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1. THE OBJECTIVES
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BUILDING.....

SINCE PREHISTORY MAN BUILDS...

... HOUSES

... MONUMENTS

... BRIDGES

...

1. THE OBJECTIVES

... WITH THE FOLLOWING OBJECTIVES...

http://pt.wikipedia.org/wiki/Imagem:Citania_briteiros_casa_2.jpg
http://pt.wikipedia.org/wiki/Imagem:Anta_Cerqueira_em_Couto_Esteves.JPG
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TO HAVE FUNCTIONAL CONSTRUCTIONS

... HOUSES THAT SHELTER THE FAMILY

... BRIDGES THAT SPAN OBSTACLES

... ROADS THAT EASE TRANSPORTATION

1. THE OBJECTIVES

http://pt.wikipedia.org/wiki/Imagem:Citania_briteiros_casa_2.jpg
http://pt.wikipedia.org/wiki/Imagem:Anta_Cerqueira_em_Couto_Esteves.JPG
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TO HAVE SAFE CONSTRUCTIONS

... HOUSES THAT SUPPORT THE WINDS

... BRIDGES THAT SUPPORT THE LOADS

1. THE OBJECTIVES

http://pt.wikipedia.org/wiki/Imagem:Citania_briteiros_casa_2.jpg
http://pt.wikipedia.org/wiki/Imagem:Anta_Cerqueira_em_Couto_Esteves.JPG
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TO HAVE DURABLE CONSTRUCTIONS

... HOUSES THAT DO NOT DEGRADE

... ROADS THAT BEAR THE WEAR

... MONUMENTS THAT REMAIN FOR POSTERITY

1. THE OBJECTIVES

http://pt.wikipedia.org/wiki/Imagem:Citania_briteiros_casa_2.jpg
http://pt.wikipedia.org/wiki/Imagem:Anta_Cerqueira_em_Couto_Esteves.JPG
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2. THE FIRST 

MATERIALS
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TO BUILD ONE NEEDS ...

SKILLS... AND MATERIALS ....

THE EXISTENT MATERIALS SINCE PREHISTORY

WERE THOSE OFFERED BY NATURE ...

... EARTH

... STONE

... TIMBER

... VEGETABLE FIBRES

... AND THESE WERE THE MATERIALS USED TO 

BUILD THE PLANET UNTIL THE XVIII CENTURY ...

2. THE FIRST MATERIALS
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2.1 BUILDING WITH EARTH

2. THE FIRST MATERIALS
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EARTH IS A MATERIAL THAT IS AVAILABLE IN 

NATURE IN THE FOLLOWING FORMS:

Å WITHOUT COHESION ... SANDS

Å WITH COHESION ... CLAYS

EARTH USED IN CONSTRUCTION HAS CLAY,  

SINCE IT PROVIDES :

ÅHIGHER RESISTANCE

ÅEASIER MOULDING

2. THE FIRST MATERIALS
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THE RESISTANCE OF EARTH:

ÅIS REASONABLE IN COMPRESSION

ÅIS LOW IN TENSION AND SHEAR

2. THE FIRST MATERIALS
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WHICH EXPLAINS ITS USE IN:

- VERTICAL ELEMENTS SUCH AS WALLS, ETC.

PERFORMING WELL SUBJECTED TO VERTICAL 

LOADS é

2. THE FIRST MATERIALS
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é BUT CRACKING EASILY UNDER HORIZONTAL 

LOADS (EARTHQUAKES, WINDS) OR MOVEMENTS 

(SETTLEMENTS) OF THE FOUNDATIONS

2. THE FIRST MATERIALS
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THE DURABILITY OF EARTH IS REDUCED:

ÅIT DETERIORATES EASILY UNDER THE 

EFFECTS OF RAIN AND WIND

ÅIT IMPLIES PERMANENT MAINTENANCE

WITH THE PERIODIC APPLICATION OF

PROTECTIVE COATINGS

2. THE FIRST MATERIALS
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IN SPITE OF ITS WEAK CHARACTERISTICS, 

THROUGHOUT HISTORY, EARTH WAS  

THE MAIN CONSTRUCTION MATERIAL, STILL 

BEING WIDELY USED IN SEVERAL POOR 

COUNTRIES

2. THE FIRST MATERIALS
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2. THE FIRST MATERIALS

Earth construction in Portugal

(Jorge et al. 2005)
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2.2 BUILDING WITH STONE

