�s�t� �h�a�v�e� 

�s�u�f�f�i�c�i�e�n�t� �s�t�i�f�f�n�e�s�s� �t�o� �w�i�t�h�s�t�a�n�d� �t�h�e�s�e� �l�a�r�g�e� �l�a�t�e�r�a�l� �f�o�r�c�e�s� �c�o�u�p�l�e�d� �w�i�t�h� �b�e�n�d�i�n�g� �m�o�m�e�n�t�s�.� �T�h�e� �s�e�c�o�n�d� �m�o�s�t� 

�c�o�m�m�o�n� �l�o�a�d�e�r� �u�s�e�d� �a�t� �t�h�e� �l�a�n�d�i�n�g� �i�s� �t�h�e� �f�r�o�n�t�-�e�n�d�-�l�o�a�d�e�r�.� �A�l�t�h�o�u�g�h�,� �i�t� �u�s�e�s� �a� �d�i�f�f�e�r�e�n�t� �l�o�a�d�i�n�g� 

�t�e�c�h�n�i�q�u�e�,� �i�t� �i�s� �e�v�e�n� �m�o�r�e� �a�b�u�s�i�v�e� �t�o� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �m�e�m�b�e�r�s� �o�f� �t�h�e� �t�r�a�i�l�e�r� �t�h�a�n� �a� �k�n�u�c�k�l�e�b�o�o�m� �l�o�a�d�e�r�.� 

�T�h�e� �c�i�r�c�u�l�a�r�-�b�o�o�m� �l�o�a�d�e�r�,� �t�h�e� �m�o�b�i�l�e� �l�o�g� �s�t�a�c�k�e�r�,� �a�n�d� �t�h�e� �p�o�r�t�a�l� �c�r�a�n�e� �a�r�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �m�i�l�l� 

�u�n�l�o�a�d�i�n�g� �m�a�c�h�i�n�e�s�.� �E�a�c�h� �t�y�p�e� �o�f� �t�h�e�s�e� �t�h�r�e�e� �m�a�c�h�i�n�e�s� �u�s�u�a�l�l�y� �h�a�s� �d�i�f�f�e�r�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �l�o�g� 

�c�l�e�a�r�a�n�c�e� �a�b�o�v�e� �t�h�e� �t�r�a�i�l�e�r� �f�r�a�m�e�.� �T�y�p�i�c�a�l�l�y�,� �a�t� �l�e�a�s�t� �1�2� �i�n�c�h�e�s� �o�f� �o�p�e�n� �s�p�a�c�e� �i�s� �n�e�e�d�e�d� �t�o� �p�e�r�m�i�t� �t�h�e� 

�p�a�s�s�i�n�g� �o�f� �f�o�r�k�s� �o�r� �g�r�a�p�p�l�e� �t�o�n�g�s� �u�n�d�e�r� �t�h�e� �l�o�a�d�.� �Q�u�i�t�e� �o�f�t�e�n�,� �t�h�e�s�e� �h�u�g�e� �m�a�c�h�i�n�e�s� �w�r�e�c�k� �t�r�a�i�l�e�r�s� �d�u�e� �t�o� 

�b�a�d� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �p�o�o�r� �v�i�s�i�b�i�l�i�t�y�,� �o�r� �s�i�m�p�l�y� �d�u�e� �t�o� �c�a�r�e�l�e�s�s�n�e�s�s� �o�f� �t�h�e� �o�p�e�r�a�t�o�r�.� �B�o�t�h� �b�e�t�t�e�r� �t�r�a�i�l�e�r� 

�d�e�s�i�g�n� �a�n�d� �g�r�e�a�t�e�r� �a�w�a�r�e�n�e�s�s� �o�f� �l�o�a�d�e�r� �o�p�e�r�a�t�o�r�s� �c�a�n� �d�e�c�r�e�a�s�e� �t�h�e� �n�u�m�b�e�r� �o�f� �s�u�c�h� �i�n�c�i�d�e�n�t�s�.� 

�T�r�a�i�l�e�r� �L�o�a�d�i�n�g� �T�e�c�h�n�i�q�u�e�s� 

�W�h�e�n� �s�m�a�l�l� �t�r�e�e�s� �a�r�e� �h�a�u�l�e�d�,� �t�h�e� �m�a�x�i�m�u�m� �p�a�y�l�o�a�d� �i�s� �u�s�u�a�l�l�y� �l�i�m�i�t�e�d� �b�y� �t�h�e� �l�e�g�a�l� �h�e�i�g�h�t� �r�a�t�h�e�r� �t�h�a�n� �b�y� 

�g�r�o�s�s� �v�e�h�i�c�l�e� �w�e�i�g�h�t� �o�f� �8�0�,�0�0�0� �p�o�u�n�d�s�.� �W�o�o�d� �s�u�p�p�l�i�e�r�s� �i�n� �L�o�u�i�s�i�a�n�a� �w�h�o� �s�p�e�c�i�a�l�i�z�e� �i�n� �f�i�r�s�t� �t�h�i�n�n�i�n�g� 

�o�p�e�r�a�t�i�o�n�s� �u�s�e� �a� �m�e�t�h�o�d� �o�f� �l�o�a�d�i�n�g� �t�w�o� �t�i�e�r�s� �o�f� �t�r�e�e�-�l�e�n�g�t�h� �m�a�t�e�r�i�a�l� �o�n� �a� �f�o�u�r�-�b�o�l�s�t�e�r� �t�r�a�i�l�e�r�,� �w�i�t�h� �t�h�e� �b�a�c�k� 

�t�i�e�r� �o�r�i�e�n�t�e�d� �s�o� �t�h�a�t� �b�u�t�t�s� �f�a�c�e� �t�h�e� �r�e�a�r� �(�N�o�l�e�n�,� �1�9�9�2�)�.� �T�w�e�l�v�e�-� �t�o� �f�i�f�t�e�e�n�-�y�e�a�r�-�o�l�d� �p�l�a�n�t�a�t�i�o�n� �l�o�b�l�o�l�l�y� �p�i�n�e� 

�t�r�e�e�s� �h�a�r�v�e�s�t�e�d� �i�n� �f�i�r�s�t� �t�h�i�n�n�i�n�g� �a�v�e�r�a�g�e� �6� �i�n�c�h�e�s� �D�B�H� �a�n�d� �2�8� �f�e�e�t� �i�n� �l�e�n�g�t�h�.� �S�i�n�g�l�e� �t�i�e�r� �l�o�a�d�s� �o�n� �a� 

�c�o�n�v�e�n�t�i�o�n�a�l� �p�o�l�e� �t�r�a�i�l�e�r�s� �u�s�u�a�l�l�y� �c�o�n�t�a�i�n� �2�7�5� �t�o� �3�0�0� �s�t�e�m�s� �p�e�r� �t�r�u�c�k�l�o�a�d�,� �a�n�d� �p�r�o�d�u�c�e� �m�a�x�i�m�u�m� �p�a�y�l�o�a�d� 

�b�e�l�o�w� �t�h�e� �l�e�g�a�l� �G�V�W� �l�i�m�i�t�.� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�0



�A� �d�o�u�b�l�e�-�t�i�e�r� �l�o�a�d�i�n�g� �t�e�c�h�n�i�q�u�e� �i�s� �u�s�e�d� �t�o� �e�n�a�b�l�e� �l�o�g�g�e�r�s� �t�o� �a�t�t�a�i�n� �f�u�l�l� �l�e�g�a�l� �p�a�y�l�o�a�d� �a�n�d� �i�m�p�r�o�v�e� �h�a�u�l�i�n�g� 

�p�r�o�d�u�c�t�i�v�i�t�y�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �t�e�c�h�n�i�q�u�e� �s�l�o�w�s� �d�o�w�n� �t�h�e� �u�n�l�o�a�d�i�n�g� �o�p�e�r�a�t�i�o�n� �b�y� �a� �f�a�c�t�o�r� �o�f� �t�w�o�,� �a�n�d� �s�o�m�e� �o�f� 

�t�h�e� �u�n�l�o�a�d�i�n�g� �s�y�s�t�e�m�s� �c�a�n�n�o�t� �h�a�n�d�l�e� �i�t�.� �A� �4�0�-�f�o�o�t� �l�o�n�g� �f�o�u�r�-�b�o�l�s�t�e�r� �t�r�a�i�l�e�r� �i�s� �u�s�e�d�.� �T�h�i�r�t�y� �t�o� �f�o�r�t�y� �p�e�r�c�e�n�t� 

�o�f� �t�h�e� �t�o�t�a�l� �l�o�a�d� �o�f� �t�r�e�e�-�l�e�n�g�t�h� �s�t�e�m�s� �a�r�e� �f�i�r�s�t� �l�o�a�d�e�d� �o�n� �t�h�e� �r�e�a�r� �b�u�n�k�,� �w�i�t�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�2� �f�e�e�t� �o�f� 

�o�v�e�r�h�a�n�g� �a�n�d� �t�h�e� �b�u�t�t�s� �f�a�c�i�n�g� �t�h�e� �r�e�a�r�.� �A� �t�r�a�i�l�e�r�-�w�i�d�t�h� �l�o�g� �i�s� �p�l�a�c�e�d� �a�c�r�o�s�s� �t�h�e� �t�o�p�s� �o�f� �t�h�e� �b�a�c�k� �t�i�e�r�,� �j�u�s�t� 

�b�e�h�i�n�d� �t�h�e� �s�e�c�o�n�d� �b�o�l�s�t�e�r� �t�o� �a�v�o�i�d� �t�o�p�s� �b�e�i�n�g� �e�n�t�a�n�g�l�e�d� �w�i�t�h� �t�h�e� �s�e�c�o�n�d� �t�i�e�r� �o�f� �w�o�o�d�.� �T�h�e� �f�r�o�n�t� �b�u�n�k� �i�s� 

�t�h�e�n� �l�o�a�d�e�d�,� �b�u�t�t�s� �f�o�r�w�a�r�d�,� �w�i�t�h� �t�h�e� �r�e�m�a�i�n�i�n�g� �6�0�%� �t�o� �7�0�%� �o�f� �t�h�e� �t�o�t�a�l� �l�o�a�d�.� �T�h�i�s� �d�o�u�b�l�e�-�t�i�e�r� �m�e�t�h�o�d� �o�f� 

�l�o�a�d�i�n�g� �m�a�x�i�m�i�z�e�s� �t�h�e� �p�a�y�l�o�a�d�.� �I�t� �a�l�l�o�w�s� �a�t�t�a�i�n�i�n�g� �t�h�e� �G�V�W� �o�f� �8�0�,�0�0�0� �p�o�u�n�d�s� �b�y� �f�i�l�l�i�n�g� �t�h�e� �e�x�i�s�t�i�n�g� 

�l�o�a�d�i�n�g� �s�p�a�c�e� �a�n�d� �a�l�s�o� �m�o�v�e�s� �t�h�e� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �o�f� �t�h�e� �l�o�a�d� �t�o� �t�h�e� �r�e�a�r�,� �b�a�l�a�n�c�i�n�g� �t�h�e� �l�o�a�d� �b�e�t�w�e�e�n� �t�h�e� 

�f�r�o�n�t� �a�n�d� �r�e�a�r� �a�x�l�e�s�.� �T�h�i�s� �l�o�a�d�i�n�g� �t�e�c�h�n�i�q�u�e� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �s�a�f�e�r�,� �a�s� �t�h�e� �o�v�e�r�h�a�n�g� �i�s� �l�i�m�i�t�e�d� �t�o� �1�2� �f�e�e�t� 

�a�n�d� �c�o�n�s�i�s�t�s� �o�f� �s�t�i�f�f�e�r� �s�e�c�t�i�o�n�s� �o�f� �t�r�e�e�s�.� 

�I�n� �1�9�8�7�,� �F�o�r�e�s�t� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e� �o�f� �C�a�n�a�d�a� �(�F�E�R�I�C�)� �c�o�n�d�u�c�t�e�d� �a� �s�t�u�d�y� �t�o� �c�o�m�p�a�r�e� �t�h�e� �t�o�t�a�l� �c�o�s�t� �o�f� 

�t�i�m�b�e�r� �t�r�u�c�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�u�m�p� �t�o� �t�h�e� �m�i�l�l� �f�o�r� �t�w�o� �a�l�t�e�r�n�a�t�i�v�e� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�i�e�s�:� �b�u�t�t�s�-�f�i�r�s�t� �a�n�d� �m�i�x�e�d�-� 

�b�u�t�t�s� �l�o�a�d�i�n�g� �t�e�c�h�n�i�q�u�e�s� �(�C�l�a�r�k� �a�n�d� �G�i�l�e�s�,� �1�9�8�8�)�.� �T�h�e� �p�r�o�j�e�c�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� �B�r�i�t�i�s�h� �C�o�l�u�m�b�i�a� �a�n�d� 

�c�o�n�s�i�s�t�e�d� �o�f� �t�h�r�e�e� �p�h�a�s�e�s�.� �D�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �o�n�e�,� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �h�a�u�l�i�n�g� �p�r�o�d�u�c�t�i�v�i�t�y� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �f�o�r� 

�t�h�r�e�e� �t�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�:� �a� �2�-�a�x�l�e� �p�o�l�e� �t�r�a�i�l�e�r�,� �a� �3�-�a�x�l�e� �d�o�g�l�o�g�g�e�r�,� �a�n�d� �a� �3�-�a�x�l�e� �t�r�a�c�t�o�r�-�j�e�e�p� �t�r�a�i�l�e�r� �p�u�l�l�e�d� 

