
History of construction

This article describes the history of construction
tools and methods – how things were built. See
history of architecture for the history of building
types and styles – what things were built. See
History of structural engineering for the history
of building structures.

Church in Kizhi, Russia is listed as UNESCO world heritage site
as a building constructed entirely out of wood, in the log building
technique

People have constructed buildings and other structures
since prehistory, including bridges, amphitheatres, dams,
roads and canals. Building materials in present use have
a long history and some of the structures built thousands
of years ago are regarded as remarkable. The history of
construction overlaps that of structural engineering and
many other fields. To understand why things were con-
structed the way they were in prehistory, we also need to
rely on archaeology to record the form of the parts that
survive and the tools used, and other branches of history
and architecture to investigate how the builders lived and
recorded their accomplishments.

The history of building is marked by a
number of trends. One is the increasing dura-

A reconstruction of a pit-house type dwelling made with mam-
moth bones

Construction Workers

bility of the materials used. Early build-
ing materials were perishable, such as leaves,
branches, and animal hides. Later, more
durable natural materials such as clay, stone,
and timber, and, finally, synthetic materials,
such as brick, concrete, metals, and plastics
were used. Another is a quest for buildings
of ever greater height and span; this was made
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2 1 CHRONOLOGICAL DEVELOPMENT

possible by the development of stronger mate-
rials and by knowledge of how materials be-
have and how to exploit them to greater advan-
tage. A third major trend involves the degree
of control exercised over the interior environ-
ment of buildings: increasingly precise regula-
tion of air temperature, light and sound levels,
humidity, odours, air speed, and other factors
that affect human comfort has been possible.
Yet another trend is the change in energy avail-
able to the construction process, starting with
human muscle power and developing toward
the powerful machinery used today.[1]

Also, a trend toward more fire-safe materials.

1 Chronological development

The history of construction is a complex subject encom-
passing the history of building materials, the history of
engineering, the history of building techniques, economic
and social history of builders and workmen, the history of
construction machinery and temporary works, etc. Each
of these has a complex literature devoted to it.

1.1 Neolithic construction

Neolithic buildings in Skara Brae, Skara Brae is listed as a
UNESCO world heritage site

Neolithic, also known as the old Stone Age, was a time pe-
riod roughly from 9000 BC to 5000 BC named because it
was the last period of the age before wood working began.
The tools available were made from natural materials in-
cluding bone, antler, hide, stone, wood, grasses, animal
fibers, and the use of water. These tools were used by
people to cut such as with the hand axe, chopper, adze,
and celt. Also to scrape, chop such as with a flake tool,
pound, pierce, roll, pull, leaver, and carry. Building ma-
terials included bones such as mammoth ribs, hide, stone,
metal, bark, bamboo, clay, lime plaster, and more.

A reconstruction of a neolithic fortified village showing a
palisade wall and stilt houses at the Pfahlbau Museum Un-
teruhldingen, Germany. Image: Andreas F. Borchert

For example, the first bridgesmade by humans were prob-
ably just wooden logs placed across a stream and later
timber trackways. In addition to living in caves and rock
shelters, the first buildings were simple shelters, tents like
the Inuit’s tupiq, and huts sometimes built as pit-houses
meant to suit the basic needs of protection from the ele-
ments and sometimes as fortifications for safety such as
the crannog. Built self-sufficiently by their inhabitants
rather than by specialist builders, using locally available
materials and traditional designs and methods which to-
gether are called vernacular architecture. The very sim-
plest shelters, tents, leave no traces. Because of this, what
little we can say about very early construction is mostly
conjecture and based on what we know about the way
nomadic hunter-gatherers and herdsmen in remote areas
build shelters today. The absence of metal tools placed
limitations on the materials that could be worked, but
it was still possible to build quite elaborate stone struc-
tures with ingenuity using dry stone walling techniques
such as at Skara Brae in Scotland, Europe’s most com-
plete Neolithic village. The first mud bricks, formed with
the hands rather than wooden moulds, belong to the late
Neolithic period and were found in Jericho. One of the
largest structures of this period was the Neolithic long
house. In all cases of timber framed and log structures
in these very early cultures, only the very lowest parts of