Megalithic beams of Stonehenge (2000 bC)

2. THE FIRST MATERIALS
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STONE IS A MATERIAL WITH THE FOLLOWING 

CHARACTERISTICS:

ÅHIGH RESISTANCE IN COMPRESSION

ÅLOW RESISTANCE IN TENSION

ÅRESISTANT TO ENVIRONMENTAL 

AGGRESSIVENESS ïDURABLE MATERIAL

2. THE FIRST MATERIALS
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THESE CHARACTERISTICS EXPLAIN WHY IT WAS 

USED MAINLY TO CONSTRUCT VERTICAL 

ELEMENTS UNDER COMPRESSION (WALLS, 

COLUMNS).

2. THE FIRST MATERIALS
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ITS USE, TO SPAN OBSTACLES AS BEAMS, IS 

DIFFICULT, MAKING IT NECESSARY TO USE VERY 

HIGH STONES TO REDUCE THE TENSILE STRESS 

IN THE BOTTOM FIBRES

2. THE FIRST MATERIALS
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AN ALTERNATIVE TO SPAN OBSTACLES WAS 

OFFERED BY THE ARCH IN WHICH THE STONE 

ELEMENTS ARE USED IN SUCH A WAY THAT 

THEY ARE SUBJECTED TO COMPRESSION

2. THE FIRST MATERIALS
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THE STONES WITH AN IRREGULAR FORMAT 

THAT WERE AVAILABLE IN NATURE ALLOWED 

CONSTRUCTING WALLS SIMPLY BY 

POSITIONING THE STONES OVER EACH OTHER.

2. THE FIRST MATERIALS
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INITIALLY THERE WAS NO CONNECTION 

BETWEEN THE STONES (DRY JOINTS), WHICH 

MADE THEM VERY SENSITIVE (UNSTABLE) TO 

THE EFFECTS OF EARTHQUAKES

2. THE FIRST MATERIALS
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THE STONES WITH A REGULAR FORMAT 

(REGULAR MASONRY) INVOLVED MORE 

LABOUR, IN TERMS OF CUTTING IN THE QUARRY 

AND SUBSEQUENT REGULARIZATION, BUT 

THEIR CONNECTION WAS MORE STABLE

2. THE FIRST MATERIALS
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STONE IS A VERY DURABLE 

MATERIAL, WHICH EXPLAINS 

WHY THE MONUMENTS THAT 

REMAINED UNTIL 

NOWADAYS ARE MADE OF 

STONE

THE ANCIENT CIVILIZATIONS 

HAD THIS NOTION WHEN 

THEY SELECTED THIS 

MATERIAL FOR THE 

MONUMENTS THEY WANTED 

TO REMAIN FOR THE 

POSTERITY

2. THE FIRST MATERIALS
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2.3 BUILDING WITH TIMBER

2. THE FIRST MATERIALS
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TIMBER IS A WIDELY ABUNDANT MATERIAL AND 

HENCE ECONOMIC, WITH THE FOLLOWING 

CHARACTERISTICS:

- RESISTANT (in compression and tension/flexion)

- EASILY WORKABLE

- LIGHT

- IT DETERIORATES RELATIVELY EASILY (fire, 

moisture, rot fungi, xylophagous insects, etc.)