�b�y� �a� �3�-�a�x�l�e� �t�r�a�c�t�o�r� �i�n� �e�a�c�h� �c�a�s�e�.� �E�a�c�h� �t�r�i�a�l� �w�a�s� �r�e�p�e�a�t�e�d� �f�o�r� �t�w�o� �l�o�g� �l�e�n�g�t�h�s�:� �1�5� �a�n�d� �1�9� �m�e�t�e�r�s� �(�4�9� �a�n�d� �6�2� 

�f�e�e�t�)�.� �F�o�u�r� �t�y�p�e�s� �o�f� �l�o�a�d�i�n�g� �e�q�u�i�p�m�e�n�t� �w�e�r�e� �t�e�s�t�e�d�:� �W�a�g�n�e�r� �L�1�2�0� �l�o�g� �s�t�a�c�k�e�r�,� �C�a�t�e�r�p�i�l�l�a�r� �2�1�5� �a�n�d� �P�r�e�n�t�i�c�e� 

�6�0�0� �k�n�u�c�k�l�e�-�b�o�o�m� �l�o�a�d�e�r�s�,� �a�n�d� �C�a�t�e�r�p�i�l�l�a�r� �9�8�0�B� �f�r�o�n�t�-�e�n�d�-�l�o�a�d�e�r�.� �T�h�e� �p�r�e�d�o�r�n�i�n�a�n�t� �s�p�e�c�i�e�s� �w�a�s� 

�l�o�d�g�e�p�o�l�e� �p�i�n�e�.� �T�h�e� �s�e�c�o�n�d� �p�h�a�s�e� �m�o�n�i�t�o�r�e�d� �w�o�o�d�y�a�r�d� �a�c�t�i�v�i�t�i�e�s� �a�t� �a� �m�i�l�l� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �l�o�g�-� 

�b�u�t�t� �o�r�i�e�n�t�a�t�i�o�n� �o�n� �w�o�o�d�y�a�r�d� �e�q�u�i�p�m�e�n�t� �p�r�o�d�u�c�t�i�v�i�t�y� �a�n�d� �l�o�g� �b�r�e�a�k�a�g�e�.� �T�h�e� �l�a�s�t� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �s�t�u�d�y� 

�w�a�s� �d�e�s�i�g�n�e�d� �t�o� �d�e�t�e�c�t� �c�h�a�n�g�e�s� �i�n� �t�h�e� �L�u�m�b�e�r� �R�e�c�o�v�e�r�y� �F�a�c�t�o�r� �(�L�R�F�)� �d�u�e� �t�o� �a�l�t�e�r�n�a�t�e� �l�o�g� �o�r�i�e�n�t�a�t�i�o�n� �a�t� �a� 

�s�a�w�m�i�l�l�.� �L�o�a�d�i�n�g� �o�p�e�r�a�t�i�o�n� �o�n� �l�a�n�d�i�n�g� �w�a�s� �c�l�o�s�e�l�y� �m�o�n�i�t�o�r�e�d�.� �T�h�e� �o�p�e�r�a�t�i�o�n� �w�a�s� �s�t�o�p�p�e�d� �w�h�e�n�e�v�e�r� �t�h�e� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�1



�o�v�e�r�a�l�l� �h�e�i�g�h�t� �l�i�m�i�t�,� �g�r�o�s�s� �v�e�h�i�c�l�e�,� �o�r� �g�r�o�s�s� �a�x�l�e� �w�e�i�g�h�t� �l�i�m�i�t�s� �w�e�r�e� �r�e�a�c�h�e�d� �(�e�a�c�h� �t�r�u�c�k� �w�a�s� �e�q�u�i�p�p�e�d� �w�i�t�h� 

�o�n�-�b�o�a�r�d� �s�c�a�l�e�s�)�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �s�t�u�d�y� �s�h�o�w�e�d� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�r�o�d�u�c�t�i�v�i�t�y� �b�e�t�w�e�e�n� �b�u�t�t�s�-�f�i�r�s�t� �a�n�d� �m�i�x�e�d�-�b�u�t�t�s� 

�l�o�a�d�i�n�g� �s�t�r�a�t�e�g�i�e�s� �f�o�r� �1�5�-�m�e�t�e�r�-�l�o�n�g� �l�o�g�s�.� �H�o�w�e�v�e�r�,� �a� �H�i�t�a�c�h�i� �U�H�1�2�2� �l�o�a�d�e�r� �h�a�d� �t�o� �r�e�p�o�s�i�t�i�o�n� �t�h�e� �g�r�a�p�p�l�e� 

�d�u�e� �t�o� �i�n�s�u�f�f�i�c�i�e�n�t� �b�o�o�m�-�r�e�a�c�h� �w�h�e�n� �l�o�a�d�i�n�g� �1�9�-�m�e�t�e�r�-�l�o�n�g� �l�o�g�s�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �l�o�n�g�e�r� �(�a�b�o�u�t� �5� 

�m�i�n�u�t�e�s�)� �l�o�a�d�i�n�g� �t�i�m�e�s�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �t�h�i�s� �d�i�d� �n�o�t� �h�a�v�e� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� �i�n�f�l�u�e�n�c�e� �o�n� �e�i�t�h�e�r� �t�r�u�c�k� �t�r�i�p� �t�i�m�e�s� 

�o�r� �d�a�i�l�y� �l�o�a�d�i�n�g� �p�r�o�d�u�c�t�i�v�i�t�y�.� 

�T�h�e� �m�i�x�e�d�-�b�u�t�t� �l�o�a�d�i�n�g� �s�c�h�e�m�e� �i�n�c�r�e�a�s�e�d� �t�h�e� �m�a�x�i�m�u�m� �p�a�y�l�o�a�d� �b�y� �2�%� �f�o�r� �t�h�e� �p�o�l�e� �t�r�a�i�l�e�r� �l�o�a�d�e�d� �w�i�t�h� 

�s�h�o�r�t�e�r� �l�o�g�s�,� �a�n�d� �b�y� �1�4�%� �f�o�r� �t�h�e� �d�o�g�l�o�g�g�e�r� �l�o�a�d�e�d� �w�i�t�h� �l�o�n�g�e�r� �s�t�e�m�s�.� �W�i�t�h� �a�l�l� �b�u�t�t�s� �f�i�r�s�t�,� �o�n�l�y� �t�h�e� �p�o�l�e� 

�t�r�a�i�l�e�r� �c�o�u�l�d� �a�c�h�i�e�v�e� �m�a�x�i�m�u�m� �l�e�g�a�l� �p�a�y�l�o�a�d� �w�i�t�h� �1�5�-�m�e�t�e�r�-�l�o�n�g� �l�o�g�s�,� �a�n�d� �n�o�n�e� �c�f� �t�h�e� �t�e�s�t�e�d� �t�r�u�c�k�s� 

�a�t�t�a�i�n�e�d� �t�h�e� �f�u�l�l� �l�e�g�a�l� �G�V�W� �w�i�t�h� �t�h�e� �1�9�-�m�e�t�e�r�-�l�o�n�g� �s�t�e�m�s�.� �H�o�w�e�v�e�r�,� �a�l�l� �t�h�e� �t�h�r�e�e� �t�r�a�i�l�e�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� 

�t�e�s�t�e�d� �w�e�r�e� �a�b�l�e� �t�o� �a�t�t�a�i�n� �t�h�e� �f�u�l�l� �l�e�g�a�l� �l�o�a�d� �w�h�e�n� �b�u�t�t�s� �w�e�r�e� �m�i�x�e�d�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �l�o�g� �l�e�n�g�t�h�.� 

�R�e�d�u�c�i�n�g� �t�h�e� �a�l�l�o�w�a�b�l�e� �m�a�x�i�m�u�m� �r�e�a�r� �b�u�n�k� �o�v�e�r�h�a�n�g� �f�r�o�m� �6� �t�o� �5� �m�e�t�e�r�s� �f�u�r�t�h�e�r� �r�e�d�u�c�e�d� �a�n� �a�v�e�r�a�g�e� 

�p�a�y�l�o�a�d� �f�o�r� �b�u�t�t�s�-�f�i�r�s�t� �h�a�u�l�i�n�g� �b�y� �1�.�9�%� �f�o�r� �a� �d�o�g�l�o�g�g�e�r� �t�r�a�i�l�e�r�,� �a�n�d� �b�y� �5�.�7�%� �f�o�r� �a� �t�r�a�c�t�o�r�-�j�e�e�p� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�.� 

�B�u�t�t� �o�r�i�e�n�t�a�t�i�o�n� �h�a�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �w�o�o�d�y�a�r�d� �e�q�u�i�p�m�e�n�t�.� �L�o�g� �b�r�e�a�k�a�g�e� 

�i�n�c�r�e�a�s�e�d� �o�n�l�y� �f�o�r� �t�h�e� �k�n�u�c�k�l�e�-�b�o�o�m� �l�o�a�d�e�r�s�.� �L�o�g�s� �h�a�n�d�l�e�d� �b�y� �t�o�p�s� �w�o�u�l�d� �b�r�e�a�k� �w�i�t�h� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� 

�f�r�o�m� �2�%� �t�o� �1�3�%� �f�o�r� �t�h�e� �l�o�a�d�e�r�s� �t�e�s�t�e�d�.� �H�o�w�e�v�e�r�,� �h�i�g�h�d�e�c�k�i�n�g� �b�u�n�d�l�e�d� �t�r�u�c�k� �l�o�a�d�s� �w�i�t�h� �t�h�e� �W�a�g�n�e�r� �L�1�2�0� 

�s�t�a�c�k�e�r� �r�e�d�u�c�e�d� �l�o�g� �b�r�e�a�k�a�g�e� �b�y� �1�0�%� �o�v�e�r� �t�h�e� �s�o�r�t�i�n�g� �a�n�d� �h�i�g�h�d�e�c�k�i�n�g� �w�i�t�h� �k�n�u�c�k�l�e�-�b�o�o�m� �l�o�a�d�e�r�s�.� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�2



�F�i�n�a�l�l�y�,� �t�h�e� �t�o�t�a�l� �l�a�n�d�i�n�g�-�t�o�-�m�i�l�l� �e�c�o�n�o�m�i�c� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �t�w�o� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�i�e�s� �p�r�o�v�e�d� �t�h�a�t� �a�n�n�u�a�l� �n�e�t� 

�s�a�v�i�n�g�s� �o�f� �a�b�o�u�t� �8�0�4�,�0�0�0� �C�a�n�a�d�i�a�n� �d�o�l�l�a�r�s� �(�$�1�.�7�9� �p�e�r� �c�u�b�i�c� �m�e�t�e�r�)� �w�o�u�l�d� �b�e� �a�c�h�i�e�v�e�d� �d�u�e� �t�o� �t�h�e� �m�i�x�e�d�-� 

�b�u�t�t�s� �s�c�h�e�m�e�.� 

�B�e�a�r�d�s�e�l�l� �(�1�9�8�6�)� �e�x�p�e�r�i�m�e�n�t�e�d� �w�i�t�h� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�i�e�s�.� �A� �t�r�i�a�l� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� 

�w�h�i�c�h� �t�h�e� �s�a�m�e� �s�t�e�m�s� �w�e�r�e� �l�o�a�d�e�d� �o�n� �a� �d�o�u�b�l�e�-�b�u�n�k� �t�r�a�i�l�e�r� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�c�h�e�m�e�s�:� �c�o�n�v�e�n�t�i�o�n�a�l�,� 

�t�o�p� �o�n�e�-�q�u�a�r�t�e�r� �l�a�y�e�r� �s�t�e�p�p�e�d� �b�a�c�k� �t�o� �a� �s�e�c�o�n�d� �s�t�a�n�d�a�r�d�,� �b�u�t�t�s� �s�t�a�g�g�e�r�e�d�,� �c�o�m�b�i�n�e�d� �r�a�n�d�o�m� �l�e�n�g�t�h� �a�n�d� 

�l�o�n�g�w�o�o�d�,� �d�o�u�b�l�e� �b�u�n�k� �r�a�n�d�o�m� �l�e�n�g�t�h�,� �a�n�d� �b�u�t�t� �t�o� �t�o�p� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�i�e�s�.� 

�T�h�e� �t�e�c�h�n�i�q�u�e� �o�f� �d�r�o�p�p�i�n�g� �t�h�e� �t�o�p� �o�n�e�-�q�u�a�r�t�e�r� �t�o� �o�n�e�-�t�h�i�r�d� �o�f� �t�h�e� �l�o�a�d� �b�a�c�k� �t�o� �t�h�e� �s�e�c�o�n�d� �p�a�i�r� �o�f� �s�t�a�n�d�a�r�d�s� 

�h�a�s� �b�e�e�n� �u�s�e�d� �b�y� �U�n�i�o�n� �C�a�m�p� �C�o�m�p�a�n�y� �i�n� �G�e�o�r�g�i�a� �f�o�r� �s�t�e�m�s� �f�r�o�m� �f�i�n�a�l� �h�a�r�v�e�s�t� �o�f� �a�b�o�u�t� �5�0� �f�e�e�t� �i�n� �l�e�n�g�t�h�.� 