https://en.wikipedia.org/wiki/Skara_Brae
https://en.wikipedia.org/wiki/Skara_Brae
https://en.wikipedia.org/wiki/UNESCO
https://en.wikipedia.org/wiki/World_heritage_site
https://en.wikipedia.org/wiki/Bone_tool
https://en.wikipedia.org/wiki/Stone_tool
https://en.wikipedia.org/wiki/Hand_axe
https://en.wikipedia.org/wiki/Chopper_(archaeology)
https://en.wikipedia.org/wiki/Adze
https://en.wikipedia.org/wiki/Celt_(tool)
https://en.wikipedia.org/wiki/Scraper_(archaeology)
https://en.wikipedia.org/wiki/Flake_tool
https://en.wikipedia.org/wiki/Mammoth
https://en.wikipedia.org/wiki/Hide_(skin)
https://en.wikipedia.org/wiki/Lime_plaster
https://en.wikipedia.org/wiki/Palisade
https://en.wikipedia.org/wiki/Stilt_house
https://en.wikipedia.org/wiki/Pfahlbau_Museum_Unteruhldingen
https://en.wikipedia.org/wiki/Pfahlbau_Museum_Unteruhldingen
https://en.wikipedia.org/wiki/Bridge
https://en.wikipedia.org/wiki/Timber_trackway
https://en.wikipedia.org/wiki/Cave_dweller
https://en.wikipedia.org/wiki/Rock_shelter
https://en.wikipedia.org/wiki/Rock_shelter
https://en.wikipedia.org/wiki/Tent
https://en.wikipedia.org/wiki/Tupiq
https://en.wikipedia.org/wiki/Hut_(dwelling)
https://en.wikipedia.org/wiki/Pit-house
https://en.wikipedia.org/wiki/Crannog
https://en.wikipedia.org/wiki/Self-sufficiency
https://en.wikipedia.org/wiki/Vernacular_architecture
https://en.wikipedia.org/wiki/Dry_stone
https://en.wikipedia.org/wiki/Skara_Brae
https://en.wikipedia.org/wiki/Mudbrick
https://en.wikipedia.org/wiki/Jericho
https://en.wikipedia.org/wiki/Neolithic_long_house
https://en.wikipedia.org/wiki/Neolithic_long_house
https://en.wikipedia.org/wiki/Timber_framing
https://en.wikipedia.org/wiki/Log_building


3

the walls and post holes are unearthed in archaeological
excavations, making reconstruction of the upper parts of
these buildings largely conjectural.
Neolithic architecture ranges from the tent to the
megalith (an arrangement of large stones) and rock-
cut architecture which are frequently temples, tombs,
and dwellings. The most remarkable Neolithic struc-
ture in Western Europe is the iconic megalith known as
Stonehenge, regarded by some archaeologists as display-
ing methods of timber construction such as at woodhenge
translated into stone,[2] a process known as petrification.
The now ruinous remains are of post and lintel construc-
tion and include massive sandstone lintels which were lo-
cated on supporting uprights by means of mortise and
tenon joints; the lintels themselves being end-jointed by
the use of tongue and groove joints.[3] There is also
evidence of prefabrication of the stonework; the sym-
metrical geometric arrays of stone clearly indicate that
the builders of Stonehenge had mastered sophisticated
surveying methods.[4] Neolithic villages large enough to
have rural and urban features are called proto-citys to dis-
tinguish them from cities beginning with Eridu.

1.2 Gallery of Neolithic tools

• Man using a hand axe

• A Neolithic stone axe with a wooden handle. Found
at Ehenside Tarn, now in the British Museum

• A stone adze not from the neolithic period but sim-
ilar in concept. Attribution: Brooklyn Museum

• A sickle for harvesting crops and thatching materi-
als.

• Various bone tools from China

• Bone hammer from the Linear Pottery Culture

• A chisel made of bone, Sechseläutenplatz, Zürich

• A sledge for moving heavy materials.

• A stone drill

• A bow drill (this example is from a much later pe-
riod).

• An example of how fire was used as a tool to work
wood, these Native Americans are making a dugout
canoe. Note in the background a fire arranged
around the base of a tree to fell the tree.

2 Copper Age and Bronze Age con-
struction

The Copper Age is the early part of the Bronze Age.
Bronze is made when tin is added to copper and brass

A bronze saw from the archaeological site of Akrotiri - Museum
of prehistoric Thera - Santorini, Greece. Image: Norbert Nagel /
Wikimedia Commons

is copper with zinc. Copper came into use before 5,000
BC and bronze around 3,100 BC, although the times vary
by region. Copper and bronze were used for the same
types of tools as stone such as axes and chisels, but the
new, less brittle, more durable material cut better. Bronze
was cast into desired shapes and if damaged could be re-
cast. A new tool developed in the copper age is the saw.
Other uses of copper and bronze were to “harden” the cut-
ting edge of tools such as the Egyptians using copper and
bronze points for working soft stone including quarrying
blocks and making rock-cut architecture.
During the Bronze Age the corbelled arch came into use
such as for beehive tombs. The wheel came into use but
was not common until much later. Heavy loads were
moved on boats, sledges (a primitive sled) or on rollers.
The Egyptians began building stone temples with the post
and lintel construction method and the Greeks and Ro-
mans followed this style.

3 Iron Age construction

The Iron Age is a cultural period from roughly 1200 BC
to 50 BC with the widespread use of iron for tools and
weapons. Iron is not much harder than bronze but by
adding carbon iron becomes steel which was being pro-
duced after about 300 BC. Steel can be hardened and
tempered producing a sharp, durable cutting edge. A new
woodworking tool allowed by the use of steel is the hand-
plane.

3.1 Construction in ancient Mesopotamia

The earliest large-scale buildings for which evidence sur-
vives have been found in ancient Mesopotamia. The
smaller dwellings only survive in traces of foundations,
but the later civilisations built very sizeable structures in
the forms of palaces, temples and ziggurats and took par-
ticular care to build them out of materials that last, which
has ensured that very considerable parts have remained
intact. Major technical achievement is evidenced by the
construction of great cities such as Uruk and Ur. The
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Ziggurat of Ur

Ziggurat of Ur is an outstanding building of the period,
despite major reconstruction work. Another fine example
is the ziggurat at Chogha Zanbil in modern Iran. Cities
created demands for new technologies such as drains for
animal and human sewage and paved streets.
Archaeological evidence has shown the existence of
pitched-brick vault[5] s such as at Tell al-Rimah in what
is now Iraq.

