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Abstract

The aim of the study was to analyze the impact on the strip ratio (SR) through 
varying haul road geometric parameters in two types of deposits, namely one with a 
steeper dip and a second one with a more equidimensional horizontal behavior. The 
SRs and the overall slope angle were compared with a base scenario, where the results 
show an increase in the SR when: (a) the width of the haul roads was increased; (b) the 
longitudinal grade of the road was decreased; and (c) switchbacks were added. The in-
crease in the longitudinal grade of 2% was considered the best-case scenario, resulting 
in 1.08% decrease in the SR for the horizontal deposit and in a 4.15% decrease for the 
vertical one. It was also noticed that the SR variations are inversely proportional to the 
overall slope angle variations, illustrating the important role that the geometric design 
of the haul roads has in the return on capital.
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1. Introduction

Mining
Mineração

One of the main tasks within 
strategic mine planning is the opera-
tional pit design, aiming to maximize 
the return on investment. The haul 
road design is an essential element of 
the final pit, typically composed of 
geometric, structural and functional 
aspects (Thompson and Visser, 1997). 
In open pit excavations, the geometric 
design is directly related to the mass of 
ore and waste being hauled, and thus 
it is important to critically analyze the 
relationship between all the variables 
involved in the process of haul road de-
sign and the effects that it may have on 
the economic outcome of the final pit.

According to Hustrulid et al. 

(2013), the strip ratio (SR) is defined 
as the mass of waste that needs to be 
removed to release a unit mass of ore. 
The variation of SR values is due to the 
alteration of certain design parameters 
of the pit, among them the overall 
slope angle, which can release or block 
the ore located to the final pit, as well 
as increase or reduce the waste mass 
(Wyllie and Mah, 2014). It is intuitive 
that the flatter the overall slope angle, 
the greater the mass of waste being 
removed to access the ore. Thus, when 
measuring this value as a function of 
the geometry of the deposit and the 
final pit design with the incorporation 
of roads, it is necessary to understand 

the consequences of decisions taken in 
the planning stage. For example, an 
increase in SR and mining costs may 
invariably penalize the cash flow and the 
net present value (NPV) of the project 
(Frith and Colwell, 2011).

Typically, production is hauled by 
trucks and to reach the bottom of the 
pit, it is necessary to use access ramps. 
Thompson (2011) stated that the main 
objective of haul road geometric design 
is to ensure that the trucks can travel the 
shortest possible distance with the maxi-
mum speed, leading to shortest time and 
guaranteeing the safety of the operation. 
The main geometric elements of open pit 
haul roads can be seen in Figure 1.
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Figure 1
Geometric elements of haul roads
in mining operations (Thompson, 2011).

During the planning or production 
phases, there may be a need for changes 
in the geometry of haul roads because 
of operational adaptations, such as fleet 
replacement, addition of safety elements 
(e.g. central berms), elevation of lateral 
berms, etc. Among the various geomet-
ric parameters that are affected by these 
changes are width, longitudinal grade 
and the need to add switchbacks. As 
the variation of these elements affect the 
overall slope angle - and consequently 
the SR, it becomes important that these 
changes are planned and analyzed with 
special attention to evaluate the impacts 
in the project (Hustrulid et al., 2013).

Therefore, the dependence rela-
tionship between the SR, the overall 
slope angle and the haul road geometry 
is evident. The magnitude of economic 
implications when varying these param-
eters differs according to the deposit 
and the operational pit generated. For 
example, Sullivan (2006) showed that 
a decrease in the overall slope angle by 
5° for a medium-size open pit operation 
using haul roads can result in a 20% 
reduction in the costs associated with 
mining. However, no studies have been 
found that compare these variations for 
different deposits and scenarios with 
different road geometries.

Consequently, the objective of this 
paper is to evaluate the impact on the 
SR when varying the geometric param-
eters of the final pit haul roads for two 
different types of deposits. The article 
first presents the operational and geo-
metrical parameter and the variables 
being studied.  Thereafter the analysis 
is performed for a range of parameters 
and discussed. Finally, the conclusions 
are presented and show the significant 
effect of haul road properties on the 
economic feasibility for different mine 
pit configurations, and is thus an issue 
that must be considered during the ini-
tial mine planning stage.

2. Material and methods

In order to evaluate the consequences 
of the variation of haul road geometric pa-

rameters, two types of deposits with different 
dimensions were selected, one more vertical 

and the other more horizontal, as shown 
in the cross sections presented in Figure 2.

Figure 2
Block models sections for (a) vertical (I) 
and (b) horizontal (II) deposits.

(a) (b)

Table 1 presents the information 
about the dimensions of the blocks used 

for each type of deposit, as well as the total 
number of blocks.

Deposit I Deposit II

Block dimension X (m) 15 8

Block dimension Y (m) 15 8

Block dimension Z (m) 5 8

Total Blocks 1.402.155 301.110

Table 1
Information about the 
block models used in the study.
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The optimum pits were generated 
using the NPV Scheduler® software, 
which resulted from the maximization 
of NPV through the Lerchs-Grossmann 

optimization algorithm (Lerchs and 
Grossmann, 1965; Tolwinski and 
Underwood, 1996). Several alterna-
tive pit designs were generated using 

the Studio OP® software. The geo-
metric parameters used in the analy-
sis for each deposit are presented in  
Table 2.