�B�e�a�r�d�s�e�l�l� �r�e�p�o�r�t�e�d� �a� �p�a�y�l�o�a�d� �i�n�c�r�e�a�s�e� �b�y� �1�3�%� �t�o� �1�5�%� �w�i�t�h� �t�h�i�s� �l�o�a�d�i�n�g� �s�c�h�e�m�e�.� �B�e�s�i�d�e�s� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� 

�b�u�n�k� �o�c�c�u�p�a�n�c�y�,� �t�h�i�s� �s�t�r�a�t�e�g�y� �i�m�p�r�o�v�e�s� �a�x�l�e� �w�e�i�g�h�t� �d�i�s�t�r�i�b�u�t�i�o�n� �b�y� �t�r�a�n�s�f�e�r�r�i�n�g� �m�o�r�e� �w�e�i�g�h�t� �t�o� �t�h�e� �t�r�a�i�l�e�r� 

�t�a�n�d�e�m�s�-�-�t�h�e� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �o�f� �t�h�e� �l�o�a�d� �w�a�s� �f�o�u�n�d� �t�o� �m�o�v�e� �2� �t�o� �3� �f�e�e�t� �t�o� �t�h�e� �r�e�a�r�.� �T�h�e� �t�e�c�h�n�i�q�u�e� �h�a�d� �n�o� 

�e�f�f�e�c�t� �o�n� �a� �i�n�-�w�o�o�d�s� �l�o�a�d�e�r� �p�r�o�d�u�c�t�i�v�i�t�y�.� �I�t� �w�a�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �u�n�l�o�a�d�i�n�g� �o�p�e�r�a�t�i�o�n� �w�o�u�l�d� �b�e� �u�n�a�f�f�e�c�t�e�d� 

�i�f� �t�h�e� �l�o�a�d� �c�o�u�l�d� �b�e� �h�a�n�d�l�e�d� �a�s� �a� �s�i�n�g�l�e� �u�n�i�t�.� �P�o�s�s�i�b�l�e� �p�r�o�b�l�e�m�s� �c�o�u�l�d� �o�c�c�u�r� �i�f� �t�h�e� �w�o�o�d�y�a�r�d� �r�e�q�u�i�r�e�d� �b�u�t�t� 

�a�l�i�g�n�m�e�n�t� �t�o� �f�a�c�i�l�i�t�a�t�e� �r�e�c�l�a�i�m� �f�r�o�m� �i�n�v�e�n�t�o�r�y�,� �o�r� �b�e�c�a�u�s�e� �o�f� �a� �s�l�a�s�h�e�r� �d�e�s�i�g�n�.� 

�S�t�a�g�g�e�r�i�n�g� �b�u�t�t�s� �o�n� �a� �t�r�a�i�l�e�r� �h�a�s� �b�e�e�n� �u�s�e�d� �b�y� �W�e�y�e�r�h�a�e�u�s�e�r� �C�o�m�p�a�n�y� �i�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �w�i�t�h� �t�r�e�e�-�l�e�n�g�t�h� 

�p�i�n�e� �t�h�i�n�n�i�n�g� �m�a�t�e�r�i�a�l� �o�f� �a�n� �a�v�e�r�a�g�e� �l�e�n�g�t�h� �o�f� �3�5� �f�e�e�t�.� �T�h�i�s� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�y� �o�f�f�e�r�s� �a�b�o�u�t� �1�8�%� �g�r�e�a�t�e�r� 

�p�a�y�l�o�a�d� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �b�u�t�t�s�-�f�i�r�s�t� �s�c�h�e�m�e�.� �E�s�s�e�n�t�i�a�l�l�y�,� �t�h�i�s� �s�t�r�a�t�e�g�y� �h�a�s� �t�h�e� �s�a�m�e� 

�a�d�v�a�n�t�a�g�e�s� �a�s� �t�h�e� �s�e�t� �b�a�c�k� �m�e�t�h�o�d�.� �L�o�a�d�i�n�g� �a�n�d� �u�n�l�o�a�d�i�n�g� �p�r�o�d�u�c�t�i�v�i�t�i�e�s� �w�e�r�e� �p�r�a�c�t�i�c�a�l�l�y� �u�n�a�f�f�e�c�t�e�d�,� �b�u�t� 

�a�g�a�i�n� �i�f� �t�h�e� �w�o�o�d�y�a�r�d� �r�e�q�u�i�r�e�s� �p�r�e�c�i�s�e� �b�u�t�t� �a�l�i�g�n�m�e�n�t�,� �t�h�i�s� �t�e�c�h�n�i�q�u�e� �m�a�y� �b�e� �i�m�p�r�a�c�t�i�c�a�l�.� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�3



�L�o�g�g�e�r�s� �d�e�l�i�v�e�r�i�n�g� �w�o�o�d� �t�o� �C�a�t�a�w�b�a� �T�i�m�b�e�r� �C�o�m�p�a�n�y� �i�n� �S�o�u�t�h� �C�a�r�o�l�i�n�a� �o�f�t�e�n� �l�o�a�d� �t�h�e� �r�e�a�r� �t�r�a�i�l�e�r� �b�u�n�k� 

�o�n�e�-�t�h�i�r�d� �t�o� �o�n�e�-�h�a�l�f� �o�f� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�s� �w�i�t�h� �r�a�n�d�o�m� �l�e�n�g�t�h� �l�o�n�g�w�o�o�d� �a�n�d� �t�h�e�n� �p�l�a�c�e� �t�r�e�e�-� 

�l�e�n�g�t�h� �s�t�e�m�s� �o�n� �t�h�e� �t�r�a�i�l�e�r� �i�n� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �m�a�n�n�e�r�.� �T�h�i�s� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�y� �i�n�c�r�e�a�s�e�s� �t�h�e� �p�a�y�l�o�a�d� �b�y� 

�a�b�o�u�t� �2�5�%�.� �H�o�w�e�v�e�r�,� �r�e�d�u�c�t�i�o�n�s� �i�n� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �b�o�t�h� �l�o�a�d�i�n�g� �a�n�d� �u�n�l�o�a�d�i�n�g� �o�p�e�r�a�t�i�o�n�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.� 

�T�h�e� �t�e�c�h�n�i�q�u�e� �o�f� �l�o�a�d�i�n�g� �t�w�o� �b�u�n�k�s� �w�i�t�h� �r�a�n�d�o�m�-�l�e�n�g�t�h� �l�o�g�s� �c�o�u�l�d� �i�n�c�r�e�a�s�e� �t�h�e� �m�a�x�i�m�u�m� �p�a�y�l�o�a�d� �b�y� �a�s� 

�m�u�c�h� �a�s� �3�0�%�.� �H�o�w�e�v�e�r�,� �c�u�r�r�e�n�t�l�y� �i�t� �i�s� �s�e�l�d�o�m� �i�m�p�l�e�m�e�n�t�e�d�,� �b�e�c�a�u�s�e� �i�t� �s�a�c�r�i�f�i�c�e�s� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�r�e�e�-� 

�l�e�n�g�t�h� �h�a�n�d�l�i�n�g�.� 

�B�e�a�r�d�s�e�l�l� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �b�u�t�t� �t�o� �t�o�p� �l�o�a�d�i�n�g� �i�n� �t�w�o� �t�i�e�r�s� �o�f�f�e�r�s� �t�h�e� �g�r�e�a�t�e�s�t� �l�o�a�d� �s�p�a�c�e� �u�t�i�l�i�z�a�t�i�o�n� �(�u�p� �t�o� 

�3�5�%�)�,� �b�u�t� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e� �m�a�y� �p�r�e�s�e�n�t� �t�h�e� �b�i�g�g�e�s�t� �b�a�r�r�i�e�r�s� �t�o� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� �T�h�e� �w�e�i�g�h�t� �t�r�a�n�s�f�e�r�r�e�d� �t�o� 

�t�h�e� �t�r�a�i�l�e�r� �t�a�n�d�e�m�s� �i�s� �t�h�e� �g�r�e�a�t�e�s�t� �o�f� �a�l�l� �t�h�e� �t�e�s�t�e�d� �a�l�t�e�r�n�a�t�i�v�e�s�,� �a�n�d� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �v�a�r�y�i�n�g� �t�h�e� 

�p�e�r�c�e�n�t�a�g�e�s� �o�f� �s�t�e�m�s� �l�o�a�d�e�d� �i�n� �e�a�c�h� �d�i�r�e�c�t�i�o�n�.� �S�e�r�i�o�u�s� �l�o�a�d�e�r� �p�r�o�d�u�c�t�i�v�i�t�y� �r�e�d�u�c�t�i�o�n�s� �c�a�n� �b�e� �a�v�o�i�d�e�d� �b�y� 

�s�k�i�d�d�i�n�g� �t�r�e�e�s� �o�n�t�o� �t�h�e� �l�a�n�d�i�n�g� �f�r�o�m� �t�w�o� �d�i�r�e�c�t�i�o�n�s�.� �A�l�s�o�,� �b�u�t�t� �t�o� �t�o�p� �l�o�a�d�i�n�g� �i�s� �e�a�s�i�e�r� �i�f� �t�h�e� �t�r�a�c�t�o�r� �i�s� �n�o�t� 

�a�t�t�a�c�h�e�d� �t�o� �t�h�e� �t�r�a�i�l�e�r� �d�u�r�i�n�g� �t�h�e� �l�o�a�d�i�n�g� �o�p�e�r�a�t�i�o�n� �a�l�l�o�w�i�n�g� �s�t�e�m�s� �t�o� �b�e� �d�r�a�g� �l�o�a�d�e�d� �f�r�o�m� �b�o�t�h� �d�i�r�e�c�t�i�o�n�s�.� 

�C�o�m�m�o�n� �o�b�j�e�c�t�i�o�n�s� �t�o� �t�h�i�s� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�y� �i�n�c�l�u�d�e� �j�a�c�k�s�t�r�a�w�i�n�g� �d�u�r�i�n�g� �u�n�l�o�a�d�i�n�g� �a�n�d� �r�e�c�l�a�i�m� 

�o�p�e�r�a�t�i�o�n�s�,� �l�e�s�s� �e�f�f�i�c�i�e�n�t� �u�s�e� �o�f� �c�i�r�c�u�l�a�r� �s�t�o�r�a�g�e� �s�y�s�t�e�m�s�,� �a�n�d� �h�a�n�g�-�u�p�s� �i�n� �t�h�e� �s�l�a�s�h�e�r� �d�e�c�k� �a�n�d� �c�o�n�v�e�y�e�r� 

�s�y�s�t�e�m�.� �A�l�l� �o�f� �t�h�e�s�e� �d�i�f�f�i�c�u�l�t�i�e�s� �c�a�n� �b�e� �e�l�i�m�i�n�a�t�e�d� �b�y� �s�w�i�t�c�h�i�n�g� �b�u�t�t�s� �i�n� �t�h�e� �s�a�m�e� �d�i�r�e�c�t�i�o�n� �d�u�r�i�n�g� 

�u�n�l�o�a�d�i�n�g�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �i�s� �e�a�s�i�l�y� �f�a�c�i�l�i�t�a�t�e�d� �b�y� �s�e�p�a�r�a�t�i�n�g� �t�h�e� �o�p�p�o�s�i�t�e�l�y� �f�o�r�m�e�d� �t�i�e�r�s� �w�i�t�h� �t�w�o� �l�o�g�s� �l�a�i�d� 

�c�r�o�s�s�w�i�s�e� �o�n� �t�h�e� �f�i�r�s�t� �p�i�l�e�.� �T�h�e�n� �a� �f�r�o�n�t�-�e�n�d�-�l�o�a�d�e�r� �c�a�n� �e�a�s�i�l�y� �p�i�c�k� �o�f�f� �e�a�c�h� �t�i�e�r� �s�e�p�a�r�a�t�e�l�y�.� �T�h�e� �s�a�m�e� 

�p�r�o�c�e�d�u�r�e� �c�a�n� �b�e� �u�s�e�d� �w�i�t�h� �a�n� �o�v�e�r�h�e�a�d� �p�o�r�t�a�l� �c�r�a�n�e� �w�i�t�h�o�u�t� �t�h�e� �t�r�u�c�k� �r�e�p�o�s�i�t�i�o�n�i�n�g� �i�f� �t�h�e� �s�e�p�a�r�a�t�i�n�g� 

�c�r�o�s�s� �l�o�g�s� �a�r�e� �l�a�r�g�e� �e�n�o�u�g�h�.� �H�o�w�e�v�e�r�,� �i�n� �b�o�t�h� �c�a�s�e�s� �o�p�e�r�a�t�i�o�n� �t�i�m�e�s� �w�o�u�l�d� �b�e� �d�o�u�b�l�e�d� �f�o�r� �s�i�n�g�l�e�-�g�r�i�p� 

�u�n�l�o�a�d�e�r�s�.� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�4



�A�f�t�e�r� �t�h�i�s� �e�x�h�a�u�s�t�i�v�e� �r�e�v�i�e�w� �o�f� �l�o�g� �t�r�a�i�l�e�r� �l�o�a�d�i�n�g� �t�e�c�h�n�i�q�u�e�s�,� �a� �c�o�n�c�l�u�s�i�o�n� �e�m�e�r�g�e�s� �t�h�a�t� �f�r�o�m� �t�h�e� 