3.1.1 Materials

The chief building material was the mud-brick, formed
in wooden moulds similar to those used to make adobe
bricks. Bricks varied widely in size and format from small
bricks that could be lifted in one hand to ones as big as
large paving slabs. Rectangular and square bricks were
both common. They were laid in virtually every bonding
pattern imaginable and used with considerable sophisti-
cation. Drawings survive on clay tablets from later pe-
riods showing that buildings were set out on brick mod-
ules. By 3500 BC, fired bricks came into use and surviv-
ing records show a very complex division of labour into
separate tasks and trades. Fired bricks and stone were
used for pavement.
Life in general was governed by complex ritual and this
extended to rituals for setting-out buildings and moulding
the first bricks. Contrary to popular belief the arch was
not invented by the Romans, but was used in these civ-
ilizations. The later Mesopotamian civilizations, partic-
ularly Babylon and thence Susa, developed glazed brick-
work to a very high degree, decorating the interiors and
exteriors of their buildings with glazed brick reliefs, ex-
amples of which survive in the Tehran archaeological mu-
seum, the Louvre Museum in Paris and the Pergamon
Museum in Berlin.

• Detail of the Ishtar Gate (575 BC) showing the ex-
ceptionally fine glazed brickwork of the later period.
Glazed bricks have been found from the 13th cen-
tury B.C.

• The pitched-brick vault is a type found in
Mesopotamia circa 2000 BC.

• Babylon,the archaeological site in 1932, before ma-
jor reconstruction work undertaken by Sadam Hus-
sein

• Dried bricks stacked ready for firing without the use
of a kiln.

• Egyptian stonework showing tool marks and butter-
fly interlocks in the Temple of Kom Ombo begun
180-145 BC

3.2 Construction in ancient Egypt

Further information: Ancient Egypt, Ancient Egyptian
architecture, List of ancient Egyptian sites, List of
Egyptian pyramids and Egyptian pyramids

Karnak, Hypostyle hall

Aerial view of the Ramasseum in Thebes with its associated
adobe structures

As opposed to the cultures of ancientMesopotamia which
built in brick, the pharaohs of Egypt built huge structures
in stone. The arid climate has preserved much of the an-
cient buildings.
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A copy of a wall painting in the tomb of Rekhmire between 1550
and 1292 BC.

3.2.1 Materials

Adobe (sun-baked mud brick) construction was used for
ancillary buildings and normal houses in ancient times
and is still commonly used in rural Egypt. The hot,
dry climate was ideal for mud-brick, which tends to
wash away in the rain. The Ramesseum in Thebes,
Egypt (Luxor) provides one of the finest examples of
mud brick construction. Extensive storehouses with mud-
brick vaults also survive, all constructed with sloping
courses to avoid the need for formwork.
The grandest buildings were constructed in stone, often
from massive masonry blocks. The techniques used to
move massive blocks used in pyramids and temples have
been subject to extensive debate. Some authors have sug-
gested that the larger blocks may not be cut stone but fab-
ricated with concrete.

3.2.2 Technology

Main article: Ancient Egyptian technology

Although the Egyptians achieved extraordinary feats of
engineering, they appear to have done so with relatively
primitive technology. As far as is known they did not use
wheels or pulleys. They transported massive stones over
great distances using rollers, ropes and sledges hauled by
large numbers of workers. The ancient Egyptians are
credited with inventing the ramp, lever, lathe, oven, ship.
paper, irrigation system, window awning, door, glass, a
form of plaster of Paris, the bath, lock, shadoof, weaving,
a standardized measurement system, geometry, silo, a
method of drilling stone, saw, steam power, proportional
scale drawings, enameling, veneer, plywood, rope truss,
and more. There are no surviving Egyptian manuals so
there has been considerable speculation on how stones
were lifted to great heights and obelisks erected. Most
theories centre on the use of ramps.
Imhotep, who lived circa 2650–2600 BC, is credited with
being the first recorded architect and engineer.

Karnak, Hypostyle hall

3.2.3 Outstanding achievements

The pyramids are chiefly impressive for their enormous
size and the staggering manpower that must have been
employed in their construction. The largest is the Great
Pyramid of Giza which remained the tallest structure in
the world for 3800 years (see List of tallest freestanding
structures in the world). The engineering problems in-
volved were chiefly to do with the transport of blocks,
sometimes over long distances, their movement into lo-
cation and exact alignment. It is now generally agreed
that the skilled building workers were respected and well
treated, but undoubtedly very large numbers of labourers
were necessary to provide the brute force.
The methods used in the construction of the pyramids
have been the subject of considerable research and dis-
cussion (see: Egyptian pyramid construction techniques).

• Great Pyramid of Giza, the tallest building in the
world for over 3800 years

• Menkaures Pyramid, Giza

3.3 Construction in ancient Greece

Further information: Architecture of ancient Greece,
List of ancient architectural records and List of ancient
roofs

The ancient Greeks, like the Egyptians and the
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An illustration showing masonry techniques of ancient Greece
and Rome.