Deposit I Deposit II

Geometry Vertical Horizontal

Face Angle (°) 70 70

Berm Width (m) 6 6

Bench Height (m) 10 8

Table 2
Geometric parameters used 

to generate the operational base pits.

For each type of deposit, different 
scenarios were generated by varying 
the geometric parameters of the haul 
roads of a base pit, as well as the ad-
dition of switchbacks with different 

radius of curvature. The variation 
of the parameters was not additive, 
as can be observed in Table 3 where 
the alternative layouts are designated 
A to E, which shows the values used 

for each distinct scenario. Since no 
operational information was provided 
(e.g. type of haul truck, production, 
etc.), usual values were used for  
the parameters.

Scenario Road Width (m) Longitudinal Grade (%) Switchback Radius of 
Curvature (m)

Base 12 10 -

A 15 10 -

B 12 8 -

C 12 12 -

D 12 10 5

E 12 10 10
Table 3

Haul road geometric 
parameters for each scenario.

The overall slope angles of all sce-
narios were measured using 6 distinct 
sectors of the pit. The overall slope angle 
of each pit was then calculated by the 

average value of the 6 cross-sections.
Finally, the comparative analysis 

was carried out by evaluating the per-
centage differences in SR, in the ore and 

waste masses (increased or reduced) and 
in the overall slope angle of A, B, C, 
D and E alternatives in relation to the 
base pit. 

3. Results and discussion

Figure 3 presents the ultimate pits 
generated and used for the development of 

each scenario where the different haul roads 
geometries were included in the pit design.

Figure 3
Optimum pits generated by the NPV 

Scheduler for (a) deposit I and (b) deposit II.

The automatic generation of opera-
tional pits resulted in more than one pit 
in both situations. In order to standardize 
the comparison between scenarios, it was 

decided to work only with the largest pit 
observed and the geometric parameters 
of the smaller pit roads were not modi-
fied during the analysis. Figures 4 and 5 

show the pits generated in each scenario 
for the deposits I and II, respectively. The 
road designs developed are highlighted in 
orange for each scenario.

(a) (b)
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Figure 4
Pits generated by the 
Studio OP for each scenario of deposit I.

Figure 5
Pits generated by the 
Studio OP for each scenario of deposit II.

Figure 6 shows the sections used 
to calculate the overall slope angle in the 

scenarios. In each sector, the overall slope 
angle was measured and the average value 

of the 6 sections was used to calculate an 
average overall slope angle of the entire pit.

Figure 6
Sectorization used to calculate 
the overall slope angle of the pit.
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The results showed that in both 
types of deposits changes in the geo-
metric parameters of the roads impacted 

on the masses of waste and ore in the 
final operational pit. Figure 7 shows the 
quantitative results obtained from the 

generation of the pits and inclusion of 
the different geometric road designs for 
deposits I and II.

(a) (b)

Figure 7
Quantitative results

of ore, waste, SR for each 
scenario of (a) deposit I and (b) deposit II.

The results also showed that the 
variations in the amount of waste and 
ore in the final operational pits presented 
similar trends in both deposits. Since the 
amount of ore remained practically steady, 
it can be stated that the SR is dictated by 
the amount of waste material.

While there were slight changes 
in ore masses, there was observed an 

increase in the waste mass in practi-
cally all cases when compared to the 
base case design, which consequently 
increased the SR values as well. Scenario 
C, which corresponds to a 2% increase 
in the longitudinal grade of the road, 
was the exception. In this scenario, 
there was a decrease in the waste mass 
incorporated into the final pit due to a 

lower average haulage distance. This 
geometrical design reduced the number 
of road passes in a certain highwall, 
with a consequent increase in the over-
all slope angle and reduction of SR, as 
can be seen in Figure 8, which shows 
the overall slope angle for the same 
section in the base pit design and in the  
alternative scenario C.

(a) (b)

Figure 8
Overall slope angle for 

a same section in (a) base pit 
and (b) scenario C – vertical deposit.

In order to better understand the 
relationship between the SR and the 
overall slope angle when varying the 

haul road geometric design, linear re-
gression curves were created using all 
scenarios. Figure 9 shows the behavior 

of SR as a function of the overall slope 
angle for each scenario in the deposits 
I and II.

(a) (b)

Figure 9
Relationship between overall slope angle 

and SR for (a) deposit I and (b) deposit II.

The analysis of Figure 9 indi-
cates that these variations in SR are 
directly associated with the overall 
slope angles resulting from the op-
erational pits with an inversely pro-
portional relationship between them, 

a behavior already observed in other 
similar studies (Oliveira, 2016). In 
addition, the figure also shows that 
this relationship can be extended to 
similar deposits, allowing the possi-
bility of creating average SR estimates 

for hypothetical final pit designs. In 
this analysis, the overall slope angle 
was obtained by varying geometric 
elements in a cross section of the pit 
using basic trigonometry, as shown 
in Figure 10.
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Figure 10
Elements and equation
to calculate the overall slope angle.