2. THE FIRST MATERIALS
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BECAUSE THIS MATERIAL PERFORMS WELL IN 

TENSION AND COMPRESSION, IT HAS BEEN USED 

IN COLUMNS, BUT MAINLY IN BEAMS OF ROOFS:

- IT HAS A GOOD MECHANICAL BEHAVIOUR IN 

BENDING

- IT IS LIGHT TO BE PLACED IN THE ROOFS

2. THE FIRST MATERIALS
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CONNECTIONS BETWEEN TIMBER MEMBERS:

- NOTCHES/GROOVES

- IRON OR COPPER NAILS

- TYING WITH VEGETABLE FIBRES / ROPES

2. THE FIRST MATERIALS

http://pt.wikipedia.org/wiki/Imagem:Japan_Kyoto_KiyoMizuDera_pagoda_DSC00616.jpg
http://zh.wikipedia.org/w/index.php?title=Image:Torii_of_Temple_Itsukushima.jpg&variant=zh-tw
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THE BASE STRUCTURE OF HOUSES WAS  

FRAMED (COLUMN AND BEAM) AND 

SUBSEQUENTLY COATED WITH VEGETABLE 

ELEMENTS OR EARTH, IN ORDER TO CONFINE 

THE INNER SPACE OF THE HOUSE.

2. THE FIRST MATERIALS

http://images.google.pt/imgres?imgurl=http://www.ilo.org/inclusao-palop/pages/PALOP/imagens/photos/guin%E9/Buba.jpg&imgrefurl=http://www.ilo.org/inclusao-palop/pages/PALOP/PALOP/guine.htm&h=320&w=240&sz=33&hl=pt-BR&start=1&tbnid=y77EjAjYoZCleM:&tbnh=118&tbnw=89&prev=/images?q=cobertura+colmo&svnum=10&hl=pt-BR&lr=&sa=N
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ITS GOOD PERFORMANCE IN BENDING WAS 

ALSO USED IN SHORT-SPAN BRIDGES, 

APPLYING THE SAME CONCEPT OF FRAME 

STRUCTURES, WITH TIMBER COLUMNS

2. THE FIRST MATERIALS
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TIMBER WAS WIDELY USED IN CONSTRUCTION, 

BUT ITS DETERIORATION DID NOT ALLOW MANY 

EXAMPLES FROM ANTIQUITY TO REMAIN UNTIL 

PRESENT DAYS

Termites Rot fungi Woodworms

2. THE FIRST MATERIALS



34 /220

C
o

n
s
tr

u
c
ti
o
n

 P
a

th
o

lo
g

y
 a

n
d

 R
e

h
a

b
ili

ta
ti
o
n

M
a

s
te

r 
in

 C
iv

il 
E

n
g

in
e
e

ri
n
g

2.4 BUILDING WITH 

VEGETABLE FIBRES

2. THE FIRST MATERIALS
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VEGETABLE FIBRES BASICALLY ALLOW 

PRODUCING CABLES AND TISSUES.

THE CABLES MADE OF HEMP, JUTE, LIANAS OR 

LINEN TISSUES ARE WELL-KNOWN.

THIS MATERIAL CAN ONLY BE USED IN TENSION, 

AND IS VERY PRONE TO DETERIORATON, THUS 

IT HAD VERY SPECIFIC APPLICATIONS.

ONE OF ITS MAIN APPLICATIONS CONSISTED OF 

CONNECTION ELEMENTS IN TIMBER 

STRUCTURES

2. THE FIRST MATERIALS
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THEY WERE ALSO USED AS CABLES IN THE 

FIRST SUSPENSION BRIDGES, OF WHICH A FEW 

EXAMPLES ARE GIVEN IN THE ANDES AND 

HIMALAYAS

2. THE FIRST MATERIALS

Hanging bridge in Zanskar valley, Cashemere, Himalayas
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THE USE OF FIBRES IN TISSUES ENABLED ITS 

APPLICATION IN TENTS AND LIGHT ROOFS

2. THE FIRST MATERIALS
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VEGETABLE FIBRES WERE ALSO USED AS ROOF 

COATING, APPLIED OVER A TIMBER SUPPORTING 

STRUCTURE

House in Mali, Djiguibombo village

2. THE FIRST MATERIALS
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UNFORTUNATELY, THERE ARE VERY FEW 

EXAMPLES FROM ANTIGUITY THAT LASTED 

UNTIL PRESENTLY, SINCE THE DURABILITY OF 

THIS MATERIAL IS VERY REDUCED.