Mesopotamians, tended to build most of their common
buildings out of mud brick, leaving no record behind
them. However very many structures do survive, some
of which are in a very good state of repair, although
some have been partly reconstructed or re-erected in the
modern era. The most dramatic are the Greek Temples.
The Greeks made many advances in technology includ-
ing plumbing, the spiral staircase, central heating, urban
planning, the water wheel, the crane, and more.
The oldest “construction drawing” is in the Temple of
Apollo at Didyma. An unfinished stone wall was etched
with the profiles of columns and moldings, and the wall
was never finished so the drawing was not erased: a
rare glimpse into the history of working construction
drawings.[6]

No timber structures survive (roofs, floors etc.), so our
knowledge of how these were put together is limited. The
spans are, in the main, limited and suggest very simple
beam and post structures spanning stone walls. For the
longer spans it is uncertain if the Greeks or Romans in-
vented the truss but the Romans certainly used timber
roof trusses. Before 650 B.C.E. the now famous ancient
Greek temples were built of wood, but after this date be-
gan to be built of stone.[7] The process of a timber struc-
ture being repeated in stone is called petrification[8] or
“petrified carpentry”.
Fired clay was mainly restricted to roofing tiles and asso-

ciated decorations, but these were quite elaborate. The
roof tiles allow a low roof pitch characteristic of ancient
Greek architecture. Fired bricks began to be employed
with lime mortar. Very prominent buildings were roofed
in stone tiles, whichmimicked the form of their terracotta
counterparts. While later cultures tended to construct
their stone buildings with thin skins of finished stones over
rubble cores, the Greeks tended to build out of large cut
blocks, joined with metal cramps. This was a slow, ex-
pensive and laborious process which limited the number
of buildings that could be constructed. The metal cramps
often failed through corrosion.
Building structures mostly used a simple beam and col-
umn system without vaults or arches, which based strict
limits on the spans that could achieved. However, the
Greeks did construct some groin vaults, arch bridges and,
with the Egyptians, the first “high rise”, the Lighthouse
of Alexandria, one of the Seven Wonders of the Ancient
World.
Greek mathematics was technically advanced and we
know for certain that they employed and understood the
principles of pulleys, which would have enabled them to
build jibs and cranes to lift heavy stonework to the up-
per parts of buildings. Their surveying skills were excep-
tional, enabling them to set out the incredibly exact opti-
cal corrections of buildings like the Parthenon, although
the methods used remain a mystery. Simpler decoration,
such as fluting on columns, was simply left until the drums
of the columns were cut in place.
The ancient Greeks never developed the strong mortars
which became an important feature of Roman construc-
tion.

3.4 Roman construction

Further information: Roman engineering, Concrete
Revolution and Roman technology

The Baths of Caracalla, in 2009

In striking contrast to previous cultures, an enormous
amount is known about Roman building construction.
A very large amount survives, including complete intact
buildings like the Pantheon, Rome and very well pre-
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Reconstructed Roman treadwheel crane at Bonn, Germany

The hand plane developed in the Iron Age and was known to be
used by the Romans. These Roman planes were found in Ger-
many and date to the 1st to 3rd century AD

The Pantheon in Rome looking up inside the concrete dome.

served ruins at Pompeii and Herculaneum. We also have
the first surviving treatise on architecture by Vitruvius
which includes extensive passages on construction tech-
niques.

3.4.1 Materials

The great Roman development in building materials was
the use of hydraulic lime mortar called Roman cement.
Previous cultures had used lime mortars but by adding
volcanic ash called a pozzolana the mortar would harden
under water. This provided them with a strong mate-
rial for bulk walling. They used brick or stone to build
the outer skins of the wall and then filled the cavity with
massive amounts of concrete, effectively using the brick-
work as permanent shuttering (formwork). Later they
used wooden shuttering which was removed for the con-
crete to cure. An example of a temple made of Roman
concrete in the 1st century BC is the Temple of Vesta
in Tivoli, Italy. The concrete was made of nothing more
than rubble and mortar it was cheap and very easy to pro-
duce and required relatively unskilled labour to use, en-
abling the Romans to build on an unprecedented scale.
They not only used it for walls but also to form arches,
barrel vaults and domes, which they built over huge spans.
The Romans developed systems of hollow pots for mak-
ing their domes and sophisticated heating and ventilation
systems for their thermal baths. .
The Romans substituted bronze for wood in the roof
truss(s) of the Pantheon’s portico which was commis-
sioned between 27 BC and 14 AD. The bronze trusses
were unique but in 1625 Pope Urban VIII had the trusses
replaced with wood andmelted the bronze down for other
uses. The Romans also made bronze roof tiles
Lead was used for roof covering material and water sup-
ply and waste pipes. The Latin name for lead is plumbum
thus plumbing. Romans also made use of glass in con-
struction with colored glass in mosaics and clear glass for
windows. Glass came to be fairly commonly used in win-
dows of public buildings.[9] Central heating in the form
of a hypocaust, a raised floor heated by the exhaust of a
wood or coal fire.

3.4.2 Organisation of labour

The Romans had trade guilds. Most construction was
done by slaves or freed men. The use of slave labour
undoubtedly cut costs and was one of the reasons for
the scale of some of the structures. The Romans placed
a considerable emphasis in building their buildings ex-
tremely fast, usually within two years. For very large
structures the only way this could be achieved was by the
application of vast numbers of workers to the task.