�s�t�a�n�d�p�o�i�n�t� �o�f� �t�r�a�i�l�e�r� �d�e�s�i�g�n�,� �t�h�e� �v�e�r�y� �l�a�s�t� �l�o�a�d�i�n�g� �s�t�r�a�t�e�g�y� �(�i�.�e�.� �b�u�t�t�-�t�o�-�t�o�p� �l�o�a�d�i�n�g� �i�n� �t�w�o� �t�i�e�r�s�)� �a�n�d� �t�h�e� 

�c�o�n�v�e�n�t�i�o�n�a�l� �d�o�u�b�l�e� �b�u�n�k� �m�e�t�h�o�d� �(�w�h�e�n� �h�a�u�l�i�n�g� �s�h�o�r�t�w�o�o�d�)� �s�h�o�u�l�d� �b�e� �a�s�s�u�m�e�d� �f�o�r� �a� �s�t�a�t�i�c� �s�t�r�e�s�s� 

�a�n�a�l�y�s�i�s�.� �T�h�e� �t�w�o� �m�e�t�h�o�d�s� �a�r�e� �e�q�u�i�v�a�l�e�n�t� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �w�e�i�g�h�t� �d�i�s�t�r�i�b�u�t�i�o�n� �o�n� �t�h�e� �t�r�a�i�l�e�r� �a�n�d� �c�o�r�r�e�s�p�o�n�d� 

�t�o� �t�h�e� �w�o�r�s�t� �l�o�a�d�i�n�g� �s�c�e�n�a�r�i�o� �o�n� �t�h�e� �t�r�a�i�l�e�r� �w�h�e�n� �t�h�e� �b�e�n�d�i�n�g� �m�o�m�e�n�t�s� �a�l�o�n�g� �t�h�e� �t�r�a�i�l�e�r� �f�r�a�m�e� �a�r�e� �t�h�e� 

�g�r�e�a�t�e�s�t�.� 

�L�o�a�d� �D�i�s�t�r�i�b�u�t�i�o�n� �M�o�d�e�l�s� 

�T�h�e� �w�e�i�g�h�t� �d�i�s�t�r�i�b�u�t�i�o�n� �o�v�e�r� �t�h�e� �a�x�l�e�s� �o�f� �a� �l�o�g� �v�e�h�i�c�l�e� �i�s� �v�i�t�a�l� �b�e�c�a�u�s�e� �a�x�l�e� �w�e�i�g�h�t� �l�i�m�i�t�s� �c�a�n� �r�e�s�t�r�i�c�t� 

�p�a�y�l�o�a�d� �b�e�f�o�r�e� �t�h�e� �m�a�x�i�m�u�m� �l�e�g�a�l� �G�V�W� �i�s� �r�e�a�c�h�e�d�.� �A�x�l�e� �w�e�i�g�h�t�s� �c�o�n�s�t�i�t�u�t�e� �a� �p�a�r�t� �o�f� �t�h�e� �o�v�e�r�a�l�l� �l�o�a�d�i�n�g� 

�a�c�t�i�n�g� �o�n� �a� �t�r�a�i�l�e�r�'�s� �f�r�a�m�e�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� �k�n�o�w�i�n�g� �t�h�e�m� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �a� �s�t�r�e�s�s� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�t�r�u�c�t�u�r�e�,� 

�a�n�d� �f�o�r� �i�t�s� �s�a�f�e� �d�e�s�i�g�n�.� 

�I�n� �m�o�s�t� �c�a�s�e�s�,� �a� �l�o�g� �v�e�h�i�c�l�e� �h�a�s� �a�t� �l�e�a�s�t� �t�h�r�e�e� �a�x�l�e�s�,� �a�n�d� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �m�a�k�e� �a�n� �a�s�s�u�m�p�t�i�o�n� �h�o�w� �a� 

�r�e�a�c�t�i�o�n� �f�o�r�c�e� �f�r�o�m� �t�h�e� �r�o�a�d� �i�s� �c�o�n�v�e�y�e�d� �t�h�r�o�u�g�h� �t�h�e� �t�a�n�d�e�m� �t�o� �t�h�e� �f�r�a�m�e�.� �I�t� �i�s� �j�u�s�t�i�f�i�e�d� �t�o� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� 

�f�o�r�c�e� �a�c�t�s� �a�t� �a� �m�i�d�p�o�i�n�t� �b�e�t�w�e�e�n� �t�h�e� �a�x�l�e�s� �o�n�l�y� �w�h�e�n� �t�h�e� �a�x�l�e�s� �a�r�e� �e�q�u�a�l�i�z�e�d� �i�n� �a� �t�a�n�d�e�m�.� �T�h�e�n� �t�h�e� 

�p�r�o�b�l�e�m� �b�e�c�o�m�e�s� �s�t�a�t�i�c�a�l�l�y� �d�e�t�e�r�m�i�n�a�t�e�,� �a�n�d� �t�h�e� �a�x�l�e� �w�e�i�g�h�t�s� �c�a�n� �b�e� �c�o�m�p�u�t�e�d� �f�r�o�m� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� 

�c�o�n�d�i�t�i�o�n�.� 

�B�a�u�m�g�r�a�s�s� �(�1�9�7�5�)� �d�e�v�e�l�o�p�e�d� �a� �l�o�a�d� �d�i�s�t�r�i�b�u�t�i�o�n� �m�o�d�e�l� �f�o�r� �t�a�n�d�e�m� �a�x�l�e� �t�r�u�c�k�s� �c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �W�e�s�t� 

�V�i�r�g�i�n�i�a�.� �A�f�t�e�r� �m�a�k�i�n�g� �a�n� �a�s�s�u�m�p�t�i�o�n� �a�b�o�u�t� �t�h�e� �r�e�a�c�t�i�o�n� �f�o�r�c�e� �a�c�t�i�n�g� �t�h�r�o�u�g�h� �a� �t�a�n�d�e�m�,� �t�h�e� �m�o�d�e�l� 

�c�o�n�s�i�d�e�r�s� �a� �s�i�m�p�l�e� �b�e�a�m�,� �s�u�p�p�o�r�t�e�d� �a�t� �o�n�e� �e�n�d� �b�y� �t�h�e� �s�t�e�e�r�i�n�g� �a�x�l�e�,� �a�n�d� �a�t� �t�h�e� �o�t�h�e�r� �b�y� �t�h�e� �t�a�n�d�e�m� �d�r�i�v�e� 

�a�x�l�e�s�.� �T�h�e� �m�o�d�e�l� �w�a�s� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �r�e�q�u�i�r�e�d� �w�h�e�e�l� �b�a�s�e� �a�n�d� �c�a�b� �l�e�n�g�t�h� �f�o�r� �a� �d�e�s�i�r�e�d� �a�x�l�e� �w�e�i�g�h�t�s�.� 
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�T�h�e� �l�o�a�d� �d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �a� �t�r�a�c�t�o�r�-�t�r�a�i�l�e�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �i�s� �m�o�r�e� �c�o�m�p�l�e�x�.� �E�s�s�e�n�t�i�a�l�l�y�,� �t�h�e� �v�e�h�i�c�l�e� �c�a�n� �b�e� 

�m�o�d�e�l�e�d� �a�s� �t�w�o� �s�i�m�p�l�y� �s�u�p�p�o�r�t�e�d� �b�e�a�m�s�.� �T�h�e� �t�r�a�c�t�o�r� �b�e�a�m� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �s�t�e�e�r�i�n�g� �a�x�l�e� �a�t� �o�n�e� �e�n�d� 

�a�n�d� �b�y� �t�h�e� �d�r�i�v�e� �t�a�n�d�e�m� �a�t� �t�h�e� �o�t�h�e�r�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� �f�o�r�c�e�s� �f�r�o�m� �t�h�e� �r�o�a�d�,� �t�h�e� �b�e�a�m� �i�s� �l�o�a�d�e�d� 

�w�i�t�h� �t�h�e� �t�r�a�c�t�o�r ��s� �w�e�i�g�h�t� �a�n�d� �t�h�e� �l�o�a�d� �f�r�o�m� �t�h�e� �s�e�m�i�t�r�a�i�l�e�r� �a�t� �t�h�e� �k�i�n�g�p�i�n�.� �T�h�e� �t�r�a�i�l�e�r� �b�e�a�m� �i�s� �s�u�p�p�o�r�t�e�d� �a�t� 

�t�h�e� �k�i�n�g�p�i�n� �b�y� �t�h�e� �t�r�a�c�t�o�r� �o�n� �o�n�e� �e�n�d� �a�n�d� �b�y� �t�h�e� �t�r�a�i�l�e�r�'�s� �a�x�l�e� �t�a�n�d�e�m� �o�n� �t�h�e� �o�t�h�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �i�t� �i�s� �l�o�a�d�e�d� 

�b�y� �b�o�t�h� �t�h�e� �p�a�y�l�o�a�d� �a�n�d� �t�h�e� �t�r�a�i�l�e�r�'�s� �t�a�r�e� �w�e�i�g�h�t�.� 

�B�e�a�r�d�s�e�l�l� �(�1�9�8�6�)� �d�e�v�e�l�o�p�e�d� �a� �w�e�i�g�h�t� �d�i�s�t�r�i�b�u�t�i�o�n� �m�o�d�e�l� �f�o�r� �t�h�e� �t�r�a�c�t�o�r�-�s�e�m�i�t�r�a�i�l�e�r� �w�h�i�c�h� �f�a�c�i�l�i�t�a�t�e�d� �t�h�e� 

�s�i�m�u�l�t�a�n�e�o�u�s� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �a�l�l� �l�e�g�a�l� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �v�e�h�i�c�l�e� �d�e�s�i�g�n�.� �B�e�g�i�n�n�i�n�g� �b�y� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �w�e�i�g�h�t� 

�d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �a� �c�o�n�v�e�n�t�i�o�n�a�l� �w�a�y�,� �h�e� �e�x�p�r�e�s�s�e�d� �t�h�e� �a�x�l�e� �w�e�i�g�h�t�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �m�a�t�h�e�m�a�t�i�c�a�l� �f�u�n�c�t�i�o�n�s�,� 

�w�h�e�r�e� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �l�o�a�d� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �a�n�d� �t�h�e� �k�i�n�g�p�i�n� �w�a�s� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�.� �H�e� 

�i�m�p�o�s�e�d� �t�h�e�n� �t�h�e� �l�e�g�a�l� �w�e�i�g�h�t� �l�i�m�i�t�s� �o�n� �t�h�e� �s�t�e�e�r�i�n�g� �a�x�l�e�,� �t�h�e� �t�r�a�c�t�o�r�'�s� �a�n�d� �t�r�a�i�l�e�r�'�s� �t�a�n�d�e�m� �a�x�l�e� �w�e�i�g�h�t�s�,� 

�a�n�d� �o�n� �t�h�e� �g�r�o�s�s� �v�e�h�i�c�l�e� �w�e�i�g�h�t� �i�n� �t�h�e� �f�o�r�m� �o�f� �i�n�e�q�u�a�l�i�t�i�e�s�.� �F�i�n�a�l�l�y�,� �h�e� �p�l�o�t�t�e�d� �t�h�e�s�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �i�n� �o�n�e� 

�g�r�a�p�h� �(�F�i�g�u�r�e� �3�)�.� �T�h�e� �f�i�g�u�r�e� �c�l�e�a�r�l�y� �s�h�o�w�s� �t�h�a�t� �a�n� �i�n�t�e�r�v�a�l� �e�x�i�s�t�s� �f�o�r� �t�h�e� �v�a�l�u�e�s� �o�f� �t�h�e� �l�o�a�d� �c�e�n�t�e�r� �o�f� 

�g�r�a�v�i�t�y� �l�o�c�a�t�i�o�n� �f�o�r� �w�h�i�c�h� �t�h�e� �m�a�x�i�m�u�m� �p�a�y�l�o�a�d� �o�f� �8�0�,�0�0�0� �p�o�u�n�d�s� �c�a�n� �b�e� �r�e�a�c�h�e�d�.� �T�h�i�s� �f�l�a�t� �a�r�e�a� �o�n� �t�h�e� 

�m�a�x�i�m�u�m� �p�a�y�l�o�a�d� �c�u�r�v�e�,� �n�a�m�e�d� �t�h�e� �s�w�e�e�t� �s�p�o�t�,� �h�a�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�p�e�r�t�i�e�s�:� 

�1�.� �T�h�e� �s�i�z�e� �a�n�d� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �s�w�e�e�t� �s�p�o�t� �d�e�p�e�n�d� �o�n� �v�e�h�i�c�l�e� �g�e�o�m�e�t�r�y�,� �t�a�r�e� �w�e�i�g�h�t� �d�i�s�t�r�i�b�u�t�i�o�n�,� �a�n�d� �a�x�l�e� 

�w�e�i�g�h�t� �r�e�s�t�r�i�c�t�i�o�n�s�.� 

�2�.� �T�h�e� �w�i�d�e�r� �t�h�e� �s�w�e�e�t� �s�p�o�t�,� �t�h�e� �e�a�s�i�e�r� �i�t� �i�s� �f�o�r� �t�h�e� �l�o�a�d�e�r� �o�p�e�r�a�t�o�r� �t�o� �p�l�a�c�e� �t�h�e� �a�c�t�u�a�l� �l�o�a�d� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� 

