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Pricing

Estimating tunnel construction costs is one of the critical steps in project
management. Several factors influence the total cost of a tunnel project, and the
complexity and uncertainty in identifying these factors often lead to inaccurate
cost estimates. Various analytical methods have been developed to estimate
tunnel construction costs, but all have drawbacks. Utilizing real data from other
projects can mitigate these shortcomings. In this research, we first discuss the
growth of the tunneling industry and its impact on the development of economic
infrastructure. We then review the historical research on tunnel cost estimation
and the methodologies that have been developed in this area. The lack of a pricing
schedule for tunnel construction in Iran, unlike in developed countries, results in
inaccurate cost estimates for tunnel projects. This study examines both definite
and probabilistic methods for estimating the cost of mechanized tunneling, based
on the price schedule of "Dam Field 1403." We compare the cost of tunneling in
Iran with other countries. The results indicate a 30% difference in the ratio of
labor costs to the total project cost and a 92% difference in the cost per meter for
mechanized tunnels in Iran compared to other countries. This discrepancy
discourages private contractors from engaging in tunnel projects in Iran.
Therefore, we propose the development of a comprehensive pricing schedule for
tunneling to enhance the accuracy of cost estimation for tunnel projects in Iran.

Introduction

categories: deterministic and probabilistic.

In recent years, the tunneling industry has been
recognized as an indicator of economic
development. Road and subway tunnels play a an
important role in national and international
communication infrastructures, while water
conveyance tunnels are crucial for the supply of
drinking water for agriculture and industry,
thereby contributing to the sustainable
development of regions. In developed countries,
various strategies are employed to manage the
risks and costs associated with underground
projects. In Japan, for example, the contractual
laws and division of responsibility distribute the
total risk among the employer, the contractor,
and the machine manufacturer (Shahriar et al.,
2008).

In general, methods for estimating tunnel
construction costs are divided into two main

Deterministic methods provide a single value as
the best estimate of tunnel construction
costscost, but they do not take into account for
uncertainties that may arise from unpredictable
geological conditions or variable operating
conditions. In contrast, probabilistic methods
recognize the importance of risk analysis to
calculate and quantify uncertainties. These
methods estimate tunnel costs as a probability
distribution function and provide a cost range
(Ahmed, 2021).

Many studies have utilized deterministic
methods to estimate tunnel costs. One notable
example is the innovative approach by the
California Department of Water Resources,
introduced after evaluating the total cost of
several water transmission tunnels in California
in 1959. However, this model was only
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applicable in America and specifically for
conventional tunneling methods.

Rostami et al. (2013) investigated and compared
a model using multiple regression analysis to
estimate costs, based on data from 272 tunnel
projects with different drilling methods and
geological conditions in Canada and the
UnitedStates. The drilling methods included
conventional methods (6.3%), hard rock
mechanization (24.3%), mechanization in loose
ground (32.9%), mixed ground (6.4%), and
microtunneling  (32.9%).  Tunnels  were
categorized into water and sewage, road,
railway, and subway tunnels. Costs were
calculated based on the 2008 U.S. dollar index.
In this study, the results for mechanized
tunneling in hard rock were examined in
particular.

Materials and Methods

Parameters affecting on tunnelling cost

The cost of constructing underground projects
varies across different countries and depends on
a number of factors. The impact of various
factors on the total cost of tunneling can be
categorized into five groups: very high, high,
medium, low, and very low. Wages, the number
of laborers, materials, consumables for the
implementation of auxiliary structures, and the
equipment used are among the most significant
of these factors.

Tunnel cost estimation methods

The estimation of tunneling costs is based on the
analysis of cost prices from real projects
implemented. In this section, we utilize the
results of two studies by Rostami et al. (2013)
and Ahmed (2021). Comparing the methods of
Rostami et al. (2013) with those of Ahmed
(2021), it is evident that Rostami's method is
closer to total costs. The results of this
comparison are summarized here.

The tunneling industry in Iran, unlike other
countries, does not have a specialized price list
within  its  management and planning
organization for tunneling. In order to solve this

problem, Iran usually uses the price list of the
basic unit for railway and airport runways or dam
construction field announced by the same
organization. In this study, the basic unit price
list for dams, as published by Iran's Management
and Planning Organization, was mainly used due
to the factors of simplicity and adaptability.

Results and Discussion

This section compares the economic cost of
mechanized tunneling per meter in Iran with
other countries. In Iran, unlike elsewhere, the
estimation of tunnel excavation costs is based on
the basic unit price list for dam construction and
is done in a non-specialized manner.

The unit price per meter for a tunnel, based on
the 1403 basic unit price list for the dam
construction field, was calculated for a
mechanized hard rock tunnel with a diameter of
4.5 meters and an assumed length of 10,000
meters, as an example for water transportation
tunnels. This estimate shows a 92% difference in
the cost of mechanized tunneling for water
transmission and subway tunnels, and an 88%
difference for sewage tunnels in Iran compared
to the global average. Additionally, labor costs
in tunnel projects in developed countries
typically constitute 40-60% of the total project
cost (Bilgin and Acun, 2024). An analysis of an
ongoing tunnel project in Iran shows that labor
costs account for only 30% of the total cost.