3.4.3 Technology

The invention of the waterwheel, sawmill, arch, and were
by the Romans. The Romans also began using glass for
architectural purposes after about 100 CE and used dou-
ble glazing as insulated glazing. Roman roads included
corduroy roads and paved roads, sometimes supported on
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raft or pile foundations and bridges. Vitruvius gives de-
tails of many Roman machines. The Romans developed
sophisticated timber cranes allowing them to lift consid-
erable weights to great heights. The upper limit of lifting
appears to have been about 100 tonnes. Trajan’s column
in Rome contains some of the largest stones ever lifted
in a Roman building, and engineers are still uncertain ex-
actly how it was achieved.
A list of the longest, highest and deepest Roman struc-
tures can be found in the List of ancient architec-
tural records. Roman building ingenuity extended over
bridges, aqueducts, and covered amphitheatres. Their
sewerage and water-supply works were remarkable and
some systems are still in operation today. The only aspect
of Roman construction for which very little evidence sur-
vives is the form of timber roof structures, none of which
seem to have survived intact. Possibly, triangulated roof
trusses were built, this being the only conceivable way of
constructing the immense spans achieved, the longest ex-
ceeding 30 metres (see List of ancient roofs). And pizza

3.5 Chinese construction

China is a cultural hearth area of eastern Asia, many Far
East building methods and styles evolved from China.
A famous example of Chinese construction is the Great
Wall of China built between the 7th and 2nd centuries
BC. The Great Wall was built with rammed earth, stones,
and wood and later bricks and tiles with lime mortar.
Wooden gates blocked passageways. The oldest archaeo-
logical examples of mortise and tenon type woodworking
joints were found in China dating to about 5000 BC.
The Yingzao Fashi is the oldest complete technical man-
ual on Chinese architecture. The Chinese followed the
state rules for thousands of years so many of the ancient,
surviving buildings were built with the methods and ma-
terials used in the 11th century. Chinese temples are
typically wooden timber frames on an earth and stone
base. The oldest wooden building is the Nanchan Temple
(Wutai) dating from 782 CE. However, Chinese temple
builders regularly rebuild the wooden temples so some
parts of these ancient buildings are of different ages. Tra-
ditional Chinese timber frames do not use trusses but
rely only on post and lintel construction. An important
architectural element are the dougong bracket sets. The
Songyue Pagoda is the oldest brick pagoda dating to 523
AD. It was built with yellow fired bricks laid in clay mor-
tar, with twelve sides and fifteen levels of roofs. The Anji
Bridge is the worlds oldest “open-spandrel stone segmen-
tal arch bridge” built in 595-605 AD. The bridge is built
with sandstone joined with dovetail, iron joints.

3.5.1 Gallery of Chinese construction methods

• The Far East used a different method of sawing logs
than the West’s method of pit-sawing with a saw pit:

The concept is the same but as shown here the log is
angled and no pit is used.

4 Medieval construction

Further information: Medieval technology and Vault
(architecture)

Notre Dame, Paris

Bodiam Castle, England

Milan Cathedral, Italy
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Heddal stave church, early 13th century, Notodden,
Norway

The Middle Ages of Europe span from the 5th to 15th
centuries AD from the fall of theWestern Roman Empire
to the Renaissance and is divided into Pre-Romanesque
and Romanesque periods.
Fortifications, castles and cathedrals were the greatest
construction projects. The Middle Ages began with the
end of the Roman era and many Roman building tech-
niques were lost. But some Roman techniques, including
the use of iron ring-beams, appear to have been used in
the Palatine Chapel at Aachen, c. 800 AD, where it is
believed builders from the Langobard Kingdom in north-
ern Italy contributed to the work.[10] A revival of stone
buildings in the 9th century and the Romanesque style of
architecture began in the late 11th century. Also notable
are the stave churchs in Scandinavia.

4.1 Materials

Most buildings in Northern Europe were constructed of
timber until c. 1000 AD. In Southern Europe adobe re-
mained predominant. Brick continued to be manufac-
tured in Italy throughout the period 600–1000 AD but
elsewhere the craft of brick-making had largely disap-
peared and with it the methods for burning tiles. Roofs
were largely thatched. Houses were small and gathered
around a large communal hall. Monasticism spread more
sophisticated building techniques. The Cistercians may
have been responsible for reintroducing brick-making to
the area from the Netherlands, through Denmark and
Northern Germany to Poland leading to Backsteingotik.
Brick remained the most popular prestige material in
these areas throughout the period. Elsewhere buildings
were typically in timber or where it could be afforded,
stone. Medieval stone walls were constructed using cut
blocks on the outside of the walls and rubble infill, with
weak lime mortars. The poor hardening properties of

these mortars were a continual problem, and the settle-
ment of the rubble filling of Romanesque and Gothic
walls and piers is still a major cause for concern.

4.2 Design

Villard de Honnecourt's drawing of a flying buttress at Reims,
ca. AD 1320–1335 (Bibliothèque nationale)

There were no standard textbooks on building in theMid-
dle Ages. Master craftsmen transferred their knowledge
through apprenticeships and from father to son. Trade
secrets were closely guarded, as they were the source of
a craftsman’s livelihood. Drawings only survive from the
later period. Parchment was too expensive to be com-
monly used and paper did not appear until the end of the
period. Models were used for designing structures and
could be built to large scales. Details were mostly de-
signed at full size on tracing floors, some of which sur-
vive.