�w�i�t�h�i�n� �i�t�s� �b�o�u�n�d�a�r�i�e�s�.� 

�3�.� �I�t� �i�s� �m�o�r�e� �l�i�k�e�l�y� �t�h�a�t� �t�h�e� �r�i�g� �e�x�c�e�e�d�s� �o�n�e� �o�f� �t�h�e� �t�a�n�d�e�m� �a�x�l�e�s �� �l�e�g�a�l� �w�e�i�g�h�t� �l�i�m�i�t� �t�h�a�n� �t�h�e� �g�r�o�s�s� �v�e�h�i�c�l�e� 

�w�e�i�g�h�t� �l�i�m�i�t�.� 
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�F�i�g�u�r�e� �3�.� �W�e�i�g�h�t� �C�o�n�s�t�r�a�i�n�t�s� �f�o�r� �H�y�p�o�t�h�e�t�i�c�a�l� �L�o�g� �T�r�u�c�k� �o�f� �3�0�-�f�o�o�t� �T�r�a�i�l�e�r� �W�h�e�e�l� �B�a�s�e� �(�a�f�t�e�r� 

�B�e�a�r�d�s�e�l�l�,� �1�9�8�6�)�.� 
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�T�h�e� �g�e�n�e�r�a�l� �v�e�r�s�i�o�n� �o�f� �t�h�e� �m�o�d�e�l� �a�l�s�o� �i�n�c�l�u�d�e�d� �a�l�l� �t�h�e� �F�e�d�e�r�a�l� �B�r�i�d�g�e� �F�o�r�m�u�l�a� �r�e�s�t�r�i�c�t�i�o�n�s� �a�n�d� �h�a�d� �t�h�e� 

�f�o�r�m� �o�f� �a� �c�o�m�p�u�t�e�r� �s�p�r�e�a�d�s�h�e�e�t� �t�e�m�p�l�a�t�e�.� �T�h�e� �m�o�d�e�l� �w�a�s� �u�s�e�d� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �v�a�r�i�o�u�s� �a�d�j�u�s�t�m�e�n�t�s� �t�o� 

�t�h�e� �v�e�h�i�c�l�e� �g�e�o�m�e�t�r�y� �a�n�d� �t�o� �s�e�e� �t�h�e�i�r� �e�f�f�e�c�t�s� �o�n� �t�h�e� �l�e�g�a�l� �p�a�y�l�o�a�d� �c�u�r�v�e�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �w�e� �c�a�n� �q�u�i�c�k�l�y� �f�i�n�d� 

�a� �s�o�l�u�t�i�o�n� �t�o� �t�h�e� �c�o�m�m�o�n� �p�r�o�b�l�e�m� �o�f� �r�e�a�c�h�i�n�g� �t�h�e� �t�a�n�d�e�m� �a�x�l�e� �w�e�i�g�h�t� �l�i�m�i�t� �b�e�f�o�r�e� �a�t�t�a�i�n�i�n�g� �t�h�e� �G�V�W� 

�l�i�m�i�t�.� �O�n�e� �w�a�y� �t�o� �s�o�l�v�e� �t�h�e� �p�r�o�b�l�e�m� �i�s� �t�o� �t�r�a�n�s�f�e�r� �w�e�i�g�h�t� �t�o� �t�h�e� �t�r�a�c�t�o�r� �s�t�e�e�r�i�n�g� �a�x�l�e� �b�y� �s�e�t�t�i�n�g� �t�h�e� �t�r�a�c�t�o�r� 

�f�i�f�t�h� �w�h�e�e�l� �a�h�e�a�d� �o�f� �t�h�e� �t�r�a�c�t�o�r� �t�a�n�d�e�m� �c�e�n�t�e�r�.� �A�n� �1�8�-�i�n�c�h� �o�f�f�s�e�t� �i�n�c�r�e�a�s�e�s� �t�h�e� �l�e�g�a�l� �p�a�y�l�o�a�d� �b�y� �a�b�o�u�t� 

�3�,�0�0�0� �p�o�u�n�d�s� �f�o�r� �a� �t�y�p�i�c�a�l� �t�r�a�c�t�o�r�-�t�r�a�i�l�e�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� 

�E�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �v�e�h�i�c�l�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �B�e�a�r�d�s�e�l�l� �a�r�r�i�v�e�s� �a�t� �t�h�e� �i�n�t�e�r�e�s�t�i�n�g� �c�o�n�c�l�u�s�i�o�n� �t�h�a�t� 

�a�d�d�i�n�g� �a� �t�h�i�r�d� �a�x�l�e� �t�o� �a� �t�a�n�d�e�m� �s�e�m�i�t�r�a�i�l�e�r� �c�o�u�l�d� �b�e� �t�h�e� �b�e�s�t� �a�l�t�e�r�n�a�t�i�v�e�.� �A�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e� �e�x�t�r�a� �a�x�l�e� 

�a�d�d�s� �1�,�5�0�0� �p�o�u�n�d�s� �t�o� �t�h�e� �2�8�,�0�0�0� �p�o�u�n�d�s� �o�f� �a�n� �a�v�e�r�a�g�e� �t�a�n�d�e�m� �t�r�a�i�l�e�r� �t�a�r�e� �w�e�i�g�h�t�,� �t�h�e� �m�a�x�i�m�u�m� �l�e�g�a�l� 

�p�a�y�l�o�a�d� �o�f� �5�0�,�5�0�0� �p�o�u�n�d�s� �a�n�d� �a� �s�w�e�e�t� �s�p�o�t� �w�i�d�t�h� �o�f� �a�l�m�o�s�t� �3� �f�e�e�t� �a�r�e� �a�c�h�i�e�v�e�d�.� �M�o�u�n�t�i�n�g� �s�i�n�g�l�e� �w�i�d�e� �t�i�r�e�s� 

�o�n� �a�l�l� �t�h�r�e�e� �t�r�a�i�l�e�r� �a�x�l�e�s� �c�o�u�l�d� �t�h�e�n� �f�u�r�t�h�e�r� �i�n�c�r�e�a�s�e� �t�h�e� �m�a�x�i�m�u�m� �l�e�g�a�l� �p�a�y�l�o�a�d�.� 

�T�r�u�c�k� �-� �T�r�a�i�l�e�r� �C�o�n�f�i�g�u�r�a�t�i�o�n�s� 

�T�h�e�r�e� �i�s� �a� �g�r�e�a�t� �v�a�r�i�e�t�y� �o�f� �p�o�s�s�i�b�l�e� �l�o�g�-�t�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �E�a�c�h� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �a�n�d� 

�s�p�a�c�i�n�g� �o�f� �a�x�l�e�s�,� �t�h�e� �n�u�m�b�e�r� �a�n�d� �l�o�c�a�t�i�o�n� �o�f� �a�r�t�i�c�u�l�a�t�i�o�n� �p�o�i�n�t�s�,� �t�h�e� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �b�u�n�k�s� �w�h�i�c�h� �h�o�l�d� �t�h�e� 

�l�o�a�d�,� �a�n�d� �t�h�e� �f�o�r�m� �o�f� �w�o�o�d� �i�t� �i�s� �c�a�r�r�y�i�n�g�.� 

�A� �t�h�r�e�e�-�a�x�l�e� �t�r�a�c�t�o�r� �a�n�d� �t�w�o�-�a�x�l�e� �s�e�m�i�t�r�a�i�l�e�r� �i�s� �a� �s�t�a�n�d�a�r�d� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�o�r� �l�o�n�g�w�o�o�d� �a�n�d� �t�r�e�e�-�l�e�n�g�t�h� 

�r�o�u�n�d�w�o�o�d� �r�o�a�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�n� �t�h�e� �S�o�u�t�h� �(�B�e�a�r�s�d�s�e�l�l�,� �1�9�8�6�)�.� �T�r�a�c�t�o�r�s� �m�a�y� �v�a�r�y� �i�n� �a� �w�h�e�e�l� �b�a�s�e� �a�n�d� �a� 
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�c�a�b� �s�t�y�l�e�,� �b�u�t� �a�l�m�o�s�t� �i�n�v�a�r�i�a�b�l�y� �h�a�v�e� �a� �s�i�n�g�l�e� �s�t�e�e�r�i�n�g� �a�x�l�e� �w�i�t�h� �s�i�n�g�l�e� �w�h�e�e�l�s�,� �a�n�d� �t�a�n�d�e�m� �d�r�i�v�e� �a�x�l�e�s� 

�w�i�t�h� �d�u�a�l� �w�h�e�e�l�s�.� 

�C�o�n�f�i�g�u�r�a�t�i�o�n�s� �u�s�e�d� �i�n� �t�h�e� �S�o�u�t�h� 

�F�r�a�m�e� �a�n�d� �p�o�l�e� �t�r�a�i�l�e�r�s� �a�r�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �t�y�p�e�s� �o�f� �l�o�g� �t�r�a�i�l�e�r�s� �i�n� �t�h�e� �S�o�u�t�h�.� �B�o�t�h� �t�y�p�e�s� �o�f� �t�r�a�i�l�e�r�s� 

�a�t�t�a�c�h� �t�o� �t�h�e� �t�r�a�c�t�o�r� �b�y� �m�e�a�n�s� �o�f� �a� �k�i�n�g�p�i�n� �a�n�d� �f�i�f�t�h� �w�h�e�e�l� �c�o�u�p�l�i�n�g� �a�n�d� �a�r�e� �s�u�p�p�o�r�t�e�d� �a�t� �t�h�e� �r�e�a�r� �b�y� 

�t�a�n�d�e�m� �a�x�l�e�s�.� �F�r�a�m�e� �t�r�a�i�l�e�r�s� �a�r�e� �d�e�s�i�g�n�e�d� �t�o� �s�u�p�p�o�r�t� �l�o�g� �l�o�a�d�s� �a�t� �i�n�t�e�r�m�e�d�i�a�t�e� �p�o�i�n�t�s� �b�e�t�w�e�e�n� �t�h�e� �k�i�n�g�p�i�n� 

�a�n�d� �a�x�l�e�s�.� �V�a�r�i�o�u�s� �b�u�n�k� �a�r�r�a�n�g�e�m�e�n�t�s� �a�r�e� �p�o�s�s�i�b�l�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �w�o�o�d� �f�o�r�m� �b�e�i�n�g� �h�a�u�l�e�d�.� �T�h�e�i�r� 

�g�r�e�a�t� �a�d�v�a�n�t�a�g�e� �i�s� �t�h�e�i�r� �v�e�r�s�a�t�i�l�i�t�y�:� �t�h�e�y� �c�a�n� �b�e� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �s�h�o�r�t�w�o�o�d�,� �l�o�g�w�o�o�d�,� �o�r� �t�r�e�e�-�l�e�n�g�t�h� 

�m�a�t�e�r�i�a�l�.� �S�e�v�e�r�a�l� �m�a�i�n� �f�r�a�m�e� �f�o�r�m�s� �a�r�e� �a�v�a�i�l�a�b�l�e�:� �s�t�r�a�i�g�h�t� �f�r�a�m�e�,� �g�o�o�s�e�n�e�c�k�,� �c�u�t�o�u�t�-�f�r�a�m�e�,� �c�e�n�t�e�r�-�d�r�o�p�,� 

�a�n�d� �t�a�p�e�r�e�d� �w�i�t�h� �w�e�b� �c�u�t�o�u�t�s�.� �T�h�e� �g�o�o�s�e�n�e�c�k� �t�r�a�i�l�e�r� �h�a�s� �a� �1�5�-� �t�o� �1�6�-�i�n�c�h� �d�r�o�p� �i�n� �t�h�e� �m�a�i�n� �b�e�a�m�.� �T�h�e� 

�s�e�c�o�n�d� �b�o�l�s�t�e�r� �i�s� �u�s�u�a�l�l�y� �s�e�t� �f�l�u�s�h� �w�i�t�h� �t�h�e� �w�e�b� �o�f� �t�h�e� �m�a�i�n� �b�e�a�m�.� �T�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� �f�e�a�t�u�r�e�s� 

�p�e�r�m�i�t�s� �a� �2�0�%� �i�n�c�r�e�a�s�e� �i�n� �l�o�a�d�i�n�g� �s�p�a�c�e�.� �P�o�l�e� �t�r�a�i�l�e�r�s� �h�a�v�e� �o�n�l�y� �t�w�o� �b�o�l�s�t�e�r�s� �a�n�d� �t�w�o� �s�e�t�s� �o�f� �s�t�a�n�d�a�r�d�s�.� 

�T�h�e� �f�i�r�s�t� �b�o�l�s�t�e�r� �i�s� �u�s�u�a�l�l�y� �l�o�c�a�t�e�d� �j�u�s�t� �o�v�e�r� �t�h�e� �f�i�f�t�h�w�h�e�e�l�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �j�u�s�t� �o�v�e�r� �t�h�e� �m�i�d�p�o�i�n�t� �o�f� �t�h�e� 

�t�r�a�c�t�o�r� �t�a�n�d�e�m�.� �A� �h�e�a�v�y� �p�o�l�e� �c�o�n�n�e�c�t�s� �i�t� �w�i�t�h� �t�h�e� �t�r�a�i�l�e�r� �b�o�g�i�e�.� �T�h�e� �s�e�c�o�n�d� �b�o�l�s�t�e�r� �i�s� �r�n�o�u�n�t�e�d� �r�i�g�h�t� �a�b�o�v�e� 

