Architecture 509
Masonry Structures

Historic Masonry Structures
part 1

Pantheon in Rome
142 ft. diameter
125 AD
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Ziggurat

Mesopotamian
The Great Ziggurat of Ur

* In southern Iraq

« 2000 BC

« 210ft x 150ft x 100ft high
(64m x 46m x30m high)

» Clay brick core
with fired brick skin

* Temple of moon god Nanna
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Early Egyptian

Mastaba

* kings’ burial sites e

« Early (3000 BC) mud bricks e L ST gt

+ By the 3 Dynasty they used stone Mastabat al-Firaun of king Shepseskaf 2510 BC
(2670 BC) Red sandstone 325 ft x 250 ft x 30 to 60 ft high

Early Stepped Pyramid
* Netjerikhet

* Made from stone

« 3" Dynasty

Caas :

The Step Pyramid of Netjerikhet is the oldest known building
to be completely made of stone.
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Early Egyptian

Bent Pyramid

* Initially 60° changed to 55°
+ 2600 BC

» Cracking in base

Bent Pyramid at Dahshur
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Early Egyptian

Bent Pyramid at Dahshur
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Great Pyramid

Egyptian

Great Pyramid at Giza
* Last remaining “wonder”
* For king Khnum-Khufu
+ 2580 - 2560 BC
* Near the capital of Memphis
+ 756ft x 756ft x 481ft
(230m x 230m x 147m)
* Slope of 51°

Bent Pyramid at Dahshur
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Great Pyramid
Egyptian

Great Pyramid at Giza
* Construction in stone

From David Macaulay Pyramid
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Great Pyramid

Great Pyramid at Giza
* Construction in stone

From David Macaulay Pyramid

University of Michigan, TCAUP Masonry Slide 8 of 38




Great Pyramid

Great Pyramid at Giza
* Construction in stone

-
e

From David Macaulay Pyramid
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Great Pyramid

Great Pyramid at Giza
* Construction in stone

From David Macaulay Pyramid
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Great Pyramid

Great Pyramid at Giza

e Construction in stone

As the pyramid grew higher, it also grew more quickly, and by October of
2442, twenty-six years after Mahnud Hotep first presented his plan, 124 courses
had been completed. The flat area on top now measured only ten feet square.

On the first of November a special ceremony was held to mark the arrival of
the granite capstone. This large block, which was cut roughly in the shape of a
small pyramid, would rest on the top course.  After numerous prayers and offer-
ings it was dragged off the boat and up the causeway to the foot of one of the
ramps. Following more prayers laborers began the long climb to the summit,
hauling the block behind them. Another group with ropes and levers traveled
behind to prevent the sled from sliding backward when the haulers rested and
to help move the enormous weight around each corner of the pyramid.

From David Macaulay Pyramid
University of Michigan, TCAUP
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Great Pyramid

Great Pyramid at Giza

* Construction in stone

As the last piece of blocking was removed the capstone sat firmly on its base
and the actual building of the pyramid was finished. In gratitude, the priests
standing on the ramps around the capstone burned incense and offered prayers

to the gods.

From David Macaulay Pyramid
University of Michigan, TCAUP
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Great Pyramid

Great Pyramid at Giza
* Construction in stone

At th on of the ies, laborers began di ing th ining
construction ramps. When they had removed about thirty feet of the rubble and
mud another gang erected wooden scaffolding to support work platforms around
the exposed portion of the pyramid. From the highest platform workmen using
pieces of stone and abrasive powder ground the capstone into a smooth shining
peak. Below them other workers chiseled away the steps of the casing, after
which that area was also ground and polished. When work on the upper portion
of the casing was complete thirty more feet of each ramp was removed and the
scaffolding reconstructed at a lower level. This process was repeated until the
entire surface of the pyramid was finished.
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Great Pyramid

Great Pyramid at Giza
* Construction in stone

His body was placed on the royal funerary barge in preparation for his last
Jjourney on earth. Thousands of people lined the river as the procession sailed by.
Another boat carried relatives, including the queen and the pharaoh’s son and
successor. Others brought close friends and professional mourners. The high
priests were waiting as the boats approached the valley temple. When the body
had been removed, the royal barge was carefully dismantled and placed in the
last of the pits.