2. THE FIRST MATERIALS

House in Mali, Djiguibombo village



40 /220

C
o

n
s
tr

u
c
ti
o
n

 P
a

th
o

lo
g

y
 a

n
d

 R
e

h
a

b
ili

ta
ti
o
n

M
a

s
te

r 
in

 C
iv

il 
E

n
g

in
e
e

ri
n
g

THESE 4 MATERIALS (EARTH, STONE, TIMBER AND 

VEGETABLE FIBRES) COMPRISE THE BASIS FOR 

ALL CONSTRUCTIONS UNTIL THE XVIII/XIX 

CENTURY (WITH SLIGHT SPECIFIC IMPROVEMENTS; 

EX: LAYING MORTARS)

ÅWROUGHT IRON 1784

ÅPORTLAND CEMENT 1844

ÅSTEEL 1856

ÅREINFORCED CONCRETE 1867

ÅPRESTRESSED CONCRETE 1886

ÅFIBRE-POLYMER COMPOSITES 1940

2. THE FIRST MATERIALS
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3. THE FIRST 

CONSTRUCTIONS
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NATURAL CAVES WERE THE FIRST HOUSES IN 

PRE-HISTORY. 

THE STONE MATERIAL, WITH AN ARCH SHAPE,

WAS STABLE AND CONFERRED SAFETY TO 

INHABITANTS

3. THE FIRST CONSTRUCTIONS

http://www.cs.ualberta.ca/~mkan/Photography/Cadomin/Cave%20Mouth.jpg
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ARTIFICIAL CAVES APPEARED BY ANALOGY, 

EXCAVATED IN EARTH, KEEPING THE ARCH 

SHAPE AS A STABLE SOLUTION

3. THE FIRST CONSTRUCTIONS
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3. THE FIRST CONSTRUCTIONS

Matera (Italy) ïcave dwellings carved into the rock 

(inhabited since the Paleolithic period)
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IN REGIONS WHERE STONE WAS AVAILABLE IT 

WAS USED TO BUILD THE VERTICAL ELEMENTS: 

BLOCKS OF STONE SUPERIMPOSED WITHOUT 

ANY MORTAR (DRY JOINT).

THE ROOF WAS USUALLY BUILT WITH TIMBER

BEAMS AND A CULM COATING

3. THE FIRST CONSTRUCTIONS
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Citânia de Briteiros (Guimarães)

Construction from the Iron Age (1200 bC until the Roman time)

3. THE FIRST CONSTRUCTIONS
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IN THE FOREST REGIONS:

- THE WALLS WERE ALSO MADE OF TIMBER 

SHORES AND BEAMS, WHILE THE

- ROOF WAS BUILT WITH TIMBER ELEMENTS  

AND THE ROOF COATING WAS MADE OF CULM

3. THE FIRST CONSTRUCTIONS
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BUT THE MATERIAL MOST OFTEN USED WAS  

EARTH. IT WAS APPLIED AND PRESSED WITHIN 

TAIL-BOARDS OF TIMBER THAT WERE USED TO 

BUILD THE WALLS IN HEIGHT ïRAMMED EARTH 

WALLS ïWITH THE ROOF BEING MADE WITH 

TIMBER ELEMENTS AND COVERED WITH CULM OR 

EARTH

3. THE FIRST CONSTRUCTIONS
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AS AN ALTERNATIVE, EARTH WAS MOULDED IN 

PARALLELEPIPED BLOCKS, LEFT TO DRY 

UNDER THE SUN TO ACQUIRE STIFFNESS.

THESE BLOCKS (ADOBES) 

WERE THEN USED TO BUILD 

THE WALLS USING A 

SIMILAR CONCEPT TO THAT 

OF BRICK CONSTRUCTION. 