4.3 Labour

In general, medieval buildings were built by paid workers.
Unskilled work was done by labourers paid by the day.
Skilled craftsmen served apprenticeships or learned their
trade from their parents. It is not clear how many women
were members of a guild holding a monopoly on a partic-
ular trade in a defined area (usually within the townwalls).
Towns were in general very small by modern standards
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and dominated by the dwellings of a small number of rich
nobles or merchants, and by cathedrals and churches.

4.4 Techniques

Romanesque buildings of the period 600–1100 AD were
entirely roofed in timber or had stone barrel vaults cov-
ered by timber roofs. The Gothic style of architecture
with its vaults, flying buttresses and pointed gothic arches
developed in the twelfth century, and in the centuries that
followed ever more incredible feats of constructional dar-
ing were achieved in stone. Thin stone vaults and tower-
ing buildings were constructed using rules derived by trial
and error. Failures were frequent, particularly in difficult
areas such as crossing towers.
The pile driver was invented around 1500.

4.5 Outstanding technical achievements

The scale of fortifications and castle building in the Mid-
dle Ages was remarkable, but the outstanding buildings
of the period were the Gothic cathedrals with thin ma-
sonry vaults and walls of glass. Outstanding examples
are: Beauvais Cathedral, Chartres Cathedral, King’s Col-
lege Chapel and Notre Dame, Paris.

5 Construction in the Renaissance

Further information: Renaissance Architecture
The Renaissance in Italy, the invention of moveable type
and the Reformation changed the character of building.
The rediscovery of Vitruvius had a strong influence. Dur-
ing the Middle Ages buildings were designed by the peo-
ple that built them. The master mason and master car-
penters learnt their trades by word of mouth and relied on
experience, models and rules of thumb to determine the
sizes of building elements. Vitruvius however describes
in detail the education of the perfect architect who, he
said, must be skilled in all the arts and sciences. Filippo
Brunelleschi was one of the first of the new style of archi-
tects. He started life as a goldsmith and educated himself
in Roman architecture by studying ruins. He went on to
engineer the dome of Santa Maria del Fiore in Florence.

5.1 Materials

The major breakthroughs in this period were to do with
the technology of conversion. Water mills in most of
western Europe were used to saw timber and convert
trees into planks. Bricks were used in ever increasing
quantities. In Italy the brickmakers were organised into
guilds although the kilns were mostly in rural areas be-
cause of the risk of fire and easy availability of firewood
and brickearth. Brickmakers were typically paid by the

The Dome of Santa Maria del Fiore , designed by Filippo
Brunelleschi.

brick, which gave them an incentive to make them too
small. As a result, legislation was laid down regulating
the minimum sizes and each town kept measures against
which bricks had to be compared. An increasing amount
of ironwork was used in roof carpentry for straps and ten-
sion members. The iron was fixed using forelock bolts.
The screw-threaded bolt (and nut) could be made and
are found in clockmaking in this period, but they were
labour-intensive and thus not used on large structures.
Roofing was typically of terracotta roof tiles. In Italy
they followed Roman precedents. In northern Europe
plain tiles were used. Stone, where available, remained
the material of choice for prestige buildings.

5.2 Design

The rebirth of the idea of an architect in the Renaissance
radically changed the nature of building design. The Re-
naissance reintroduced the classical style of architecture.
Leon Battista Alberti’s treatise on architecture raised the
subject to a new level, defining architecture as something
worthy of study by the aristocracy. Previously it was
viewed merely as a technical art, suited only to the arti-
san. The resulting change in status of architecture and
more importantly the architect is key to understanding
the changes in the process of design. The Renaissance
architect was often an artist (a painter or sculptor) who
had little knowledge of building technology but a keen
grasp of the rules of classical design. The architect thus
had to provide detailed drawings for the craftsmen setting
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out the disposition of the various parts. This was what is
called the process of design, from the Italian word for
drawing. Occasionally the architect would get involved
in particularly difficult technical problems but the tech-
nical side of architecture was mainly left up to the crafts-
men. This change in the way buildings were designed had
a fundamental difference on the way problems were ap-
proached. Where the Medieval craftsmen tended to ap-
proach a problem with a technical solution in mind, the
Renaissance architects started with an idea of what the
end product needed to look like and then searched around
for a way of making it work. This led to extraordinary
leaps forward in engineering.

5.3 Labour

The structure of the dome of Florence cathedral , showing the
double skin structure.

Labour in the Renaissance was much the same as in
the Middle Ages: buildings were built by paid work-
ers. Unskilled work was done by labourers paid by the
day. Skilled craftsmen served apprenticeships or learned
their trade from their parents. Craftsmen were orga-
nized in guilds which provided a limited form of building
regulation in return for members of the guild holding a
monopoly on a particular trade in a defined area (usually
within the town walls). Towns were in general very small
by modern standards and dominated by the dwellings of a
small number of rich nobles or merchants and cathedrals
and churches.

Pieter Bruegel the Elder's Tower of Babel, illustrating construc-
tion techniques of the 16th century.