�t�h�e� �t�r�a�i�l�e�r� �t�a�n�d�e�m� �m�i�d�p�o�i�n�t�.� �T�h�e� �w�h�o�l�e� �s�i�m�p�l�i�c�i�t�y� �o�f� �t�h�e� �p�o�l�e� �t�r�a�i�l�e�r� �d�e�s�i�g�n� �l�i�e�s� �i�n� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �l�o�a�d� 

�w�e�i�g�h�t� �i�s� �c�o�n�v�e�y�e�d� �d�i�r�e�c�t�l�y� �t�o� �t�h�e� �r�o�a�d�.� �T�h�e� �p�o�l�e� �s�e�r�v�e�s� �o�n�l�y� �a�s� �a� �c�o�u�p�l�i�n�g� �a�n�d� �d�o�e�s� �n�o�t� �b�e�a�r� �a�n�y� �w�e�i�g�h�t� �o�f� 

�t�h�e� �l�o�g�s�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�i�s� �t�y�p�e� �o�f� �a� �t�r�a�i�l�e�r� �i�s� �3�,�0�0�0� �t�o� �3�,�5�0�0� �p�o�u�n�d�s� �l�i�g�h�t�e�r� �t�h�a�n� �a� �f�r�a�m�e� �t�r�a�i�l�e�r�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �s�c�a�l�e�h�o�u�s�e� �d�a�t�a� �c�l�e�a�r�l�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �p�o�l�e� �t�r�a�i�l�e�r�s� �d�o� �n�o�t� �u�t�i�l�i�z�e� �t�h�e�i�r� �r�e�d�u�c�e�d� �t�a�r�e� 

�w�e�i�g�h�t�s� �(�B�e�a�r�d�s�e�l�l�,� �1�9�8�6�)�.� �T�h�e�i�r� �a�v�e�r�a�g�e� �c�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �l�o�a�d�i�n�g� �a�r�e�a� �i�s� �6�1� �s�q�u�a�r�e� �f�e�e�t�,� �w�h�i�l�e� �t�h�e� �a�v�e�r�a�g�e� 

�a�r�e�a� �f�o�r� �a� �g�o�o�s�e�n�e�c�k� �t�r�a�i�l�e�r� �i�s� �a�b�o�u�t� �7�5� �s�q�u�a�r�e� �f�e�e�t� �(�F�o�r�d�,� �1�9�9�3�)�.� �P�o�l�e� �t�r�a�i�l�e�r�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �o�f�f�-�t�r�a�c�k�i�n�g�,� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �t�r�a�v�e�l�i�n�g� �e�m�p�t�y�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �m�o�r�e� �c�o�n�s�i�s�t�e�n�t� 

�p�a�y�l�o�a�d�s� �a�n�d� �v�e�r�s�a�t�i�l�i�t�y�,� �f�r�a�m�e� �t�r�a�i�l�e�r�s� �a�r�e� �m�o�r�e� �c�o�m�m�o�n� �a�c�r�o�s�s� �t�h�e� �S�o�u�t�h�e�a�s�t�.� �R�e�c�e�n�t�l�y�,� �f�o�l�d�i�n�g� �p�o�l�e� 

�t�r�a�i�l�e�r�s� �a�r�e� �b�e�c�o�m�i�n�g� �q�u�i�t�e� �p�o�p�u�l�a�r� �d�u�e� �t�o� �t�h�e� �r�e�d�u�c�e�d� �b�r�a�k�e� �a�n�d� �t�i�r�e� �w�e�a�r�,� �q�u�i�c�k�e�r� �t�u�r�n�-�a�r�o�u�n�d� �t�i�m�e�s�,� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�9



�l�o�w�e�r� �f�u�e�l� �c�o�n�s�u�m�p�t�i�o�n� �w�h�e�n� �t�h�e�y� �d�r�i�v�e� �e�m�p�t�y�,� �a�n�d� �g�r�e�a�t�e�r� �m�a�n�e�u�v�e�r�a�b�i�l�i�t�y� �o�f� �t�h�e� �t�r�a�c�t�o�r� �i�n� �t�h�e� �w�o�o�d�s�.� 

�I�n�t�r�o�d�u�c�i�n�g� �a� �f�o�l�d�i�n�g� �f�r�a�m�e� �t�r�a�i�l�e�r�,� �w�h�i�c�h� �w�o�u�l�d� �c�o�m�b�i�n�e� �t�h�e� �v�e�r�s�a�t�i�l�i�t�y� �a�n�d� �s�t�r�e�n�g�i�h� �o�f� �a� �f�r�a�m�e� �d�e�s�i�g�n� 

�w�i�t�h� �t�h�e� �v�e�r�y� �u�s�e�f�u�l� �f�e�a�t�u�r�e� �o�f� �s�e�l�f� �l�o�a�d�i�n�g� �f�o�r� �t�h�e� �r�e�t�u�r�n� �t�r�i�p�,� �c�o�u�l�d� �b�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �a�d�v�a�n�c�e�m�e�n�t� �i�n� �l�o�g� 

�t�r�u�c�k�i�n�g� �i�n� �t�h�e� �S�o�u�t�h�e�a�s�t�.� 

�W�e�s�t� �C�o�a�s�t� �C�o�n�f�i�g�u�r�a�t�i�o�n�s� 

�T�h�r�e�e� �t�y�p�e�s� �o�f� �l�o�g� �t�r�u�c�k�s�:� �t�h�e� �"�s�t�i�n�g�e�r� �s�t�e�e�r�"� �t�r�a�i�l�e�r�,� �t�h�e� �s�e�l�f� �l�o�a�d�e�r� �t�r�a�c�t�o�r�-�s�e�m�i�t�r�a�i�l�e�r�,� �a�n�d� �t�h�e� �s�h�o�r�t� �l�o�g�g�e�r� 

�a�r�e� �c�o�m�m�o�n� �i�n� �t�h�e� �w�e�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s� �(�D�y�k�s�t�r�a� �a�n�d� �G�a�r�l�a�n�d�,� �1�9�7�8�)�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�i�s� �t�h�e� �t�h�r�e�e�-�a�x�l�e� �t�r�a�c�t�o�r� �a�n�d� �t�h�e� �t�a�n�d�e�m�-�a�x�l�e� �"�s�t�i�n�g�e�r� �s�t�e�e�r�"� �t�r�a�i�l�e�r�.� �T�h�e� �t�r�a�i�l�e�r� �d�i�f�f�e�r�s� �f�r�o�m� �s�o�u�t�h�e�r�n� �p�o�l�e� 

�t�r�a�i�l�e�r�s� �i�n� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �p�o�i�n�t�s� �o�f� �a�r�t�i�c�u�l�a�t�i�o�n�.� �I�t�s� �f�i�r�s�t� �b�u�n�k� �i�s� �m�o�u�n�t�e�d� �o�v�e�r� �t�h�e� �t�r�a�c�t�o�r� �t�a�n�d�e�m� �o�n� �a� 

�s�w�i�v�e�l� �b�a�s�e� �a�n�d� �t�h�e� �s�e�c�o�n�d� �i�s� �s�i�m�i�l�a�r�l�y� �m�o�u�n�t�e�d� �o�v�e�r� �t�h�e� �t�r�a�i�l�e�r� �b�o�g�i�e�.� �T�h�e� �t�r�a�c�t�o�r� �f�r�a�m�e� �t�e�r�m�i�n�a�t�e�s� �i�n� �a� 

�f�r�a�m�e�w�o�r�k�-�-�t�h�e�  ��s�t�i�n�g�e�r�"�-�-�w�h�i�c�h� �a�t�t�a�c�h�e�s� �t�o� �t�h�e� �t�r�a�i�l�e�r� �b�y� �m�e�a�n�s� �o�f� �a� �s�p�e�c�i�a�l� �c�o�m�p�e�n�s�a�t�i�n�g� �h�e�a�d� �w�h�i�c�h� 

�s�l�i�d�e�s� �i�n� �a�n�d� �o�u�t�.� �B�o�t�h� �t�h�e� �s�p�e�c�i�f�i�c� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �p�o�i�n�t� �o�f� �a�r�t�i�c�u�l�a�t�i�o�n� �a�n�d� �t�h�e� �c�o�m�p�e�n�s�a�t�i�n�g� �h�e�a�d� �f�o�r�c�e� 

�t�h�e� �"�s�t�i�n�g�e�r� �s�t�e�e�r�"� �t�r�a�i�l�e�r� �t�o� �f�o�l�l�o�w� �t�h�e� �t�r�a�c�t�o�r� �i�n� �a�l�m�o�s�t� �t�h�e� �s�a�m�e� �t�r�a�c�k�s�.� �T�h�u�s�,� �t�h�e� �t�r�a�i�l�e�r� �o�f�f�-�t�r�a�c�k�i�n�g� �i�s� 

�r�e�d�u�c�e�d� �t�o� �a� �m�i�n�i�m�u�m� �a�n�d� �t�h�e� �v�e�h�i�c�l�e� �i�s� �a�b�l�e� �t�o� �n�e�g�o�t�i�a�t�e� �v�e�r�y� �t�i�g�h�t� �c�u�r�v�e�s� �s�a�f�e�l�y�.� �T�h�e� �m�a�n�u�f�a�c�t�u�r�e�r� 

�a�r�g�u�e�s� �t�h�a�t� �t�h�e� �c�o�s�t� �o�f� �b�u�i�l�d�i�n�g� �n�a�r�r�o�w�e�r� �r�o�a�d�s� �f�o�r� �t�h�e�  ��s�t�i�n�g�e�r� �s�t�e�e�r�"� �t�r�a�i�l�e�r� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� 

�c�o�s�t� �o�f� �r�o�a�d� �c�o�n�s�t�r�u�c�t�i�o�n� �n�e�c�e�s�s�a�r�y� �f�o�r� �s�e�m�i�t�r�a�i�l�e�r�s� �(�P�e�e�r�l�e�s�s�,� �1�9�8�6�)�.� �A�f�t�e�r� �t�h�e� �l�o�a�d� �i�s� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� 

�t�r�u�c�k�,� �t�h�e� �t�r�a�i�l�e�r� �i�s� �l�o�a�d�e�d� �o�n� �t�h�e� �t�r�a�c�t�o�r� �f�o�r� �r�e�t�u�r�n� �t�r�i�p�.� �T�h�i�s� �h�a�s� �m�a�n�y� �a�d�v�a�n�t�a�g�e�s�:� �t�r�a�i�l�e�r� �t�i�r�e�s� �a�r�e� �s�u�b�j�e�c�t� 

�t�o� �o�n�l�y� �a�b�o�u�t� �t�w�o� �t�h�i�r�d�s� �o�f� �t�h�e� �w�e�a�r� �t�h�a�t� �a�  ��t�o�w�e�d �� �t�r�a�i�l�e�r� �w�o�u�l�d� �r�e�c�e�i�v�e�,� �t�u�r�n�-�a�r�o�u�n�d� �t�i�m�e�s� �a�r�e� �q�u�i�c�k�e�r�,� 

�t�h�e� �s�h�o�r�t�e�r� �v�e�h�i�c�l�e� �h�a�s� �b�e�t�t�e�r� �m�a�n�e�u�v�e�r�a�b�i�l�i�t�y� �i�n� �t�h�e� �w�o�o�d�s�,� �a�d�d�i�t�i�o�n�a�l� �w�e�i�g�h�t� �o�n� �t�h�e� �d�r�i�v�i�n�g� �a�x�l�e�s� �o�f� �t�h�e� 

�e�m�p�t�y� �t�r�a�c�t�o�r� �i�n�c�r�e�a�s�e�s� �i�t�s� �t�r�a�c�t�i�o�n�.� �"�S�t�i�n�g�e�r� �s�t�e�e�r�"� �t�r�a�i�l�e�r�s� �a�r�e� �b�u�i�l�t� �l�i�g�h�t�-�-�t�h�e�i�r� �c�o�n�s�t�r�u�c�t�i�o�n� �i�s� �p�r�i�m�a�r�i�l�y� 

�b�a�s�e�d� �o�n� �t�h�e� �f�o�r�m�e�d� �a�n�d� �w�e�l�d�e�d� �T�-�1� �h�i�g�h�-�t�e�n�s�i�l�e� �s�t�e�e�l�.� �U�s�u�a�l�l�y�,� �t�h�e�y� �a�r�e� �e�q�u�i�p�p�e�d� �w�i�t�h� �r�u�b�b�e�r� �m�o�u�n�t�e�d� 

�t�w�o�-�s�p�r�i�n�g� �o�r� �w�a�l�k�i�n�g� �b�e�a�m� �s�u�s�p�e�n�s�i�o�n�.� �O�n�-�b�o�a�r�d� �e�l�e�c�t�r�o�n�i�c� �o�r� �h�y�d�r�a�u�l�i�c� �s�c�a�l�e�s� �f�o�r� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� 

�o�v�e�r�l�o�a�d� �f�i�n�e�s� �a�r�e� �t�h�e� �s�t�a�n�d�a�r�d� �o�p�t�i�o�n�.� �T�h�e� �d�e�s�i�g�n� �o�f� �m�o�s�t� �o�f� �t�h�e� �t�r�a�i�l�e�r� �w�e�a�r� �p�o�i�n�t�s� �(�t�h�e� �c�e�n�t�e�r� �b�e�a�r�i�n�g�,� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�0



