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(Abstract) 
 
In order to make a profit in any earthmoving operation it is important to plan the 

operation, select the appropriate equipment and use the haul units efficiently in order to 

obtain the maximum productivity. Maximizing productivity is one of construction project 

management personnel’s primary objectives, but can also be one of their greatest 

challenges. The need for effective productivity planning is obvious since productivity 

ultimately translates into profit. In order to plan an earthmoving operation it is important 

to understand the travel times of the hauling equipment. Travel time is a variable that, in 

turn, depends upon other variables associated with the haul unit, and the haul road 

conditions. Presently there is no travel time model that appropriately considers these 

factors and simulates the interactions among them such that more detailed analysis could 

be performed. Such a model needs to be developed. The objective of this research is to 

develop a detailed model to simulate the travel time considering, in the amount of detail 

needed, the variables upon which travel time is dependent. The key in the development of 

the model is the calculation of acceleration. The simulation of how instantaneous 

acceleration varies may be a complex procedure because instantaneous acceleration is a 

function of numerous variables, many of which are in turn functions of the velocity and 

position, which are themselves integral functions of acceleration. The acceleration of a 

vehicle is dependent on the vehicle characteristics, road conditions, and operator. It is 

very difficult to consider changes in instantaneous acceleration by using analytical 

procedures. A numerical method should be used in order to analyze the complex system 

and determine the travel time or velocity profile of the vehicle. MATLAB  software was 

used to analyze and solve the complex system numerically. A model that considers that 

the machine is working at full capacity was developed. It considers the variables that 

affect travel time in the amount of detail needed. The impact that the operator has in the 

machine performance can be highlighted after a comparison of the results obtained with 

actual field data, once the model is calibrated. 



References 
 
Bang, Chulho, (1998), Integrated Model to Plan Advanced Public Transportation 
Systems, Ph.D. Dissertation Submitted to the Dept. of Civil Engineering, Virginia Tech, 
Blacksburg, VA. 
  
Benjamin, Jack R., Cornell, C. Allin, (1970), Probability, Statistics, and Decision for 
Civil Engineers, McGraw Hill Inc, New York 
 
Brady, Robert N., (1997), Heavy-Duty Trucks Powertrains, Systems, and Services, 
Prentice Hall, New Jersey 
 
Boulton, C.B., Blair, J.R. (1980), “A Performance Simulator for heavy dump trucks”, 
IFAC Mining, Mineral and Metal Processing, Montreal, Canada 
 
Caterpillar Dealer Channel Systems. (1996). “Fleet Production & Cost Analysis.” 
Caterpillar, U.S.A. 
 
Cat D350E/D400E Series II Articulated Truck Salesman’s Reference, (1999), Caterpillar 
Inc.  East Peoria, Ill. 
 
Caterpillar Performance Handbook. (1997), 28 Ed., Caterpillar Inc., East Peoria, Ill. 
 
Caterpillar Performance Handbook. (1999), 30 Ed., Caterpillar Inc., East Peoria, Ill. 
 
Caterpillar Service Manuals Cat D350E/D400E Series II Articulated Trucks, (1999), 
Caterpillar Inc., East Peoria, Ill. 
 
Hicks, Jimmie C., (1993), “Haul-Unit Performance,” Journal of Construction 
Engineering and Management, ASCE, 119(3), pp. 646-653.  
 
http://www.howstuffworks.com 
 
Kannan, Govindan, (1999), A Methodology For The Development Of A Production 
Experience Database For Earthmoving Operations Using Automated Data Collection, 
Ph.D. Dissertation Submitted to the Dept. of Civil Engineering, Virginia Tech, 
Blacksburg, VA. 
 
Karafiath, Leslie L., (1988), “Rolling Resistance of Off-Road Vehicles,” Journal of 
Construction Engineering and Management, ASCE, 114(3), pp. 458-471. 
 
Law, A. M. and D. K. Kelton, (1991), Simulation Modeling and Analysis, 2nd Edition, 
McGraw Hill Companies, New York, NY. 
 