From David Macaulay Pyramid
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Great Pyramid

Chemical reacrion 1:

Great Pyramld at G|Za SiQOs.:\IQ(OH)4 +2NaOH = > NaQO.QSiOQ:\]QOs.nHQO
e cast “stone” ? kaolinite clay + soda = > hydrosodalite

Chemical reacrion 25

NagCO3z + Ca(OH)9 = > 2NaOH + CaCOg3

Sodium carbonate (Egyptian natron) + lime = > soda + limestone

Slll‘nl“al’\" OF rhe re-avglomerared stone binder chemical Formula:

References: c]ay + naftron + 1ime = > feldsparhoids + limesl’one (i.e. a natul‘a] stone)

pro
Joseph Davidovits, Why the pharaohs built the Pyramids with fake stones, 2009
https://www.geopolymer.org/archaeology/pyramids/are-pyramids-made-out-of-concrete-1/

or

con
Donald Campbell and Robert Folk, “Ancient Egyptian Pyramids — Concrete or Rock?”,
Concrete International, Vol 13 Issue 8, August 1991
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Great Pyramid
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carriers hack the soft
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of the wadi @ ...

Great Pyramid at Giza
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e Or cast “stone”

o] (1 to 2% sodivm
carbonate)

From Joseph Davidovits’ book
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Great Pyramid

Great Pyramid at Giza
e  Or cast “stone”

From Joseph Davidovits
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Pyrament

Pyrament from Lone Star
* Geopolymer cement

* Cures faster

* High strength

Used in bridge decks in
Kentucky ~ 1995

https://uknowledge.uky.edu/ktc

researchreports/846/

University of Michigan, TCAUP

ﬂlumino snllcate\
Calcined clays

- Kaolinitic clays

- Lateritic clays

Volcanic rocks

Mine tailings

Industry by-products
- Blast furnace slagj

-Coal fly ashes

User-friendly
alkaline reagents
(Na.K)-soluble silicate with Water
MR 3102 M20 >1,65

- geopolymer cements
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Corbeled Arch

Greek

Lion Gate

* Mycenae

+ 1250 BC

* Corbeled “arch”

» Stone lintel
« 3 ft thick
 30ton

University of Michigan, TCAUP Masonry Slide 19 of 38

Corbeled Arch

Greece

Treasury of Atreus at Mycenae
« 1250 BC

Syria

Royal Palace of Ugarit
* 1400 - 1200 BC
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Corbeled Arch

India

Billbee-ubud

Maya

Cahal Pech
e 250 AD

Trabeate Arch — New Delhi
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Post & Lintel

Greek

Temple form

* Derived from wood construction
« ‘“architecton” is master carpenter
» Stone replaced wood by 700 BC 3 _Eo

Y

. BGaiak FTuns (ORITRVCTION

FIG. 7—NEW HAMPSHIRE
BARN FRAME
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Post & Lintel

Greek . il 'ﬁ‘” ;
Parthenon ?Nlﬂ : ‘Ufll! ¢

. 447- 438 BC
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Post & Lintel

Nashville

Parthenon

* Original in wood 1897
* 1925 exterior

* 1931 interior

* 1990 statue

University of Michigan, TCAUP Masonry Slide 24 of 38




Wall Construction

Roman

Fired brick used in walls
* Solid masonry
» Infill with concrete (pozzolanic)

8in.
(200 mm)
S
,;;\0“\«\ (Sl
15in.§ @QQ
(38 mm) 8in.
(200 mm)
9in.
(225 mm)

Figure 1.3 Roman bricks made in a mold.