�a�n�d� �t�h�e� �f�l�a�t� �f�r�i�c�t�i�o�n� �b�l�o�c�k�s� �i�n� �t�h�e� �s�w�i�v�e�l� �b�a�s�e� �o�f� �t�h�e� �b�u�n�k�,� �t�h�e� �f�r�i�c�t�i�o�n� �b�e�a�r�i�n�g� �o�f� �t�h�e� �c�o�m�p�e�n�s�a�t�i�n�g� �h�e�a�d�)� 

�i�n�c�o�r�p�o�r�a�t�e�s� �U�H�M�W� �p�l�a�s�t�i�c�-�-�a�n� �e�x�c�e�l�l�e�n�t� �a�b�r�a�s�i�o�n� �r�e�s�i�s�t�a�n�t�,� �l�o�w� �f�r�i�c�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�,� �a�n�d� �h�i�g�h� �e�n�e�r�g�y� 

�a�b�s�o�r�p�t�i�o�n� �m�a�t�e�r�i�a�l� �(�S�t�e�p�h�e�n�s�o�n�,� �1�9�9�3�)�.� �O�n�l�y� �t�h�e� �f�i�f�t�h� �w�h�e�e�l� �a�r�e�a� �a�n�d� �a�x�l�e�s� �a�r�e� �c�o�n�v�e�r�i�t�i�o�n�a�l�l�y� �l�u�b�r�i�c�a�t�e�d�.� 

�T�h�e� �s�e�l�f� �l�o�a�d�e�r� �t�r�u�c�k� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �a� �"�s�t�i�n�g�e�r� �s�t�e�e�r �� �t�r�a�i�l�e�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �e�x�c�e�p�t� �t�h�a�t� �t�h�e� �t�r�a�c�t�o�r� �f�r�a�m�e� �i�s� 

�e�x�t�e�n�d�e�d� �t�o� �a�l�l�o�w� �a� �h�y�d�r�a�u�l�i�c� �k�n�u�c�k�l�e�-�b�o�o�m� �l�o�a�d�e�r� �t�o� �b�e� �m�o�u�n�t�e�d� �b�e�h�i�n�d� �t�h�e� �c�a�b�.� �T�h�i�s� �s�o�l�u�t�i�o�n� �s�a�c�r�i�f�i�c�e�s� 

�a� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�r�a�i�l�e�r�'�s� �p�a�y�l�o�a�d�,� �b�u�t� �t�h�e� �t�r�u�c�k�e�r� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �l�o�a�d�i�n�g�/�u�n�l�o�a�d�i�n�g� �e�q�u�i�p�m�e�n�t� �a�t� �t�h�e� 

�m�i�l�l�.� 

�T�h�e� �t�h�i�r�d� �l�o�g� �t�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n� �u�s�e�d� �o�n� �t�h�e� �W�e�s�t� �C�o�a�s�t� �i�s� �t�h�e� �s�h�o�r�t� �l�o�g�g�e�r�.� �T�h�i�s� �c�o�m�b�i�n�a�t�i�o�n� �c�o�n�s�i�s�t�s� �o�f� 

�a� �t�h�r�e�e�-�a�x�l�e� �t�r�u�c�k� �a�n�d� �a� �t�w�o�-�a�x�l�e� �f�u�l�l� �t�r�a�i�l�e�r�.� �B�o�t�h� �a� �t�r�u�c�k� �a�n�d� �a� �t�r�a�i�l�e�r� �h�a�v�e� �t�w�o� �b�u�n�k�s�,� �s�o� �t�h�a�t� �e�a�c�h� �c�a�n� 

�c�a�r�r�y� �a� �l�o�a�d� �o�f� �2�0�-�f�o�o�t�-�l�o�n�g� �l�o�g�s�.� �A� �s�i�m�p�l�e� �f�u�l�l� �t�r�a�i�l�e�r� �i�s� �i�d�e�a�l� �f�r�o�m� �t�h�e� �s�t�a�n�d�p�o�i�n�t� �o�f� �w�e�i�g�h�t� �d�i�s�t�r�i�b�u�t�i�o�n�.� 

�T�h�e� �l�o�a�d� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �u�s�u�a�l�l�y� �f�a�l�l�s� �e�x�a�c�t�l�y� �a�t� �t�h�e� �m�i�d�p�o�i�n�t� �b�e�t�w�e�e�n� �t�h�e� �a�x�l�e�s�;� �t�h�u�s�,� �t�h�e� �m�a�x�i�m�u�m� 

�l�e�g�a�l� �w�e�i�g�h�t� �o�n� �e�a�c�h� �a�x�l�e� �c�a�n� �b�e� �u�t�i�l�i�z�e�d�.� �H�o�w�e�v�e�r�,� �s�h�o�r�t�w�o�o�d� �s�y�s�t�e�m�s� �h�a�v�e� �b�e�e�n� �p�h�a�s�e�d� �o�u�t� �i�n� �t�h�e� �r�e�g�i�o�n� 

�d�u�r�i�n�g� �l�a�s�t� �s�e�v�e�r�a�l� �y�e�a�r�s�.� 

�F�o�r�e�i�g�n� �C�o�n�f�i�g�u�r�a�t�i�o�n�s� 

�T�h�e� �t�h�r�e�e� �m�o�s�t� �c�o�m�m�o�n� �l�o�g� �t�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �i�n� �C�a�n�a�d�a� �w�e�r�e� �s�t�u�d�i�e�d� �b�y� �S�m�i�t�h� �(�1�9�8�1�)�.� �T�h�e� �t�h�r�e�e�-�a�x�l�e� 

�t�r�a�c�t�o�r� �a�n�d� �a� �t�a�n�d�e�m�-�a�x�l�e� �p�o�l�e� �t�r�a�i�l�e�r� �h�a�d� �a�n� �a�v�e�r�a�g�e� �G�V�W� �o�f� �9�5�,�4�0�0� �p�o�u�n�d�s�.� �A� �s�i�x�-�a�x�l�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �o�f� 

�a�n� �a�v�e�r�a�g�e� �G�V�W� �o�f� �1�1�2�,�7�7�7� �p�o�u�n�d�s�,� �c�o�n�s�i�s�t�e�d� �o�f� �a� �t�h�r�e�e�-�a�x�l�e� �t�r�a�c�t�o�r� �a�n�d� �a� �t�h�r�e�e�-�a�x�l�e� �f�r�a�m�e� �t�r�a�i�l�e�r�.� �T�h�e� 

�t�h�i�r�d� �c�o�n�f�i�g�u�r�a�t�i�o�n� �t�e�s�t�e�d� �w�a�s� �a� �t�h�r�e�e�-�a�x�l�e� �t�r�a�c�t�o�r� �p�u�l�l�i�n�g� �a� �t�r�a�i�n� �o�f� �t�w�o� �s�e�m�i�t�r�a�i�l�e�r�s�.� �T�h�i�s� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�a�v�e�r�a�g�e�d� �a�t� �G�V�W� �o�f� �1�2�6�,�0�5�3� �p�o�u�n�d�s�.� �T�h�e�r�e� �w�a�s� �a� �t�r�e�m�e�n�d�o�u�s� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�a�y�l�o�a�d�s� �f�o�r� �t�h�e� �a�b�o�v�e� �t�h�r�e�e� 

�t�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �b�u�t� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �f�o�u�n�d� �b�e�t�w�e�e�n� �t�h�e�i�r� �u�n�i�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s�.� 

�C�h�a�p�t�e�r� �2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�1



�T�h�e� �N�e�w� �Z�e�a�l�a�n�d� �L�o�g�g�i�n�g� �I�n�d�u�s�t�r�y� �R�e�s�e�a�r�c�h� �A�s�s�o�c�i�a�t�i�o�n� �(�L�I�R�A�)� �c�a�r�r�i�e�d� �o�u�t� �s�e�v�e�r�a�l� �l�o�g� �t�r�u�c�k� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t� �s�t�u�d�i�e�s� �o�v�e�r� �t�h�e� �l�a�s�t� �1�5� �y�e�a�r�s�.� �G�o�r�d�o�n� �(�1�9�8�0�)�,� �S�t�u�l�e�n� �(�1�9�8�5�)�,� �a�n�d� �T�a�y�l�o�r� �(�1�9�8�9�)� 

�c�o�m�p�a�r�e�d� �t�r�u�c�k� �h�a�u�l�i�n�g� �c�o�s�t�s� �f�o�r� �1�7� �d�i�f�f�e�r�e�n�t� �5�-�,� �6�-�,� �a�n�d� �7�-�a�x�l�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �f�o�r� �t�h�e� �C�l�a�s�s� �I�,� �a�n�d� �C�l�a�s�s� 

�I�I� �r�o�a�d�s�,� �a�n�d� �f�o�r� �o�f�f�-�h�i�g�h�w�a�y� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� �T�h�e� �r�o�a�d� �c�l�a�s�s� �c�a�t�e�g�o�r�y� �w�a�s� �d�e�f�i�n�e�d� �b�y� �t�h�e� �r�o�a�d� �l�o�a�d�-� 

�c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�y�.� �C�l�a�s�s� �I� �r�o�a�d�s� �p�e�r�m�i�t� �l�a�r�g�e�r� �a�x�l�e� �w�e�i�g�h�t�s�,� �a�n�d� �t�h�u�s�,� �g�r�e�a�t�e�r� �v�e�h�i�c�l�e� �p�a�y�l�o�a�d�s�.� �T�h�e� 

�p�e�r�t�i�n�e�n�t� �c�o�s�t�s� �a�n�d� �p�a�y�l�o�a�d� �d�a�t�a� �f�o�r� �e�a�c�h� �c�o�n�f�i�g�u�r�a�t�i�o�n� �w�e�r�e� �c�o�m�p�i�l�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �s�c�i�e�n�t�i�f�i�c� �a�n�d� �i�n�d�u�s�t�r�y� 

�s�u�r�v�e�y�s�.� �A� �m�o�d�e�l� �b�a�s�e�d� �o�n� �a�v�e�r�a�g�e� �v�a�l�u�e�s� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �p�a�r�a�m�e�t�e�r�s� �w�a�s� �d�e�r�i�v�e�d� �f�o�r� �c�a�l�c�u�l�a�t�i�n�g� 

�o�p�e�r�a�t�i�n�g� �a�n�d� �f�i�x�e�d� �c�o�s�t�s� �o�f� �t�h�e� �s�e�l�e�c�t�e�d� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �T�h�e� �m�a�j�o�r� �a�s�s�u�m�p�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l� �w�e�r�e� �t�h�a�t� �t�h�e� 

�t�r�u�c�k� �t�r�a�v�e�l�s� �5�0�,�0�0�0� �m�i�l�e�s� �p�e�r� �y�e�a�r�,� �u�s�e�s� �3�-� �o�r� �4�-� �a�x�l�e� �t�r�a�c�t�o�r� �w�i�t�h� �2�9�0� �H�P� �e�n�g�i�n�e�,� �a�v�e�r�a�g�e� �l�o�a�d�e�d� �h�a�u�l� 

�d�i�s�t�a�n�c�e� �i�t� �c�o�v�e�r�s� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�5� �m�i�l�e�s� �o�n�e�-�w�a�y�,� �t�h�r�e�e�-�q�u�a�r�t�e�r�s� �o�f� �t�h�e� �d�i�s�t�a�n�c�e� �i�s� �o�v�e�r� �h�i�g�h�w�a�y�s�,� �a�n�d� 

�t�h�e� �2�-� �a�n�d� �3�-�a�x�l�e� �t�r�a�i�l�e�r�s� �a�r�e� �p�i�g�g�y�b�a�c�k�e�d� �o�n� �t�r�a�c�t�o�r�s� �w�h�e�n� �t�h�e�y� �a�r�e� �e�m�p�t�y�.� 

�T�r�u�c�k� �o�p�e�r�a�t�i�n�g� �a�n�d� �f�i�x�e�d� �c�o�s�t�s� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �t�o� �c�o�n�s�t�i�t�u�t�e� �f�r�o�m� �8�0�%� �t�o� �9�0�%� �o�f� �t�h�e� �t�o�t�a�l� �c�o�s�t� �o�f� �a� �r�i�g�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �c�o�s�t� �o�f� �t�h�e� �w�h�o�l�e� �v�e�h�i�c�l�e� �c�a�n� �b�e� �c�o�m�p�a�r�e�d� �o�n�l�y� �f�o�r� �t�h�e� �s�a�m�e� �t�y�p�e�s� �o�f� �t�r�a�c�t�o�r�s�.� 

�T�h�e� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �a�n� �a�v�e�r�a�g�e� �c�o�s�t� �p�e�r� �t�o�n� �o�f� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �i�s� �b�y� �f�a�r� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �n�u�m�b�e�r� 

�a�n�d� �s�p�a�c�i�n�g� �o�f� �a�x�l�e�s�,� �t�h�u�s� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �m�a�x�i�m�u�m� �l�e�g�a�l� �p�a�y�l�o�a�d�,� �t�h�a�n� �t�o� �t�h�e� �f�i�x�e�d� �a�n�d� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �o�f� 

�t�h�e� �p�a�r�t�i�c�u�l�a�r� �t�r�a�i�l�e�r�.� �T�a�b�l�e� �2� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s� �p�e�r� �t�o�n� �f�o�r� �d�i�f�f�e�r�e�n�t� �t�r�a�c�t�o�r�-�t�r�a�i�l�e�r� 

