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Abstract: Humankind has been processing rocks and using them as tools since before the advent of settled
life. Early hunting tools featured sharp rock edges, and humans have continued to work with rocks
throughout history. Mechanized excavation refers to the process of excavation using mechanical tools and
equipment. Throughout history, various power sources such as human labor, animal power, steam engines,
and fossil fuel-powered motors have been employed in excavation processes. Many of these tools and
machines have been updated and transformed into modern equipment through technological advancements.
Many of these methods are still in use today. However, with the advancements in technology, automation
systems have increasingly taken a prominent role in mechanized excavation.

This study provides an overview of the historical development of mechanized excavation and offers insights
into the modern mechanized excavation equipment used today. In light of this information, projections have
been made concerning the potential mechanized excavation methods that may be utilized in the future.
Keywords: Mechanized excavation, ancient excavation, tunneling, coal mining, future of excavation, TBM

1. Introduction

Prior to adopting a sedentary lifestyle, early humans began utilizing and processing stones for practical
purposes, including hunting. The tips of hunting tools were crafted from sharp-edged rocks, marking the
beginning of humanity’s enduring relationship with stone processing. Over the course of history, humans
continued to refine techniques for working with rocks, adapting these methods to meet evolving needs.

In contemporary society, excavation processes hold critical importance, particularly within the mining
and construction industries. The role of excavation has expanded significantly, driven by technological
advancements and the growing demands of modern society. This evolution witnessed a marked acceleration
following the conclusion of World War 11, as innovations in engineering and machinery became increasingly
accessible.

Mechanized excavation refers to the use of mechanical equipment in the excavation of rocks and soils.
Throughout history, various energy sources, including human labor, animal power, steam engines, and fossil
fuel-driven machinery, have been employed to perform excavation tasks. With technological progress, these
tools have undergone continuous transformation, evolving into sophisticated modern equipment. In recent
years, automation systems have emerged as a significant development in mechanized excavation, gradually
replacing traditional methods. One notable example of advanced technology in this field is the full-face
tunnel boring machine (TBM), which has revolutionized large-scale excavation projects.

Given society's ever-expanding infrastructure and resource demands, the continued development of
mechanized excavation is both necessary and inevitable. This study explores the historical evolution of
mechanized excavation and provides insights into its prospective advancements in the coming years.

2. First Excavations
Humankind has engaged in mining activities since ancient times. The first known mine in history was

manually excavated by Neanderthals around 40,000 BCE at Bomvu Hill in Swaziland. Subsequently, the
manual digging method was improved with the application of the fire-setting technique. This technique
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involved lighting a fire near the rock surface and then extinguishing it quickly, causing the rock mass to
crack due to the strong thermal gradient [1]. For excavation purposes, the horns and bones of animals were
initially used (Figure 1).

Fig. 1. Primitive excavation tools made from deer antler and bone residues [2]

After stone working began, rocks such as obsidian were used. (Figure 2). Obsidian was also used as a

war tool.

Fig. 2. Digging equipment made of obsidian used in ancient times [3]

3. History of Mechanized Excavation

With the industrial revolution in the 18th century, diggers and other equipment used in the mining sector
began to use this technology. With the discovery of steam power, it was first used in pumps to remove water
from the underground environment (Figure 3). Later, with the help of steam power, it began to be used to
transport excavated materials and personnel.
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With the discovery of dynamite by Alfred Nobel in 1867, it began to be used for excavation operations
in mining. It made excavation operations, especially in hard rocks, easier. One of the most important factors
in the development of mechanized excavation is the increase in the need for energy with the industrial
revolution and the resulting increase in the production need in coal mining. In this process, pressurized air-
powered pick hammers began to be used. Pick hammers were used in the production and preparation stages
in underground mines.

In coal production, kirving machines were first used in Scotland in the 1850s, with cast iron and
compressed air as a cutting tip (Figure 4). In the early 1950s, plough and drum cutting machines began to be
used in production, thus an increase in production was observed [5, 6]. The working principle of kirving
machines is to cut the coal seam horizontally along the foot, create a free surface and ensure excavation by
allowing the coal to fall under the effect of gravity.

Fig.4. Use of kirving cutting machine [7]

Mechanized excavation systems owe their development to coal mining. Mechanized excavation systems
began with their use in coal production in the 19th century. In the mid-1930s, attempts were made to load the
excavated coal with a pot-a-brick machine. Instead of pulling a pot-a-brick along the excavation face and
then digging, the idea of digging along the face led to the invention of the coal plow. The coal plow was
developed with the idea of digging by pulling a machine with cutting tips along the face [6].

Coal plows were known as a very economical technology in the production of thin coal seams in Europe
in the 1990s. However, with the transition to thick-seamed coal production mining, this technology lost its
importance. Today, with the idea of economical production of thin coal seams coming back to the agenda,
the use of plow technology has started again [8]. Plows were used very frequently in coal mines in Germany
between 1950 and 1980 [6,9].

Different types of coal plows have been developed and used. An example of the sliding type of plough
is shown in Figure 5.
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Towards the end of the 1950s, the coal plow was developed in Germany and the drum shearer in
England, and hydraulic poles were replaced by frame and shield type hydraulic walking supports [10]. In
longwall coal mining, drum shearer machines and coal plows are frequently preferred machines today. Chain
conveyors are used to transport the ore produced by both machines and mechanical supports are used to
ensure the stability of the roof [6]. Figure 6 shows a drum shearer and coal plow, which are still used for
production in coal mines today.

L

Fig.6. Coal plow and Drum Cutter loader in use [11, 12]

Along with drum shearer, continuous miners and roadheaders have been developed for underground
excavations and tunneling activities. Both machines provide excavation with cutting tips placed on a rotating
drum. With continuous miners and roadheaders, the entire excavation area cannot be excavated in one go.

