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Foreword

[ranians were forerunners in the construction of
various engineering structures. Ancient water
structures with an age of thousands of years are
proof of this claim. Tunnelling in its various
forms and purposes including the construction of
dwelling units or Qanats to provide access to
water, and the excavation of ores from the
depths of ground are evidence of the arnt and
civihization of ancient Iranians,

In the last three decades a new movement in
runneiling has been experienced in Iran. In the
1980 drilling borcholes with pneumatic pick
hammers gave way to the use of Jumbo drilling
machines and Roadheaders for excavations in
semi-hard rocks. In the 1990's the use of NATM
in tunnelling became more common and metal
and wooden frames were replaced by shoterete
and rockbolts for support. [n the 2000’ and with
the entrance of TBM machines into the country,
Iranian engingers were able 10 excavate™lgng
water conveyance tunnels with an advance rate
of more than 1000 m in one month. TheWield of
tunnelling which in the past was Qimited o
mining, road and railway tunnels gfagbroadened
with  the construction of gsubWays,  waler
conveyunce tunnels, watgr stguctiPes, urban
service tunnels and other siibtert@ian structures
and enabled lIran's tugfelenginecring to be
internationally recognizgd)

"The Magnificence of Civilization in Depths of
Ground" written by Dr. Siamak Hashemi,
magnificently documents the history of tunnelling
and its evolution in lran. It also shows part of the
contribution of Iranian art and knowledge to
the development of their own and the world's
history and civilization. The lranian Tunnelling
Association  {IRTA) proudly supports the
publication of this book and hopes that the

readers find it useful and interesting,

The Iranian Tunnelling Association

www irta.ir
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Preface

The first underground spaces were probably
constructed in ancient times for dwelling
purposes. This shows that the early inhabitants
were looking for improvements in their living
conditions. The importance of tunnel
construction in the past was such that they were
considered as a sign of cultural and engineering
advance and development and social wealth.
Early civilizations discovered the importance of
tunneling for accessing and cxcavating minerals
and natural material. Underground spaces were
constructed for dwelling, religious and burial
purposes, and also for excavating tunnels for
water conveyance and passage. The construction
and use of underground spaces in Iran dates
back to ancient times. Remains of hundreds of
underground structures with various applications
can be found around the country.

The art of tunnelling was well known by ancient
[ranians and considering the current growth<ef
population and their needs, in addition to new
developments in this field, tunnelling still ‘plays
an important role in many engineering d¢igties.
Although to the general publig, \most
underground structures are copdenged in the
common word “tunnel” but specialists) make a
distinction between the kind'ef strii@hure, its size
and the method of consffetion. They usually
distinguish between galleriés, tunnels, caverns
and shafts. For example in mining, funnels or
galleries are simply a means to an end. However
water, road and railway tunnels have a long life
span which nceds to be considered in their
design and support. Some historic structures
such as underground dwelling units, temples and
tombs; or modern power plant caverns are
chamber-like whilst in others such as Qanats and
tunnels the length to width {or diameter) ratio is

much larger.
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This book will review different types of
underground structures in Iran and their historic
background. After a brief review of Iran’s
engineering history in chapter |, ancient
underground structures are reviewed in chapters
2 to 6. Chapter 7 introduces modern tunnelling
methods, and chapters § to 14 review modern
underground spaces in addition Lo their historic
background.

The structures reviewed in this book introduce
only a small fraction of cngincering skills of
ancient Iranians and include only a limited
number of sites and modern tunnelling projects.
It is certain though that ancient Iranians were
advanced in their engineering knowledge; a path

which is continued at present,
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The Brief History of Engincering in Iran

Introduction
Iran is a large country in southwest Asia that
connects the Astan continent with Europe and
Africa. The geographical position of Iran has
turned 11 into the crossroad of civilizations and
the access road of Eust and West. Persia was
known as a cradle of science in earlier times.
and Persians made importamt contributions to
different fields such as medicine, mathematics,
astronomy, literature, philosophy, and art. They
also made various innovations in the field of
engineering,

The excavation of Qanats with tens of
kilometers length for water supply and
trrigation, the construction of gravity and arch
dams with heights up to tens of meters,
construction  of

cisterns, wind  towers,

caravanserais,  castles, bridges and other
structures, some of which are still in use, are
signs of advanced engineering through past
centuries.