(MESOPOTAMIA, SINCE 

CIRCA 4000 bC)

3. THE FIRST CONSTRUCTIONS
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EGYPT, ~2000 bC

Arch built over a sand dune

(short and small-span arches)

3. THE FIRST CONSTRUCTIONS
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4. EGYPT
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4. EGYPT

Mastaba (tomb)

EGYPTIAN CIVILIZATION (FROM ABOUT 3000 bC

UNTIL 30 bC), WAS THE FIRST CIVILIZATION TO 

PROVIDE GREAT CONSTRUCTIONS -

- MONUMENTS (PYRAMIDS) AND TEMPLES
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4. EGYPT

Kéops, Gizé

Djoser, Saqqara

Snefru, Dahshur

EVOLUTION: MATERIAL (life 

after death, durability), 

SHAPE (cosmic energy, 

mechanics), HEIGHT (sky, 

home of the Gods)
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Pyramids of Kéops, Kéfren and Miquerinos (Gizé Valley)

4. EGYPT

In Portuguese

http://pt.wikipedia.org/wiki/Imagem:Pir%C3%A2mides_Qu%C3%A9ops,_Qu%C3%A9fren_e_Miquerinos.jpg
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Karnak Temple, Luxor

Footings

Capitals

Walls

Columns

(by layers, 

inner core 

made of a 

poorer 

material)

4. EGYPT
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Slab

(beams side by 

side, short spans, 

large sections)

4. EGYPT

Karnak Temple, Luxor

Beam
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4. EGYPT

Karnak Temple, Luxor
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THE CONSTRUCTION WITH SUNDRIED BLOCKS 

(ADOBES) WAS DEVELOPED IN ORDER TO 

IMPROVE THE MATERIAL PROPERTIES OF EARTH, 

LEADING TO THE APPEARANCE OF THE BRICK

EGIPTIANS MIXED STRAW WITH CLAY MATERIAL, 

PREVENTING / REDUCING THE BRICKS CRACKING 

WHEN DRYING (SHRINKAGE)

THE FIRST COMPOSITE MATERIAL (~ REINFORCED 

CONCRETE, FRP) HAD BEEN INVENTED

REDUCTION OF THE CONSTRUCTION TO THE 

HUMAN SCALE, ARCHITECTURE WITH PARTITION 

WALLS

4. EGYPT
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4. EGYPT
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Adobe blocks ïdeveloped in Sumer / Mesopotamia

Use of small arches in houses

4. EGYPT
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Conduct of pluvial sewer. Arch made of bricks.

4. EGYPT
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Columns adjacent to walls (more stability)

(core made of bricks, cladding made of stone)

4. EGYPT
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5. GREECE
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5. GREECE

Parthenon, Athens acropolis (V a.c.)

NOTE: ANCIENT GREECE ï1000 to 800 bC ï323 bC
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Small spans 

with stone 

lintels 

(windows and 

doors)
Stone 

masonry 

walls

Timber 

floorsé Residential 

house in 

Athens

5. GREECE
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Zeus Temple, Athens

Capitals with 

decorative 

and 

supporting 

(to the 

beams) 

function 

Footings over 

rock ground 

(weight ŷ)

5. GREECE
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Beams made 

of monolithic 

and parallel 

elements (self 

weight of each 

element Ź)

5. GREECE

Capitals with 

decorative 

and 

supporting 

(to the 

beams) 

function 

Zeus Temple, Athens
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5. GREECE

Zeus Temple, Athens
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Athens (flat roof)

Flagstone slabs 

(small spans)

Supporting 

lintels

5. GREECE
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6. ROME
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6. ROME

MILITARY DOMAIN ïGARRISONS, ROADS, BRIDGES (VIII bC ï476 AD)

(80.000 km principal roads, 400.000 km secondary roads)
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Cartago Museum

(construction site)

Vitruvius ïbook ñOn Architectureò with 

materials and construction techniques, 

durability aspects, etc. (I bC.)

