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Figure 1 shows the overview of the logic 
model as a flowchart. It should be noted that 
this model is designed based on process-
oriented approach. Any movable entity does 
the same processes during their movements 

and interactions with different resources in 
each process. Movable entities of this model 
are the dumps and their tracks, forming the 
logic model. 

 

Truck & 
Dump Truck 
Arrival(TMs)

Loading 
Process(LMs)

Sand Haulage 
Process

Unloading 
Process

Enough for 
current layer?

No

Embankment 
Process(EMs)

Yes
All layers 

Embanked?

No
=

Embanking next layer

Embankment 
Process Finished

Yes

 
Fig. 1. Embankment operation flowchart in simulation model 

 
At first, transporting machines (TMs) enter 
LA. Then, LMs that extracts materials from 
mines do the loading process. When loading 
process is finished, TMs start Sand Haulage 
process to arrive at EA. In the EA, the TMs 
start unloading process. Then, if unloading 
is not enough for current layer, TMs go for 
loading process again. However, if it is 
enough for current layer, the embankment 
process will be started. In this operation, 
embankment machines (EMs) act and do the 
distribution, clearing, threshing, and water 
spray operations. Therefore, if not all layers 
are embanked, the loading process will start 
again; however, if all layers are embanked, 

embankment process will finish, and when 
there are many TMs in LA or EA, the traffic 
has been created. 
 

4. Analytical Model 
Shell material embankment is developed 
based on the real-time simulation approach 
changing the input variables for the user 
during the procedure of simulation. This 
ability allows users to combine two or many 
scenarios. Therefore, the user is able to 
make new scenarios during running 
simulation model. Consequently, if it is 
possible, better responses than the current 
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Fig. 3. Shell embankment logic 

 Control Logic: this logic controls the quantity of 
control variables and model input variables at 
different times of simulation concurrently. The 
ability to change which is made by users during 
the simulation is supported by this logic. The 
VBA (visual basic for application) programming 

that blocks the control loop is used in this logic. 
The quantity of control variables and input 
variables are updated with intervals of an hour 
simulation. The user will be able to make 
timescales shorter or longer if needed.
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  
Fig. 4. Control logic 

 
4-4. Control Panel 
In this model, the control panel as a user 
interface helps managers and project's 
decision-makers to benefit from the results 
without needing professional knowledge 

simulation and access to resource and model 
logic. This capability makes this model a 
program for project managers. Figure 5 
shows a user panel of shell materials 
embankment simulation model. 
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