The extent of this country resubted in enornius
geographic  diversity. Two long and rugged
mountain ranges, the Alborz and the Hagros
mountains, combined with two Ve thng
coustlines, the Caspian Sea coagi Bmedin the
north and the southern coasgl plins of the
Persian Gull and the Gulf of Oman, 40 addition
1o the arid eastern and céhtral Bdsins of Iran
have lead to the creatigMaihdiverse climates.
This diversity is not Wmifed to climate and it

may also be seen in its inhabitants,

Geographical position of Tran

Ancient [ranians lived in a vast plateau bound
from the east to the Hindu Kush mountains and
from the west and southwest to the Zagros
mountains. The Soleiman Mountains separated
the plateau from the Indus river basin. It borders
to the Persian Gulf from the south. Mesopotamia

(meaning "[land] between rivers" in Greek) and
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Asia Minor were also parts of [ran in Ancient
times.

[ran has very warm summers and cold winters,
although in lower parts of the country the
climate is more moderate. Farming was common
in river valleys where cultivating land was
possible. Although most farmers were tent-
dwellers, but both in the east and west animal
husbandry was also carried out by residents.
Animals were brought to higher grassland in
mountains in summers and kept in river valleys
during winter. Hunting was also of importance
in different areas.

Iran is one of the oldest centers of agriculture in
the world. Archeological findings show that Iran
had a high level of agriculture in the fourth
mitlennium B.C.; four or five thousand year old
wheat and barley grains were found during
excavations. Many plants and fruits found
nowadays in Asia minor, central Asia, and near
the Mediterranean sea, were planted 1000 B.C.
in Iran. In the Karoun river valley, southwest'@f
Iran, olive trees used to be planted. During the
Sassanid era Iranians were planting sugar @ane,
rice and other plants .

Beside the unequal water resource§, Iiulgan, the
growing population, advances in agriuiture, and
lead

develop artificial irrigatiorly systems and to

reduction of rain, amgient lranians to
construct related structures,sgme of which are

known as masterpiccC®gip human history.
Ramified canals, ancient dams and weirs, and
underground water conveyance tunnels, known

as Qanat, are few such examples.

Inhabitants of Iram

The beginning of lranian civilization dates back
to the Old Stone Age or Paleolithic age!’. The
Paleolithic era in Iran can be divided into three
periods: Lower Paleolithic Period (800000 to
200000 B.C), Middle Paleolithic  Period
(200000 to 40000 B.C.), Upper Paleolithic
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The Brief History of Engineering in Iran

Period (40000 to 18000 B.C.). This period was
followed by the Epipaleolithic (18000 to 11000
B.C.), and Neolithic (11000 to 6000 B.C.) periods.
Prehistoric sites in Iran are known primarily
from caves and rock sheliers in the central
Zagros mountains along with a few sites on the
Caspian Sea coast and scattered sites on the
desert platcau. Stone artifacts, blades and
bladeler tools in addition to human and animal
remains are amongst the findings of these
periods. Examples of Lower Paleolithic era
include findings in Darband Cave in Gilan

B Various remains of  Middle

provinge
Paleolithic Mousterian have been found in
Warwasi Cave ™ °1 Bisotun Cave 167 8 near
Kermanshah, and Kunji Cave ™! and Arjanch
Cave near Lorestan. The Yafieh Cave is an
example of an upper Paleolithic site in Lorestan

1o, 11

province . Findings of the Epipaleotithic

era include those of the Huto Cave and the
Kamarband (Belt) Cave * '3 and Al Tappch

3. .
Cave " in Mazandaran province.
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Kamarband Cave

Almost ten thousand years ago hunismen
gradually changed their lifestyle and first
villages were built. Agriculture, stock farniing,
poitery, weaving, and construction of houses
began at that time. Ancient locations suchgas the
Sialk mound in Kashan, Cheshmeh Adiyin Rey,
and Ganj Darreh in Hamedan are remingderstof
those times.

The migration of humans and givilizations
throughout history always{gcctinggd to improve
living conditions, whicli}im aficient times meant
more water and ferfilg,ground. In this process
and by the end of the Neolithic era, some
Indo-European tribes called Arya {Sanskrit word
for noble or free born) migrated with their herds
from the east and central Asia into the eastern
parts of lran’s plateau. They called this land
Aryanam Khashathram -the land of Aryans-
which gradually changed to Eran-Shahr and
finally to Iran. In Iran too, people moved to
different locations in search for more fertile
this and with the
first

ground. In process

development  of  villages, urban

communities originated and cities were founded
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Fhe Brief History of Engineering in Iran

and structures requiring  special engineering
skills were built. First urban settlements were
established by inhabitants of the Khouzestan
plain in Susa and Chogha Mish about 6800 years
BC [14. ISI].