�c�o�m�b�i�n�a�t�i�o�n�s� �c�a�p�a�b�l�e� �o�f� �l�o�n�g�w�o�o�d� �h�a�u�l�i�n�g�,� �b�r�o�k�e�n� �d�o�w�n� �f�o�r� �t�h�e� �t�w�o� �r�o�a�d� �c�a�t�e�g�o�r�i�e�s�.� �O�v�e�r� �t�h�e� �y�e�a�r�s�,� �6�-� 

�a�x�l�e� �c�o�m�b�i�n�a�t�i�o�n�s�;� �3�-�a�x�l�e� �t�r�a�c�t�o�r� �a�n�d� �3�-�a�x�l�e� �t�r�a�i�l�e�r�s�,� �h�a�v�e� �p�r�o�v�e�n� �t�o� �b�e� �t�h�e� �m�o�s�t� �e�c�o�n�o�m�i�c�a�l� �o�v�e�r� �t�h�e� �b�o�t�h� 

�r�o�a�d� �c�a�t�e�g�o�r�i�e�s�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �h�i�g�h�e�s�t� �f�o�r� �C�l�a�s�s� �I�I� �r�o�a�d�s�,� �a�n�d� �a�m�o�u�n�t�e�d� �t�o� �2�4�%�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n� 

�c�o�m�b�i�n�a�t�i�o�n�,� �3�-�a�x�l�e� �t�r�u�c�k� �w�i�t�h� �8�-�f�e�e�t� �s�p�r�e�a�d� �t�a�n�d�e�m�-�a�x�l�e�s� �p�o�l�e� �t�r�a�i�l�e�r�,� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �m�o�r�e� �e�x�p�e�n�s�i�v�e� �b�y� 

�5�%� �a�n�d� �1�6�%� �t�h�a�n� �t�h�e� �m�o�s�t� �e�c�o�n�o�m�i�c�a�l� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �o�v�e�r� �C�l�a�s�s� �I� �a�n�d� �C�l�a�s�s� �I�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �t�h�r�e�e� 

�c�h�e�a�p�e�s�t� �t�r�u�c�k� �t�r�a�i�l�e�r� �c�o�m�b�i�n�a�t�i�o�n�s� �f�o�r� �l�o�n�g�w�o�o�d� �r�o�a�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �r�o�a�d� �c�a�t�e�g�o�r�y�,� �a�r�e� 

�s�h�o�w�n� �i�n� �T�a�b�l�e� �3�.� 
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�T�a�b�l�e� �3�.� �T�r�u�c�k�i�n�g� �C�o�s�t� �C�o�m�p�a�r�i�s�o�n� �f�o�r� �D�i�f�f�e�r�e�n�t� �T�r�u�c�k� �T�r�a�i�l�e�r� �C�o�n�f�i�g�u�r�a�t�i�o�n�s� �i�n� �A�u�s�t�r�a�l�i�a�:� �T�h�e� 
�t�h�r�e�e� �c�h�e�a�p�e�s�t� �c�o�m�b�i�n�a�t�i�o�n�s� �f�o�r� �l�o�n�g�w�o�o�d� �h�a�u�l� �o�v�e�r� �C�l�a�s�s� �I� �a�n�d� �C�l�a�s�s� �I�I� �r�o�a�d� �c�a�t�e�g�o�r�i�e�s�,� �c�o�m�b�i�n�e�d�.� 

�B�E�S�T� �L�O�N�G� �L�O�G� �L�A�Y�O�U�T�S� �F�O�R� 

�C�O�M�B�I�N�E�D� �C�L�A�S�S� �I� �A�N�D� �I�I� �C�A�R�T�A�G�E� 

�G�e�t�o� �G�e�s� �G�e�r�e� 
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�O�b�s�e�r�v�a�t�i�o�n�s� �m�a�d�e� �o�v�e�r� �t�h�e� �l�a�s�t� �d�e�c�a�d�e� �i�n�d�i�c�a�t�e� �t�h�a�t� �i�n� �c�h�o�o�s�i�n�g� �a� �t�r�a�i�l�e�r� �e�c�o�n�o�m�i�c�s� �h�a�v�e� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� 

�b�e�e�n� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �c�r�i�t�e�r�i�o�n�.� �M�a�n�y� �o�t�h�e�r� �f�a�c�t�o�r�s� �a�f�f�e�c�t� �t�h�e� �e�q�u�i�p�m�e�n�t� �c�h�o�i�c�e�.� �C�r�i�t�e�r�i�a� �s�u�c�h� �a�s� 

�r�e�g�i�o�n�a�l� �c�o�n�d�i�t�i�o�n�s� �i�n�f�l�u�e�n�c�i�n�g� �l�o�a�d� �t�y�p�e�s� �(�s�h�o�r�t�w�o�o�d� �v�s�.� �l�o�n�g�w�o�o�d�)� �a�n�d� �r�i�g� �v�e�r�s�a�t�i�l�i�t�y� �h�a�v�e� �d�e�t�e�r�m�i�n�e�d� 

�t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �o�t�h�e�r� �u�n�i�t�s�,� �s�u�c�h� �a�s� �B�a�i�l�e�y� �B�r�i�d�g�e� �t�r�a�i�l�e�r�s�,� �w�h�i�c�h� �a�r�e� �n�o�t� �t�h�e� �m�o�s�t� �e�c�o�n�o�m�i�c�a�l�.� �T�h�e� �o�t�h�e�r� 

�v�e�h�i�c�l�e� �c�o�m�b�i�n�a�t�i�o�n�s� �g�a�i�n�i�n�g� �p�o�p�u�l�a�r�i�t�y� �i�n� �r�e�c�e�n�t� �y�e�a�r�s� �i�n� �N�e�w� �Z�e�a�l�a�n�d� �a�r�e�:� �t�h�e� �t�w�i�n�-�s�t�e�e�r� �4�-�a�x�l�e� �t�r�u�c�k�s� 

�(�e�s�p�e�c�i�a�l�l�y� �p�o�p�u�l�a�r� �f�o�r� �s�h�o�r�t�w�o�o�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�)�,� �3�-�a�x�l�e� �d�r�i�v�e� �t�r�u�c�k�s� �(�t�h�e� �e�x�t�r�a� �a�x�l�e� �i�s� �l�i�f�t�e�d� �w�h�e�n� 

�t�r�a�v�e�l�i�n�g� �e�m�p�t�y�)�,� �a�n�d� �t�h�e� �f�o�l�d�i�n�g� �B�a�i�l�e�y� �B�r�i�d�g�e� �t�r�a�i�l�e�r�.� 

�T�h�e� �r�a�p�i�d�l�y� �i�n�c�r�e�a�s�i�n�g� �p�o�p�u�l�a�r�i�t�y� �o�f� �t�h�e� �f�o�l�d�i�n�g� �B�a�i�l�e�y� �B�r�i�d�g�e� �t�r�a�i�l�e�r�s� �s�t�e�m�m�e�d� �f�r�o�m� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� 

�t�h�e� �n�e�w� �w�e�i�g�h�t� �a�n�d� �d�i�m�e�n�s�i�o�n� �r�e�g�u�l�a�t�i�o�n�s� �i�n� �F�e�b�r�u�a�r�y� �1�9�8�9�,� �w�h�i�c�h� �a�l�i�g�n�e�d� �t�h�e� �N�e�w� �Z�e�a�l�a�n�d� �l�a�w�s� �m�o�r�e� 

�c�l�o�s�e�l�y� �w�i�t�h� �t�h�e� �A�u�s�t�r�a�l�i�a�n� �t�r�a�n�s�p�o�r�t� �l�e�g�i�s�l�a�t�i�o�n� �(�T�a�y�l�o�r�,� �1�9�8�9�)�.� �T�h�e� �N�e�w� �Z�e�a�l�a�n�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �f�o�l�d�i�n�g� 

�B�a�i�l�e�y� �B�r�i�d�g�e� �i�s� �t�h�e� �f�o�l�d�i�n�g� �f�r�a�m�e� �t�r�a�i�l�e�r� �b�u�i�l�t� �b�y� �E�v�a�n�s� �E�n�g�i�n�e�e�r�i�n�g� �C�o�.� �i�n� �T�o�k�o�r�o�a�.� �I�t�s� �c�h�a�s�s�i�s� �i�s� 

�m�a�n�u�f�a�c�t�u�r�e�d� �o�u�t� �o�f� �h�i�g�h� �t�e�n�s�i�l�e� �s�t�e�e�l� �a�l�l�o�y� �f�o�l�d�e�d� �p�l�a�t�e�,� �w�i�t�h� �a�n�o�t�h�e�r� �p�l�a�t�e� �w�e�l�d�e�d� �a�l�o�n�g� �t�h�e� �b�o�t�t�o�m� �e�d�g�e�.� 

�T�h�e� �b�e�a�m� �h�a�s� �w�e�b� �s�e�c�t�i�o�n�s� �c�u�t� �o�u�t� �f�o�r� �r�e�d�u�c�e�d� �t�a�r�e� �w�e�i�g�h�t�.� �O�t�h�e�r� �w�e�i�g�h�t�-�s�a�v�i�n�g� �r�e�f�i�n�e�m�e�n�t�s� �i�n�c�l�u�d�e� 

�s�u�p�e�r� �s�i�n�g�l�e� �t�i�r�e�s� �a�n�d� �a�l�u�m�i�n�u�m� �r�i�m�s�,� �h�i�g�h� �t�e�n�s�i�l�e� �s�t�e�e�l� �s�t�a�n�d�a�r�d�s� �a�n�d� �b�o�l�s�t�e�r�s�,� �a�n�d� �s�i�n�g�l�e�-�l�e�a�f� �s�p�r�i�n�g�s�.� 

�A�l�l� �t�h�e�s�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �t�a�r�e� �w�e�i�g�h�t� �o�f� �o�n�l�y� �1�1�,�5�7�6� �p�o�u�n�d�s�.� �T�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�e�a�t�u�r�e� �o�f� �t�h�e� �t�r�a�i�l�e�r� �i�s� �i�t�s� 

�a�b�i�l�i�t�y� �t�o� �m�o�u�n�t� �a�n�d� �d�i�s�m�o�u�n�t� �o�n�t�o� �t�h�e� �t�r�a�c�t�o�r� �u�n�i�t� �u�n�a�i�d�e�d�.� �T�h�e� �p�r�o�c�e�s�s� �i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�w�o� �h�y�d�r�a�u�l�i�c� 

�c�y�l�i�n�d�e�r�s� �l�o�c�a�t�e�d� �a�t� �t�h�e� �p�i�v�o�t� �p�o�i�n�t� �o�f� �t�h�e� �t�r�a�i�l�e�r�.� �T�h�e� �o�p�e�r�a�t�i�o�n� �c�o�n�s�i�s�t�s� �o�f�:� �b�r�e�a�k�i�n�g� �t�h�e� �f�r�a�m�e� �w�i�t�h� �t�h�e� 

�a�i�d� �o�f� �t�h�e� �c�y�l�i�n�d�e�r�s�,� �b�a�c�k�i�n�g� �u�p� �t�h�e� �t�r�a�c�t�o�r� �w�h�i�l�e� �a�p�p�l�y�i�n�g� �t�h�e� �t�r�a�i�l�e�r� �b�r�a�k�e�s�,� �r�e�l�e�a�s�i�n�g� �t�h�e� �t�r�a�i�l�e�r� �b�r�a�k�e�s� 

�a�n�d� �r�e�a�c�t�i�v�a�t�i�n�g� �t�h�e� �c�y�l�i�n�d�e�r�s� �t�o� �l�o�a�d� �t�h�e� �t�r�a�i�l�e�r� �o�n�t�o� �t�h�e� �t�r�a�c�t�o�r� �(�F�i�g�u�r�e�s� �4� �t�o� �1�0�)�.� �T�h�e� �p�r�o�c�e�s�s� �t�a�k�e�s� �o�n�l�y� 

�a�b�o�u�t� �o�n�e� �m�i�n�u�t�e�.� �T�h�e� �t�r�a�i�l�e�r� �i�s� �p�l�a�c�e�d� �o�n� �t�h�e� �t�r�a�c�t�o�r� �w�i�t�h�o�u�t� �i�m�p�a�c�t�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �e�c�o�n�o�m�i�c� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �t�r�a�i�l�e�r� �w�i�t�h� �t�h�o�s�e� �o�f� �t�h�e� �o�t�h�e�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�i�s� �d�e�s�i�g�n� �i�s� 

�c�h�a�r�a�c�t�e�r�i�z�e�d� �w�i�t�h� �q�u�i�c�k�e�r� �t�u�r�n�-�a�r�o�u�n�d� �t�i�m�e�s� �d�u�e� �t�o� �h�i�g�h�e�r� �a�v�e�r�a�g�e� �s�p�e�e�d� �o�f� �t�h�e� �e�m�p�t�y� �t�r�a�i�l�e�r�,� �a�n�d� �b�y� �t�h�e� 

�i�n�c�r�e�a�s�e�d� �i�n�-�w�o�o�d�s� �m�a�n�e�u�v�e�r�a�b�i�l�i�t�y� �(�T�a�y�l�o�r�,� �1�9�8�9�)�.� 
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