5.4 Technical advances

The wish to return to classical architecture created prob-
lems for the Renaissance buildings. The builders did not
use concrete and thus comparable vaults and domes had
to be replicated in brick or stone. The greatest technical
feats were undoubtedly in these areas. The first major
breakthrough was Brunelleschi’s project for the dome of
Santa Maria del Fiore. Brunelleschi managed to devise a
way of building a huge dome without formwork, relying
instead on the weight of the bricks and the way they were
laid to keep them in position and the shape of the dome
to keep it standing. The exact way the dome was built is
still subject to debate today as it is not possible to take the
dome apart to study its construction without destroying it.
The dome is a double skin, linked by ribs, with a series of
wooden and stone chains around it at intervals to attempt
to deal with hoop stresses.
Brunelleschi’s dome was completed (up to the base of the
lantern) in 1446. Its size was soon surpassed by the dome
of St Peter’s, built using flying scaffolding supported on
the cornices and constructed using two stone shells.

6 Construction in the seventeenth
century

The seventeenth century saw the birth of modern science
which would have profound effects on building construc-
tion in the centuries to come. The major breakthroughs
were towards the end of the century when architect-
engineers began to use experimental science to inform
the form of their buildings. However it was not until
the eighteenth century that engineering theory developed
sufficiently to allow sizes of members to be calculated.
Seventeenth-century structures relied strongly on experi-
ence, rules of thumb and the use of scale models.
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6.1 Materials and tools

The major breakthrough in this period was in the manu-
facture of glass, with the first cast plate glass being devel-
oped in France. Iron was increasingly employed in struc-
tures. Christopher Wren used iron hangers to suspend
floor beams at Hampton Court Palace, and iron rods to
repair Salisbury Cathedral and strengthen the dome of St
Paul’s Cathedral. Most buildings had stone ashlar sur-
faces covering rubble cores, held together with lime mor-
tar. Experiments were made mixing lime with other ma-
terials to provide a hydraulic mortar, but there was still
no equivalent of the Roman concrete. In England, France
and the Dutch Republic, cut and gauged brickwork was
used to provide detailed and ornate facades. The triangu-
lated roof truss was introduced to England and used by
Inigo Jones and Christopher Wren.
Many tools have been made obsolete by modern tech-
nology, but the line gauge, plumb-line, the carpenter’s
square, the spirit level, and the drafting compass are still
in regular use.

6.2 Methods

Despite the birth of experimental science, the methods
of construction in this period remained largely medieval.
The same types of crane that had been used in previous
centuries were being still being employed. Flying scaf-
folds were employed at St Paul’s Cathedral, England and
in the dome of St Peters, Rome, but otherwise the same
types of timber scaffolding that had been in use centuries
before were retained. Cranes and scaffolding depended
on timber. Complex systems of pulleys allowed compar-
atively large loads to be lifted, and long ramps were used
to haul loads up to the upper parts of buildings.

7 Construction in the eighteenth
century

The eighteenth century saw the development of many
the ideas that had been born in the late seventeenth cen-
tury. The architects and engineers became increasingly
professionalised. Experimental science and mathemati-
cal methods became increasingly sophisticated and em-
ployed in buildings. At the same time the birth of the
industrial revolution saw an increase in the size of cities
and increase in the pace and quantity of construction.

7.1 Materials

The major breakthroughs in this period were in the use of
iron (both cast and wrought). Iron columns had been used
in Wren’s designs for the House of Commons and were
used in several early eighteenth-century churches in Lon-

don, but these supported only galleries. In the second half
of the eighteenth century the decreasing costs of iron pro-
duction allowed the construction of major pieces of iron
engineering. The Iron Bridge at Coalbrookdale (1779)
is a particularly notable example. Large-scale mill con-
struction required fire-proof buildings and cast iron be-
came increasingly used for columns and beams to carry
brick vaults for floors. The Louvre in Paris boasted an
early example of a wrought-iron roof. Steel was used in
the manufacture of tools but could not be made in suffi-
cient quantities to be used for building.
Brick production increased markedly during this period.
Many buildings throughout Europe were built of brick,
but they were often coated in lime render, sometimes pat-
terned to look like stone. Brick production itself changed
little. Bricks were moulded by hand and fired in kilns no
different to those used for centuries before. Terracotta in
the form of Coade stone was used as an artificial stone in
the UK.

8 Construction in the nineteenth
century: Industrial Revolution

The industrial revolution was manifested in new kinds
of transportation installations, such as railways, canals
and macadam roads. These required large amounts of
investment. New construction devices included steam en-
gines, machine tools, explosives and optical surveying.
The steam engine combined with two other technologies
which blossomed in the nineteenth century, the circular
saw andmachine cut nails, lead to the use of balloon fram-
ing and the decline of traditional timber framing.[11]

As steel was mass-produced from the mid-19th century,
it was used, in form of I-beams and reinforced concrete.
Glass panes also went into mass production, and changed
from luxury to every man’s property.
Plumbing appeared, and gave common access to drinking
water and sewage collection.
Building codes have been applied since the 19th century,
with special respect to fire safety.

9 Construction in the twentieth
century

With the Second Industrial Revolution in the early 20th
century, elevators and cranesmade high rise buildings and
skyscrapers possible, while heavy equipment and power
tools decreased the workforce needed. Other new tech-
nologies were prefabrication and computer-aided design.
Trade unions were formed to protect construction work-
ers’ interests. Personal protective equipment such as hard
hats and earmuffs also came into use.
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Woolworth Building under construction in 1912

A structural worker on the Empire State Building. Workers such
as this man were often referred to as “old timers” because in that
time era, most men working on building structures were middle-
aged.