Conclusions

The tunneling industry, as an indicator of
economic development, has made significant
progress in recent decades. This research
examines various factors that influence the total
cost of mechanized excavation for road, subway,
and water transmission tunnels. It introduces
both deterministic and probabilistic methods for
estimating the total cost of mechanized tunnel
construction, using the 1403 dam construction
price list to compare the cost of tunnel
excavation in Iran with that in other countries.
Additionally, the ratio of labor costs to the total
cost of tunnel construction was investigated
using data from international projects and an
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ongoing tunnel project in Iran. The results
indicate a 30% labor cost difference and a 92%
cost differential per meter for mechanized
tunneling in Iran compared to other countries.
This significant price difference can lead to
stagnation, lack of  competition, and
underdevelopment in the tunne sector, hindering
infrastructure development. The introduction of
a specific price list for tunneling, taking into
account the unigue conditions and uncertainties
of this sector, could address these problems. In
addition, the adoption of new contractual
principles based on risk sharing in underground
activities would contribute to a fair distribution
of costs and reduce funding disparities.

The tunneling industry as an indicator of
economic development has made significant
progress in the recent decades. In this research,
while examining the various factors affecting the
total cost of mechanized excavation of road,
subway and water transmission tunnels, as well
as introducing definitive and probable methods
for estimating the total cost of mechanized
tunnel construction, based on the price list of

dam construction in 1403, the cost of tunnel
excavation in Iran, it was compared with the cost
of tunnel construction in other countries. Also, to
check the ratio of labors costs to the total cost of
tunnel  construction, the information of
international projects and one of the tunnel
projects under construction in lran were used.
The results of this research show that the cost
difference of 30% of labors and 92% of boring
each meter of mechanized tunnel in Iran
compared to other countries. The existence of
this large price difference can cause the
stagnation of lack of competition and
development in the field of tunneling and as a
result the lack of development of the country's
infrastructure. The introductionand presentation
of a special price list for the field of tunneling,
taking into account the specific conditions of this
secto rand the existing uncertainties, can be a
solution in this respect. The use of new
contractual principles based on the sharing of
risks in underground activities can also be of
great help in the fairly distributing costs and
reducing credit and allocation differences.
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Table 4. Summary of results of costs and multivariate regression analysis for mechanized sewage tunnels (Rostami
etal., 2013)
. . Number | F; 2¢0 Equation of fitted curve/multi-variable regression equati
Application | Type of excavation of data A R%(%) on
. 80 Unit cost(k$/m)=3.618exp 268D
Wast t Hard rock h
aserwa o el roze dmec Al 34 | 089 o Cost(M$)=107(0.319+0.901log of length(km)+1.35 log
of diameter(m))
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Table 5. Summary of the results of costs and multivariate regression for mechanized water hard rock tunnels
(Rostami et al., 2013)

Applicati | Type of excavati | Number F R2(% Equation of fitted curve/multi-variable regression equati
on on of data A (%) on
Hard rock mecha 91 Unit cost(k$/m)=2.693D1-262
Water nized 21 0.86 98 Cost(M$)=10/(0.553+0.866 log of length(km)+1.23 log
of diameter(m))
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Fig. 6. Unit cost vs. diameter for mechanized subway soft and hard rock tunnels (Rostami et al., 2013)
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Table 6. Summary of the results of costs and multivariated regression analysis for subway mechanized tunnels
(Rostami et al., 2013)

S P : : v :
Applicatio Type ot excavation Number o Fe R2(%) Equation of fitted curve/m_ultl variable regression eq
n f data A, uation
i — 0.1849D
Hard rock mechani 34 Unit cost(k$/m)=7.672exp _
Metro sed 7 0.81 68 Cost(M$)=-97.2 + 11.7 length(km) + 28.3diameter(
m))
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Table 7. Summary of the results of costs and multivariated regression analysis for mechanized road and railway
tunnels (Ahmed, 2021)

P,
Tunneling method | Number of data A—C R? Equation of fitted curve/multi-variable regression equation
[

0.603 Unit cost(M£/m)=1.708D*-206
0.926 Cost(M£)= 287.197 + 27.281 (L) - 22.518(D)
L is tunnel length in (km), and D is tunnel diameter in (m)

Mechanized 14 0.81

03,50 VoSS g A Jgaz ;0 danlie ol bl aods o)l (Rostami et ) Sas g oty sloyis, ool dunlio b
FOM PNV s, Laseie (Ahmed, 2021) w.>! L al., 2013)

W) (SLo.J LSLQMJQ LJ s d)UaJ u‘)&““ 9 ;o.m" )
ool goly sla kg5 sl (Ahmed, 2021) ae>1 5 (Rostami et al., 2013) ., Kan g ooy sl iy, guls amslio A Jgo>
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Table 8. Comprasion of the results of the methods of Rostami et al. (2013) with Ahmed (2021) for mechanized
road and railways tunnels

. Tunnel appli | Tunneling meth | Number F; Equation of fitted curve/multi-variable
Studies . — R? - .
cation od of data . regression equation
=10/
Road Conventional 12 | 2514 | 0,95 | COSUMSIM)=107(151+1.02 Log(L)+0.
374 log(D)
. Cost(M$/m)=107(1.10+0.933 Log(L)+
(Rostami et al, Conventional 13 1.343 | 0.77 0.614 log(D)
201 ized-
013) Railway Mecza?;id har 7 0.241 | 0.68 | Cost(M$)=-97.2 +11.7 (L) + 28.3(D)
Mechanized-soft Cost(M$/m)=107(1.23+1.05 Log(L) +
2 1.851 .
ground 8 8 0-90 0.636 log(D)
RoadandRa | . . 1 0768 | 0-79 | Cost(ME)=287.197 + 27.281 (L) - 225
(Ahmed, 2021) lway 8 18(D)
' Road and Ra . 0.92 | Cost(M$/m)=107(0.337+0.894 Log(L)
. Mechanized 14 0.782
ilway 6 +1.343 log(D)

L is tunnel length in (km), and D is tunnel diameter in (m)
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Table 9.Amount of some of important materials used in tunnel construction
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