The variations are better under-
stood when calculating the percentage 
differences of waste, ore, SR and overall 

slope angle in relation to the base pits, 
as shown in Tables 4 and 5 for deposits I 
and II, respectively. The negative values 

stand for decrease, and positive values 
for increase.

Scenario Waste (%) Ore (%) SR (%) Overall Slope Angle (%)

Base - - - -

A 3.94 0.28 3.65 -1.86

B 3.94 0.56 3.36 -1.69

C -4.29 -0.15 -4.15 1.74

D 2.45 -0.04 2.49 -1.48

E 4.62 0.18 4.43 -2.27

Table 4
Variations in waste, ore, 
SR and overall slope angle for deposit I.

Scenario Waste (%) Ore (%) SR (%) Overall Slope Angle (%)

Base - - - -

A 3.85 0.81 3.01 -1.09

B 4.11 1.21 2.86 -0.79

C -1.79 -0.72 -1.08 1.12

D -0.03 -0.77 0.75 -0.42

E 1.23 -0.77 2.02 -1.10

Table 5
Variations in waste, ore,
SR and overall slope angle for deposit II.

It is observed that the variations 
of the SR were more accentuated for 
the vertical pit, which is explained by 
the more significant changes in the 
overall slope angles because of the 
deposit geometry and consequently 
the confinement and depth of the pit.

The increase of road width (sce-
nario A) and the decrease of longi-
tudinal grade by 2% (scenario B) 
contributed to a slight increase of 
ore in both cases. However, there is 
a higher increase in the waste mass, 
which negatively affected the SR. Hus-
trulid et al. (2013) stated that wider 
roads tend to decrease the overall 
slope angle, which was evident and 
quantified in the results of scenario 
A. In scenario B, the reduction of this 
angle can be explained by the increase 
in the number of road passes in a cross 
section, which increases the length of 
the haul roads to the same depth.

The addition of switchbacks 
with different radius of curvature 
(scenarios D and E) did not favor the 
reduction of SR. The vertical deposit 
had more expressive additions of waste 
to the final pit design, which can be 
explained by its greater depth and the 
need for a greater number of passes in 
the same section for the ramp to reach 
the surface topography. However, the 
scenario E - horizontalized deposit, 
seems to be a promising option, since 
it increased SR at a smaller rate than 
the other scenarios. In this case, a 
strategic allocation of switchbacks in 
an attempt to increase the recovery of 
ore blocks could prove to be effective. 
Nevertheless, a better analysis of the 
economic drawbacks is necessary, 
since switchbacks increase the haulage 
costs due to the additional number of 
curves with a resultant decrease in 
the speed of the trucks, penalizing the 

production and safety (Tannant and 
Regensburg, 2001).

In both deposits, the increase of 
the longitudinal grade by 2% (scenario 
C) produced a negative impact on 
the masses of ore and waste. In this 
scenario, the increase in the overall 
slope angle was due to the decrease 
in the number of road passes in the 
same cross section of the pit. However, 
there were fewer blocks of waste added 
to the final pit, reducing the SR and 
providing a best-case scenario in the 
context of mine planning. It is still 
important to consider an economic 
analysis to better understand the con-
sequences that this change can cause 
in the trucks’ cycle times, which is 
already described in  literature and 
in haul road guidelines for mining 
(Kaufman and Ault, 1997; Tannant 
and Regensburg, 2001; Thompson, 
2010; Visser, 2015).
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4. Conclusions 

This study concluded that strategic 
changes in geometric parameters of the 
haul roads can affect the overall slope 
angle of the final pit and the mass of 
waste and ore - and consequently the SR. 
The results showed that a 2% increase in 
the longitudinal grade of the road con-
tributed to a reduction in SR of 1.08% 
for a more horizontalized pit, and up to 
4.15% in a deeper and more vertical one. 
However, the increase in road width, 
decrease in longitudinal grade and inclu-
sion of switchbacks increased the SR for 
both deposits, which resulted from the 
decrease of the overall slope angle and 
consequent addition of waste blocks to 

the final pit.
These variations are important in 

the mining sector, which aims to generate 
profit through strategic mine planning. 
That is because the decrease in SR may 
have a positive impact on the annual cash 
flow of the project, possibly contributing 
to the maximization of NPV. Consider-
ing that many mining companies are 
constantly optimizing their mine plan, 
the study provides important insights 
to the industry in terms of financial 
assessment of mining projects. Further 
research is planned to continue with the 
investigation of scenarios, where it is 
possible to compare the financial gains 

resulting from the reduction of SR with 
possible increases in the cycle time of 
trucks and/or in operational costs.

The results can be extended to 
other deposits that have equivalent ge-
ometries through the regression curves 
obtained as a first approximation of the 
impact in SR for different alternatives 
of haul road design. However, it is con-
sidered that for a higher level of detail, 
similar studies must be carried out to de-
termine the size of equipment in the early 
stages of design or in fleet replacement 
analysis. It is also recommended to carry 
out a more detailed study to evaluate an 
optimum scenario as a function of NPV.
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