From the 20th century, governmental construction
projects were used as a part of macroeconomic stimula-
tion policies, especially during the Great depression (see
New Deal). For economy of scale, whole suburbs, towns
and cities, including infrastructure, are often planned and
constructed within the same project (called megaproject
if the cost exceeds US$1 billion), such as Brasília in
Brazil, and the Million Programme in Sweden.
In the end of the 20th century, ecology, energy conser-
vation and sustainable development have become more
important issues of construction.

Burj Khalifa, the world’s tallest building, was finished in 2010.

10 Construction history as an aca-
demic discipline

There is no established academic discipline of construc-
tion history but a growing number of researchers and
academics are working in this field, including structural
engineers, archaeologists, architects, historians of tech-
nology and architectural historians. Although the sub-
ject has been studied since the Renaissance and there
were a number of important studies in the nineteenth cen-
tury, it largely went out of fashion in the mid-twentieth
century.[12] In the last thirty years there has been an enor-
mous increase in interest in this field, which is vital to the
growing practice of building conservation.[13]

11 Early writers on construction
history

The earliest surviving book detailing historical building
techniques is the treatise of the Roman author, Vitruvius,
but his approach was neither scholarly nor systematic.
Much later, in the Renaissance, Vasari mentions Filippo
Brunelleschi's interest in researching Roman building
techniques, although if he wrote anything on the subject
it does not survive. In the seventeenth century, Rusconi’s
illustrations for his version of Leon Battista Alberti's trea-

https://en.wikipedia.org/wiki/Woolworth_Building
https://en.wikipedia.org/wiki/Empire_State_Building
https://en.wikipedia.org/wiki/Macroeconomic
https://en.wikipedia.org/wiki/Great_depression
https://en.wikipedia.org/wiki/New_Deal
https://en.wikipedia.org/wiki/Economy_of_scale
https://en.wikipedia.org/wiki/Megaproject
https://en.wikipedia.org/wiki/Bras%C3%ADlia
https://en.wikipedia.org/wiki/Million_Programme
https://en.wikipedia.org/wiki/Ecology
https://en.wikipedia.org/wiki/Energy_conservation
https://en.wikipedia.org/wiki/Energy_conservation
https://en.wikipedia.org/wiki/Sustainable_development
https://en.wikipedia.org/wiki/Burj_Khalifa
https://en.wikipedia.org/wiki/Vitruvius
https://en.wikipedia.org/wiki/Renaissance
https://en.wikipedia.org/wiki/Vasari
https://en.wikipedia.org/wiki/Filippo_Brunelleschi
https://en.wikipedia.org/wiki/Filippo_Brunelleschi
https://en.wikipedia.org/wiki/Leon_Battista_Alberti


14 15 REFERENCES

tise explicitly show Roman wall construction but most of
the interest in antiquity was in understanding its propor-
tions and detail and the architects of the timewere content
to build using current techniques. While early archaeo-
logical studies and topographic works such as the engrav-
ings of Giovanni Battista Piranesi show Roman construc-
tion they were not explicitly analytical and much of what
they do show is made up.

12 Nineteenth century studies on
construction history

In the nineteenth century, lecturers increasingly illus-
trated their lectures with images of building techniques
used in the past and these type of images increasingly
appeared in construction text books, such as Rondelet’s.
The greatest advances however were made by English and
French (and later German) architects attempting to un-
derstand, record and analyse Gothic buildings. Typical
of this type of writing are the works of Robert Willis
in England, Viollet-le-Duc in France and Ungewitter in
Germany. None of these however were seeking to sug-
gest that the history of construction represented a new
approach to the subject of architectural history. August
Choisy was perhaps the first author to seriously attempt
to undertake such a study.

13 The early twentieth century
studies of the construction
history

Santiago Heurta has suggested that it was modernism,
with its emphasis on the employment of new materials,
that abruptly ended the interest in construction history
that appeared to have been growing in the last few decades
of the nineteenth century and the early years of the twen-
tieth. With the advent of concrete and steel frame con-
struction, architects, who had been the chief audience for
such studies, were no longer as interested as they had been
in understanding traditional construction, which suddenly
appeared redundant. Very little was thus published be-
tween 1920 and 1950. The revival of interest started in
archaeology with the studies of Roman construction in
the 1950s, but it was not until the 1980s that construction
history began to emerge as an independent field.

13.1 The late twentieth century

By the end of the twentieth century, steel and concrete
construction were themselves becoming the subject of
historical investigation.The Construction History Society
was formed in the UK in 1982. It produces the only aca-
demic international journal devoted to the subject annu-

ally. The First International Congress on Construction
History was held in Madrid in 2003.[14] This was fol-
lowed by the Second International Congress in 2006 [15]

in Queens College, Cambridge, England and the Third In-
ternational Congress held in Cottbus in 2009,[16] and the
Fourth International Congress held in Paris in July 2012
[17]

14 See also
• History of architecture

• Timeline of architecture

• History of water supply and sanitation

• Burned house horizon
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