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Abstract 

Tehran Shomal highway passes through Alborz mountains with a tunnel length of 6400 meters. 
There are two main tunnels. A full three-dimensional (3D) numerical analysis coupled with elasto-
plastic material models was conducted on the inclined access tunnel. Bending moment, axial force 
and the lining displacements due to the internal forces applied on the shotcrete lining are 
calculated. Axial force and bending moment applied on the lining have been evaluated using the 
FLAC 3D software program. The axial force versus bending moment of the lining is plotted. A 
criterion for assessing the effect of intersection on main tunnel behavior has been established, and 
investigated stability main tunnels by excavation of inclined access tunnel and a new support 
system suggested because of high-stress concentration at the junction. Raising support axial forces 
and bending moments may endanger tunnel stability during construction in the intersection of the 
inclined access and main tunnels. The results indicate that the existing thickness of the tunnel lining 
is safe and provides the appropriate load and moment bearing capacity. 
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Abstract: The aim of this paper is to develop a mathematical model for defining the ultimate pit limit 
using through net present value (NPV) maximization approach. In the following, two new algorithms were 
presented to simultaneously determine ultimate pit outline and mining sequence based on the maximization 
of NPV.
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INTRODUCTION 
The ultimate pit limit is an important problem, which is determined by the maximization of undiscounted 

profit or NPV. The floating cone algorithm [1] and its modified versions [2,3] methods were developed to 
generate ultimate pit limit based on the maximization of the undiscounted profit. Nevertheless, it is better 
to determine the pit outline based on the maximization of NPV. To achieve this goal a few algorithms, such 
as [4-6] were established. 

The next step of open pit design is optimization of the production scheduling [7-10]. In this paper, at first 
a binary model was developed for determining the ultimate pit limit by NPV maximization. Then, because 
the model is strongly NP-Hard, two heuristic algorithms were presented to determine the ultimate pit limit 
and blocks extraction orders simultaneously.

MODELLING
Binary and nonlinear mathematical models were presented to determine the ultimate pit limit on 

the basis of maximizing NPV and few suggestions for its linearization. To reduce the number of binary 
decision variables firstly the useless waste blocks were removed from the model. To determine the useless 
waste blocks, it is necessary to define an outline that contains all the ore blocks with regard to the mining 
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constraints. This outline is called the biggest possible pit (BPP). The other techniques to reduce the number 
of binary variables are to use the concepts of earliest and latest extraction time for each block within BPP.

HEURISTIC ALGORITHMS
This model is a strongly NP-Hard problem and so diffcult to be solved with mathematical method. 

Therefore, two heuristic algorithms are developed to determine the mining sequence and ultimate pit limit 
based on the maximization of the NPV with the use of  the concepts of positional weight, updated earliest 
extraction.

RESULTS AND CONCLUSIONS
The developed algorithms were applied for 2D and 3D block models and the obtained results obtained 

indicated that they are able to produce acceptable outputs. Complexity of the algorithms is low and easy to 
use and they can also be used for educational purpose.
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