6. ROME
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Coliseum (Rome)

ROMAN CIRCULAR ARCH (ABANDON OF BEAMS)

INVENTIONS: CORBEL AND FORMWORK SUPPORT

(REUSABLE Ÿ REPLICATION OF THE ARCH)

6. ROME
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ABOUT THE USE OF THE ARCH

ADVANTAGES:

ÅIT CAN BE MADE FROM SMALL ELEMENTS (EASY 

TRANSPORT/FABRICATION)

ÅPERFORMS WELL IN COMPRESSION (IDEAL FOR 

STONE)

DISADVANTAGES:

ÅONLY STABLE AFTER BEING COMPLETED

ÅUNDER VERTICAL LOADS, HORIZONTAL THRUSTS 

DEVELOP IN THE IMPOST (COLUMNS AND/OR WALLS 

WITH CERTAIN THICKNESS ARE NECESSARY)

6. ROME
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Tunisia

6. ROME



76 /220

C
o

n
s
tr

u
c
ti
o
n

 P
a

th
o

lo
g

y
 a

n
d

 R
e

h
a

b
ili

ta
ti
o
n

M
a

s
te

r 
in

 C
iv

il 
E

n
g

in
e
e

ri
n
g

CIRCUS/COLISEUMS ïCIRCULAR CONSTRUCTION

EQUILIBRIUM OF LATERAL THRUSTS FROM THE ARCHES

6. ROME
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Coliseum, RomeTimber floorsé

6. ROME
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CIRCULAR CONSTRUCTION (TUNISIA): SUCCESSIVE LOSS 

OF EQUILIBRIUM DUE TO LATERAL THRUST OF THE ARCHES

6. ROME



79 /220

C
o

n
s
tr

u
c
ti
o
n

 P
a

th
o

lo
g

y
 a

n
d

 R
e

h
a

b
ili

ta
ti
o
n

M
a

s
te

r 
in

 C
iv

il 
E

n
g

in
e
e

ri
n
g

COLISEUM IN TUNISIA ïFLOOR MADE OF TIMBER 

BEAMS (AND NOT OF ARCHES)

6. ROME
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HYDRAULIC MORTARS Ÿ POZZOLANS (VOLCANIC ASHES) + LIME

Pozzuoli (Italy), place 

near Vesuvius Mountain

Via Appia, Roman baths, 

Coliseum, Pantheon, 

Aqueducts, such as the 

Pont du Gard in the South 

of France. 

Additives: animal fat, milk 

and blood

Pompeii

6. ROME
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ROMAN HOUSE IN ALENTEJO

(ROOF SUPPORTED IN A SUCCESSION OF ARCHES, NO BEAMS)

6. ROME
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FOUNDATIONS OF BRIDGES ïCOFFERDAM MADE 

OF TIMBER WITH JOINT GROUTING

(VERY HEAVY CONSTRUCTIONS Ÿ FOUNDATIONS 

HAD TO BE VERY SOLID)

6. ROME
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Alcantara Bridge (Spain)

6. ROME
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6. ROME

Nimes Aqueduct (aqueduct + bridge)
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Nimes Aqueduct

6. ROME
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ROME PANTHEON (DOME ROOF, LIGHTWEIGTH CONCRETE)

NOTE: ñ3D ARCHESò (STONES BEVELLED IN 2 DIRECTIONS; 

EACH LATITUDE IS STABLE ïEASIER TO BUILD THAN 2D ARCH)

6. ROME
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7. MIDDLE EAST AND 

ARABIA
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7. MIDDLE EAST AND ARABIA

MEDIEVAL AGE

ÅOccident:

- Castles 

- Churches with barrel vault and rectangular nave

ÅOrient: (Constantinople, occupied by the Turkish)

- Mosques with domes, circular nave

NOTE: End of Roman Empire: 286 A.D. to 476 A.D. (final division)
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7. MIDDLE EAST AND ARABIA
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Blue Mosque (Istanbul)

Minarets

Lancet arch

Dome and 

succession of 

constructions in 

stairs and flying 

buttress 

(resistance to IH)

7. MIDDLE EAST AND ARABIA
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7. MIDDLE EAST AND ARABIA

Blue Mosque (Istanbul)