Continuous miners are used for production purposes in coal mines in the USA. They are also used in
tunneling projects. A continuous miner is presented in Figure 7. Selective mining activities can be carried out
with continuous miners. While continuous miners had an operator cabin when they were first developed,
today they can be operated with a remote control without the operator being on the machine.
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Another mechanized excavation machine that has the same working principle as continuous miners is
the roadheaders. Both mining operations and excavation operations for ore production are carried out with
these machines. Roadheaders are named according to the direction of rotation of the drum on their booms. If
the drum with the cutting tips rotates parallel to the boom axis, it is called a parallel drum roadheader, and if
the drum with the cutting tips rotates perpendicular to the boom axis, it is called a vertical drum roadheader.
Although the drums have different rotation patterns, these two machines do not have any advantages or
disadvantages over each other. Both vertical drum roadheader and parallel drum roadheader are presented in
Figure 8.
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Fig.8. Vertical drum roadheader and parallel drum r

oadheader [14, 15]

While these developments were taking place in underground mining, excavators were also used as
excavation machines in open pit mining. Especially with the industrial revolution, as the need for coal mines
increased, larger capacity excavators and different excavation equipment were developed. Rotary bucket
excavators operating at higher capacities began to be used. A rotary bucket excavator is presented in Figure
9. Rotary bucket excavators are mechanized excavation machines that have digging buckets on a drum and
work on the principle of loading the excavated material into it and transporting it. At the same time, there is a
belt conveyor on it for the transportation of the excavated material and with the help of this belt, the
excavated material is loaded directly to the stock area or to the transportation equipment and the
transportation process is carried out. Rotary bucket excavators also work with the help of electric motors
today.

e bt

Fig. 9. Rotary bucket excavators [1] o

Another large capacity mechanized excavator used in open pit mining is the dragline. Draglines are
large capacity excavator machines in which a large excavation bucket is controlled by ropes and the
excavated material is transferred directly to the stockpile. Electrically operated draglines are used especially
in open pit coal mines (Figure 10).

Fig. 10. Dragline in an open-pit coal mine [17]
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This breakthrough, which began in the mid-1900s, continues today. Excavators, rotary bucket
excavators, draglines, continuous miners, roadheaders, coal plows and drum shearer are used. All of these
excavation equipment used are classified as partial face excavation machines. There are also full-face
excavation machines. These are mechanized excavators called full face tunnel boring machines (TBM) that
can excavate the entire excavation face in one go.

TBM machines are excavator machines that can perform excavating, loading, transportation and support
works on their own. The tunnel boring machine developed by Charles Wilson, an American engineer, in
1851 was the first tunnel boring machine that could perform full face cutting and had a rotating cutting head
[18]. Subsequently, the compressed air tunnel boring machine was developed by Colonel Beaumont in 1881.
This tunnel boring machine is a machine that has cutting bits that break the rock into dust on a fixed cutting
head (Figure 11). This machine was used for exploration in the English Channel and excavated more than 1.8
km [19, 20].

e

Fig. 11. Compressed air tunnel boring machine developed in 1881 [19]

Today, TBM machines are used very frequently in tunneling projects. TBM machines are also used in
hard rocks and soft rock excavations. There are different types for this. The classification of TBMs is
presented in Table 1.

Table 1. TBM Classification [21]

TBM Classification

Main Beam TBM

Open TBM’s Open Gripper TBM

Kelly Beam TBM

One Shielded TBM
Telescopic TBM

Gripper Shielded TBM
Slurry Pressure Balance TBM
Earth Pressure Balance TBM
Compressed Air Balance TBM
Mix-shield TBM

Special TBMs

Shielded TBM’s

Shielded TBMs are generally used in soft and non-massive rock excavations, while open TBMs are
used in massive and hard rock excavations.

Today, TBMs are used in many different sizes, from the construction of infrastructure systems in cities
to the opening of tunnels with a diameter of 20 m. Figure 12 shows a micro TBM used in urban
infrastructure works and the world's largest TBM used to date.
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Fig.12. Micro TBM and Big TBM [22, 23]
4. Conclusions

When we examine from ancient times to the present, excavation operations have always been very
important for humanity. Many excavation operations have been carried out for shelter, raw material supply,
irrigation and transportation purposes. The process of digging with bare hands began and today, artificial
intelligence-supported automation systems are used, excavation operations are carried out without even the
need for an operator.

The biggest breakthrough started after the industrial revolution and accelerated in the second half of the
1900s. During this period, the use of steam power, the use of hydraulic systems and the integration of
electrical systems into excavation mechanization have led to today's mechanized excavation systems.

Mechanized excavation systems, which make great contributions especially in terms of occupational
health and safety, have also played a very important role in shortening project periods. Thanks to
mechanized excavation systems, the negative environmental effects resulting from underground excavations
have been reduced to minimum levels.

Considering the advancement of technology, it is inevitable that there will be some innovations in
mechanized excavation systems. The development of artificial intelligence and its ability to solve some
problems means that in the future, problems encountered during excavations underground or aboveground
can be solved by artificial intelligence. Therefore, it is very likely that there will be mining sites completely
controlled by robots in the near future. As a result of the information fed to artificial intelligence applications
as a result of the drilling, it should be expected that they will take part in very important decision
mechanisms such as how to extract the ore deposit in the most efficient way, what kind of production method
will be chosen, and which equipment will be chosen. Therefore, the planning process of a mine and the
mechanized excavator to be used during the operation will be able to produce and implement instant
solutions to the problems encountered underground with the support of artificial intelligence. It is necessary
to accept the fact that in the not-too-distant future, mining activities will also be completely dependent on the
automation system and this system will be managed by artificial intelligence
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