Mannering, F.L., Kilareski, P.W., (1990), Principles of Highway Engineering and Traffic 
Analysis, John Wiley and Sons  
 
Martel, Ray, (1999), What is Torque Converter Stall?, 
http://www.martelbros.com/hughesperformance/converters/conv_part.html 
 
Martinez, Julio C., (1997), Class Notes, Construction Means and Methods, Spring 1997, 
Virginia Tech, Blacksburg, VA. 
 
Martinez, J.C., (1996), STROBOSCOPE State and Resource Based Simulation of 
Construction Processes. Ph.D. Dissertation, Civil & Environmental Engineering 
Department, University of Michigan, Ann Arbor, Michigan  
 
Martinez, Julio C., (1998), “EARTHMOVER - SIMULATION TOOL FOR EARTHWORK 
PLANNING”, in Proceedings of the 1998 Winter Simulation Conference, Society for 
Computer Simulation, Washington, D.C.  
 
Matlab Compiler User Manuals (1999), The Mathworks Company, USA 
(www.mathworks.com) 
 
Matlab PDF Help Manuals (1999), Ordinary Differential Equations, The Mathworks 
Company, USA  (www.mathworks.com) 
 
Meriam, J.L., Kraige, L.G., (1992), Engineering Mechanics Dynamics, Third Edition  
John Wiley & Sons, Inc., New York  
 
Mitchell, Zane W., (1998), A Statistical Analysis of Construction Equipment Repair 
Costs Using Field Data and the Cumulative Cost Model, Ph.D. Dissertation Submitted to 
the Dept. of Civil Engineering, Virginia Tech, Blacksburg, VA 
 
Nice, Kim, (2000), How Disc Brakes Work, http://www.howstuffworks.com 
 
Nichols, H. L., Jr., (1976), Moving the Earth— The Workbook of Excavation, Third 
Edition, McGraw Hill Companies, New York, NY. 
 
Nichols, H. L., Jr., Day, David A., (1999), Moving the Earth— The Workbook of 
Excavation, Fourth Edition, McGraw Hill Companies, New York, NY. 
 
Nunally, S.W. (1977), Managing Construction Equipment, Prentice Hall, Inc., New 
Jersey  
 
Oglesby, Clarkson, Parker, Henry, Howell, Gregory (1989), Productivity Improvement in 
Construction, McGraw-Hill Companies, New York, NY. 
 



Perdomo, J., Ceruti, K., Kamat, V., Maguire, J., Sparks, J. (1999) Production Planning 
Software Tools, Report submitted to Dr. Michael Vorster as part of the Means and 
Methods Course, Virginia Tech 
        
Peurifoy, R. L., W. B. Ledbetter and C. J. Schexnayder, (1996), Construction Planning, 
Equipment, and Methods, Fifth Edition, McGraw-Hill Companies, New York, NY. 
 
Pratap, Rudra, (1996), Getting Started with MATLAB; A Quick Introduction for Scientists 
and Engineers, Sanders College Publishing 
 
Roadstar, (1999), How Slow Can You Go? Retarders boost safety and cut wear on the 
rig’s service brakes, Roadstar Online, http://roadstaronline.com/1999/01/9901070.html 
 
Runge Mining. (1998). "Truck and Loader Productivity and Costing Version 7,0,0." 
Runge Mining Systems, Australia. 
 
Smith, G.L. (1970), Commercial vehicle performance and fuel economy SAE 
transactions, 700194, USA 
 
Smith, S., Wood, G., Gould, M., (2000), “A new earthworks estimating methodology”, 
Construction Management and Economics, Volume 18, Number 2, pp. 219-228  
 
Society of Automotive Engineers (1987), Heavy truck and bus retarder downhill 
performance mapping procedure, J1489, USA  
 
Society of Automotive Engineers (1996), Commercial truck and bus SAE recommended 
procedure for vehicle performance prediction and charting, J2188, USA  
 
Tummers, Bas (1999) Data Thief II User’s Manual   
 
Yank Performance Converters, http://www.converter.cc/technical_discussion.htm 
 
Volvo, (1995), “Performance Manual-Volvo BM Articulated Haulers,” 4th Edition, 
Vaxjo, Sweden. 
 