{meaning “The Bumt City™) in Sistan and

Remains of Shahr-e-Sukhte

Balouchestan province dating back to 3200
B.C., is another demonstration of civilization
east of prehistoric Persia U177

At the same tune other settlements were
established in neighbouring countries in arcas
such as in Mesopotamia, west of Tigris, cast of
the Amu River, north of the Aral Seu. and north
of Caucasus mountains, During the first
mittennium B.C. different tribes settled in iran
which included the Median tribes who settled in
the northwestern parts of Iran, the Persian tribes
who settled in the southwest, and the Parthians

who settled in the cast.
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The birth of Iran

Growing population, and development ofi urban
areas and social relations between @diffegent
tribes and groups, resulted in industdialigation.
Many people became active in mining and
exploitation of minerals such ag iwon, copper,
lead, silver, gold, and buildingtsiénes such as
granite and marble, anlpredious stones. This
activity was especialf§afaviured in mountainous
areas. Craftsmanship and farming made many
residents of these areas wealthy. Attacks from
Assyrians and tent-dwellers of neighbouring
countries in the west, united different
settlements and Median cities to confront these
artacks. A powerful central state was established
in Ecbatana (today’s Hamedan) around 700 B.C.
The first Iranian King, Deioces, founded the first
Iranian government and by the beginning of the
6" century B.C. he united Persian tribes. His
grandson Cyaxares, joined forces with the

Babylonians. This alliance overthrew the
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The Brief History of Engineering in Iran

Assyrian Empire and destroyed Nineveh in
612 B.C.. following which the new Iranian
Empire was born. Cyaxures was succeeded by
his son, Astyages, who was the maternal
grandfather of Cyrus the Great. Cyrus overthrew
the Median Empire in 550 B.C. and founded the
Achaemenid kingdom. Under his rule the empire
expunded vastly and eventually conquered most
of southwest Asia and much of central Asia and
the Caucasus und he created the largest empire
the world had yet seen. He played a crucial role
in defining the national identity of modemn Iran
and is recognized for his achievements in
politics. military strategy, and in human rights,
In an inscribed cylinder made of clay {length
22.5 cm and maximum diameter 10 ¢m), which
was found by Hormazd Rassam in 1879 in
Babylon ], Cyrus the Grear presented the
world with the cylinder of human rights, known
as “The Cyrus Cylinder™. It was originally
inscribed and buried in the foundations of a wall
after Cyrus the Great captured Babylon Wig
539 B.C. The text is written in Babylonian
cuneiform and although there is no Wirect
reference to human rights in the inscripifon hut
the text clearly shows the humane @nd¥eshecttul
treatment by a ruler toward higgpedple. Today,
this would be considered apmabter of human

rights.
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Engineering in [ran

The history of engineering began at a time when
humans started using different materials to
improve living conditions and became familiar
with their properties. The history of civilization
is actually the story of finding and exploiting
these materials,

Archeological studies have shown that Iran was
one of the first civilizations in human history.
Many engineering techniques ariginated in Iran
which later advanced in Iran itself or in other
places. Several sources of ancient engineering
from different eras have remained in Iran, each
having their own method and style.

With the change of lifestyle and spread of
farming, village socicties

agriculture and

were formed and crafismanship such as
cloth-weaving, pottery and construction became
common. Much of the development and extent
of culture, science, and craftsmanship dates back
to the Median era. Ancient sites such@gs
Ecbatana (today’s Hamedan), Noushijan in
Malayer, Baba-Jan in Lorestan, Godin-Téppeh
in Kermanshah, and several tombs in th@westof
Iran are remainders of that era.

With the beginning of the Achaeménid era the
use of Aryan language, Zoroastriap réligion, and
the usage of the “old Persiap culelform script”
consisting of 36 phori¢tie, ¢haracters and 8
logograms (20. 21 peddimg, Gommon. Many new
developments occurred in the fields of art,
science and craftmanship during that time. The
use of animal skin for writing, construction of
dams to develop agriculture, mintage of coins
and use of money for trade instead of exchange
of necessities, establishing courier services and

22 are some

the first known real postal system
of the achievements of that era.

Engineering activities at that time included the
construction of the Royal Road which connected
most of the major cities of the empire such as

Persepolis, Susa, and Ecbatana to cities in
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