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ABSTRACT 

 

Ready-Mixed Concrete (RMC) is a perishable product; hence, specifications such as ASTM 

C94 recommend the delivery of RMC under 1.5-hours to ensure the quality. It is known that 

certain scheduling practices and driving behaviors lead to operational inefficiencies and poor-

quality RMC. We propose a model to schedule RMC trucks while maximizing both the profit 

and job coverage, as well as meeting constraints such as ASTM C94 and continuous casting. 

The proposed solution consists of a rule checker and a scheduler. Rule checker enforces 

constraints such as deadlines, working hours, and ASTM C94 specification for travel time. 

The scheduler uses simulated annealing to assign as many jobs as possible while maximizing 

the overall profit. We consider two scenarios where trucks are attached to a given RMC plant, 

as well as allowed to move across plants as per job requirements. Using a workload derived 

from an actual RMC delivery company, we demonstrate that the proposed solution has good 

coverage of jobs while maximizing the overall profit. For example, compared to the manual 

job allocation, proposed solution in the fixed-plant scenario increases the average job coverage 

and profit by 13% and 9%, respectively. Moreover, the solution could automatically adjust the 

first unload time by a few 10s of minutes to reduce job conflicts, and this further enhances 

average job coverage and profit to 21% and 13%, respectively. Further, free-to-move scenario 

enhances the average job coverage and profit by 16% and 14%, respectively indicating that 

the scheduling could be further optimized by allowing trucks to move across the plants as per 

the job requirements. 

 

Keywords: Fleet Management; Ready-Mixed Concrete; Scheduling; Simulated 

Annealing 

  



v 

 

ACKNOWLEDGEMENT 

 

Foremost, I would like to pay my sincere gratitude to my research supervisor Dr. 

H.M.N. Dilum Bandara for his knowledge, motivation and commitment guiding me 

throughout the Research Degree program to research and write this thesis. Moreover, 

my heartfelt gratitude is extended to my co-supervisor Eng. Nishal A. Samarasekera 

for his immense assistance and guidance in making this study an authentic product.  

Further, I would like to thank Nimbus Venture (Pvt) Ltd for providing dataset for the 

research and I would also like to gratefully acknowledge the Senate Research Grant 

No. SRC/LT/2016/14 of the University of Moratuwa, Sri Lanka for funding this 

research. 

Finally, I would like to extend my gratitude to my parents and my wife for providing 

me with unfailing support and continuous encouragement throughout these years.  



vi 

 

TABLE OF CONTENT 

 

DECLARATION, COPYRIGHT STATEMENT AND THE STATEMENT OF THE 

SUPERVISOR iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

LIST OF FIGURES viii 

LIST OF TABLES ix 

LIST OF ABBREVIATIONS x 

1. INTRODUCTION 1 

1.1 Motivation 2 

1.2 Problem Statement 3 

1.3 Objectives 3 

1.4 Outline 3 

2. LITERATURE REVIEW 5 

2.1 Ready-Mixed Concrete Delivery 5 

2.2 Truck Scheduling Patterns 6 

2.2.1 RMC Truck Dispatching 7 

2.2.2 Machine-learning Based Techniques 7 

2.2.3 Genetic Algorithm for RMC Scheduling 9 

2.2.4 Simulated Annealing for Scheduling 9 

2.2.5 Particle Swarm Optimization for RMC Scheduling 10 

2.2.6 Ant Colony Optimization for RMC Scheduling 11 

2.3 Summary 11 

3. PROBLEM FORMULATION 12 

3.1 Characteristics of Problem 12 



vii 

 

3.2 Constraints 13 

3.3 Optimization Problem 16 

4. PROPOSED SOLUTION 17 

4.1 Rule Checker 17 

4.2 Job Scheduler 18 

5. PERFORMANCE ANALYSIS 23 

5.1 Workload Creation 23 

5.2 Simulation Results 28 

6. SUMMARY AND FUTURE WORK 37 

6.1 Conclusion 37 

6.2 Research Limitations 38 

6.3 Future Work 39 

REFERENCES 41 

 

 

  



viii 

 

LIST OF FIGURES 

 

Figure 2.1. RMC truck cycle. ....................................................................................... 5 

Figure 4.1. Solution model for rule checker. ............................................................. 18 

Figure 5.1. Areas served by the two plants. ............................................................... 23 

Figure 5.2. Daily fuel consumption plot of a RMC truck. ......................................... 24 

Figure 5.3. Travel time of a RMC truck (5 trips). ...................................................... 25 

Figure 5.4. Distribution of (a) plant and (b) job locations. ........................................ 26 

Figure 5.5. Graphical representation of the performance of three solutions. ............. 32 

Figure 5.6. Profit comparison for the different cooling rates. .................................... 35 

Figure 5.7. Job coverage comparison for the different cooling rates. ........................ 35 

 

 

  

file:///C:/Users/Biman/Downloads/RMC_Truck_Scheduling_Thesis_Draft_V5.0.docx%23_Toc536596375


ix 

 

LIST OF TABLES 

 

Table 3-1. Characteristics of the problem. ................................................................. 13 

Table 3-2. List of symbols related to job, plant, truck, and solution. ........................ 14 

Table 4-1. Comparison of different solution scenarios. ............................................. 22 

Table 5-1. Job distribution across the week. .............................................................. 26 

Table 5-2. SA job coverage against initial temperatures with 0.003 cooling rate. .... 27 

Table 5-3. DPSO job coverage against number of iterations with 30 population...... 28 

Table 5-4. Job scheduling performance comparison (fixed plant scenario). ............. 29 

Table 5-5. Job scheduling performance comparison against the best case. ............... 30 

Table 5-6. Job scheduling performance comparison (Simulated Annealing vs. 

Discrete Particle Swarm Optimization). .................................................................... 30 

Table 5-7. Job scheduling performance comparison (fixed plant and free to move 

scenario) . ................................................................................................................... 31 

Table 5-8. Proposed job allocation results with a varying time window (fixed plant 

scenario). .................................................................................................................... 34 

Table 5-9. Comparison of proposed solution (increment of average job coverage and 

profit) vs. manual job allocation (traditional scenario). ............................................. 36 

Table 5-10. Comparison of proposed solution (variation of average job coverage and 

profit) vs. manual job allocation (best case scenario). ............................................... 36 

 

 

  



x 

 

LIST OF ABBREVIATIONS 

 

ACO  Ant Colony Optimization 

ANN   Artificial Neural Network 

ANS   Artificial Neural Systems 

API  Application Programming Interface 

DPSO  Discrete Particle Swarm Optimization 

GA  Genetic Algorithm 

GPS  Global Positioning System 

HC   Hill Climbing 

IBK   Instance Based Learner 

ILP  Integer Linear Programming 

J48   Decision Tree (Implementation of algorithm ID3) 

ML  Machine Learning 

NB   Naïve Bayes 

PART   Rule based algorithm 

RMC   Ready Mix Concrete 

SA   Simulated Annealing 

SMO   Sequential Minimal Optimization