University of Michigan, TCAUP

OPUS RETICULATUM

OPUS TESTACEUM

Masonry

RS

OPUS CAEMENTICIUM
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Wall Construction

Roman

Fired brick used in walls
* Solid masonry
» Infill with concrete (pozzolanic)

(a) Bonded Brick Wall

(b) Brick Faced
Wall with Header
Courses

Figure 1.7 Roman masonry walls.
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(c) Brick Faced Wall

Masonry
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Arches

Roman

The arch

* Firstto use

» Circular form
* Braced sides
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Arches

Cable in
tension

Outward
pressure

Parabola
Outward
pressure

Unliorm‘ Equa;l()j/
Arch forms e Ty = s
ey XA RARIE! s
* catenary prosaure
* parabolic
 circular
(@) Archin (b) Parabolic (c) Semicircular (d) Pointed Arch
Compression Arch Arch

Figure 1.16 Cable-arch analogy.

Thrust line
\
/ \ TL,_
[l ] /
] \ ]l
| el
I
(a) Thick Semicircular (b) Thin Semicircular (c) Gothic Arch
Arch Arch

Figure 1.17 Thrust lines in common arches.

University of Michigan, TCAUP Masonry Slide 28 of 38




Arches

Arch forms
* catenary
* parabolic
» circular

University of Michigan, TCAUP

Unliorm‘
weight
of cable

(a) Arch in
Compression

Cable in
tension

vt
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Catenary
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Outward
pressure

Equally
spaced
weights
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(b) Parabolic (c)
Arch

Outward
pressure

weight

Inward
pressure

~

Semicircular (d) Pointed Arch
Arch

Figure 1.16 Cable-arch analogy.
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(a) Thick Semicircular (b) Thin Semicircular
Arch

Figure 1.17

Arch

(c) Gothic Arch

Thrust lines in common arches.
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Arches
Arches — thrust line calculation S
«  Sum moments at section
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Arches

Arches — thrust line calculation
«  Sum moments at section

Two examples with different contact
bearing points

Parabolic Thrust Line

Thrust
(c) Stress Distribution for (a)

\Joint opens

(b) Non - Uniform End Bearing L (d) Stress Distribution for (b)

Figure 1.14 Thrust lines and stresses in inclined lintels (primitive arches).
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Arches

Roman

The arch

* Firstto use

» Circular form
* Braced sides
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Arches Roman arch bridge
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Vaults %
Vault forms m

. (a) Single (b) Series of Vaults : (c)Lateral Vaults
* single Vault (Normal)
* parallel

* Cross
* pointed (gothic) ".

(d) Lateral Vaults (e) Cross or Groin (f) Multiple Cross
(Parallel) Vault Groin Vault

Figure 1.25 Examples of combined barrel vaults.

\\
~
SPiN b spanB (a) Construction of Vaults (b) Construction of Vaults Using
Aactanglol AN Requiring Temporary End Walls and Previous Construction
under jgnctigr? i Support for Stability During Construction

Figure 1.27 Intersection of pointed vaults.
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Domes

Arch forms
* catenary
* parabolic
» circular

Compression

Compression

0.6h

Tension

Compression
1

Figure 1.22  Stress in a hemispheri-
cal dome under its own weight.
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/— Mud brick

1010 26 ft
(3to8m)

(a) Cyprus House, 5650 BC

Wrought stone,
no mortar

I

ot

(9.1 m)

(b) Church at Ezra,
Syria, 515 B.C.

Limestone base
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(c) Dome of St. Peter's,
Rome, 1590 A.D.

Figure 1.24 Examples of domes
approximating thrust surfaces.
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pomes

Roman

The masonry dome
¢ First to use

¢ Spherical form

¢ Braced sides

University of Michigan, TCAUP

Masonry

Pantheon 124 AD
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Domes

Roman

Pantheon 125 AD
First to use

» Spherical form

* Braced sides

41t (1.2m)
/ thickness
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143 ft. |23t

e
l (43.6 m) (7m)!

Figure 1.23 The Pantheon in Rome (A.D. 123). (Redrawn from Ref.
1.9)
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Domes

Roman

Pantheon
 Thrustline
« Catenary models

Institute for Lightweight
Structures (IL)

University of Michigan, TCAUP
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