
Construction Technology 1  (AES 24501) 
  
Intro to Basic Materials: 
 

 
 

MASONRY MATERIAL 

 
 

 
 



 
 

 
MINARET ‘al-MALWIJA’ 
SAMARRA, IRAQ, ~860



 
GREAT WALL (MING DYNASTY) 
CHINA, 1368 - 1644

 
 



 
MONADNOCK BUILDING 
CHICAGO, 1889 - 1891

 
 



 
 

 
GRUNDTVIGS CHURCH 
DENMARK, 1913 - 1930



→ TYPOLOGY OF HUMAN PRODUCTION METHODS: 
G. Semper:  
“Style in the Technical and Tectonic Arts - 
 or Practical Aesthetics”     1860-1863 
 (after G.Klemm: “General Cultural History of Mankind”, 1843-1851) 
 

Four ‘ORIGINAL’ Methods of Production: 
 
- WEAVING 
- POTTERY 

- STEREOTOMY (MASONRY CONSTRUCTION) → 

“The‘KNOT’ (as representation of a technical solution)  
 is the oldest technical symbol and… 
 

 the prime motif of human ‘tekhne’ (craft,…) because  
 a structural necessity (the connection of 2 elements)  
 becomes an aesthetic, meaningful image.”

 
 

 

- TECTONICS (TIMBER CONSTRUCTION; → ‘FILIGREE’ - TECTONICS (TIMBER CONSTRUCTION) →   

- STEREOTOMY                                ‘SOLID’ 



 
 

“PREFAB” 

THE FIRST PREFABRICATED  
BUILDING SYSTEM OF HUMANKIND ! 



 
 

 
 

 
 

→   MASONRY 



 
 

→   MASONRY BONDS 



 
 



 
 

1900 - 1920 



 
 

1920 - 1950 



 
 

TODAY 



→   MASONRY BOND 
 
 



Mies van der Rohe:  
“Brick Country House”, 
1923 

→   MASONRY BOND: EXAMPLE 
 
 



 
 

→   MASONRY BOND: PRINCIPLES           (HERE: ‘ENGLISH BOND’) 

1 EXACT HORIZONTAL 
   COURSES 
 

2 REGULAR ALTERNATION 
   OF ‘STRETCHER’ AND 
   ‘HEADER’ 
 

3  MAXIMAL AMOUNT OF 
   ‘HEADERS’ IN THE CORE 
 

4 MAXIMAL AMOUNT OF 
   FULL BRICKS; ‘CLOSERS’ 
   (3/4 BRICKS) ONLY 
   WHERE NECESSARY 
 

5 HEAD JOINTS SHOULD 
   CONTINUE THROUGH 
   THICKNESS OF WALL 
 

6 HEAD JOINTS OF TWO 
   SUCCESSIVE COURSES: 
   OFF-SET BY 1/4 TO 1/2 
   OF LENGTH OF UNIT 
 

7 CORNERS+INTERSECTIONS 
  +BUTT JOINTS: CONTINUE 
   STRETCHER COURSE 
 

8 INTERNAL CORNER: THE 
   HEAD JOINTS OFF-SET IN  
   SUCCESSIVE COURSES. 



→ BASIC BRICKWORK TERMINOLOGY:

 
 

COURSE 

WYTHE BED JOINT 

HEAD JOINT 

STRETCHER 

HEADER 



→ ‘A BRICK WALL IS ONLY  
 AS STRONG AS ITS BOND !’

 
 

 WHY DO WE SEE SO MANY RUNNING BONDS NOWADAYS ?  

1 2 3

4 5 6

7 8 9



→  PLANNING WITH BRICK: 
    DIMENSIONING 

 
 

 

1st COURSE: 3x 8” + 2x  
3/8” = 24 

3/4 ” 

 

2nd: 2x 8” + 2x  3 
5/8” + 3x 3/8” = 24 

3/8 ” 
  

→ BRICK DIMENSIONS OF DIFFERENT  
    COURSES NOT NECESSARILY SAME: 

 

→  ‘MAIN’ COURSE FOR GEOMETRICAL CONCEPT 
→  DOUBLE-CHECK 2nd COURSE 
→  COORDINATE WINDOW/DOOR OPENINGS 
→  NO MATERIAL CHANGES FOR BRICK ! 

 

8”        8”   8” 

 

 35/8      8”            8”          35/8 



→ ALVAR AALTO: EXPERIMENTAL HOUSE,  MUURATSALO 1952-54

 
 

 
 

 
 

 
 

 
 



→ FABRICATION

 
 

 
 

TUNNEL KILN: 
  

1800 – 2400 ˚F 
~1-2 hours 



→ ‘A BOND NEEDS A MODULAR SYSTEM !’
 
 



→ CORED, FROGGED, HOLLOW, SOLID BRICKS
 
 

 
 



→ I.E. REINFORCED WALLS:  OFFICE da: BRICK SCREEN HOUSE

 
 



→  ‘CMU’ - WALLS: STRUCTURAL: REINFORCED TYPE 
 
 



→ ‘MORTAR BONDS !’

-  ASSIMILATES/CUSHIONS 
  IRREGULARITIES OF BRICK 
 

- BEARING TRANSFER 
 

- SEAL AGAINST CLIMATE:   
  WIND+WATER 
 

- ADHESION BONDS UNITS 
  INTO SINGULAR   
  MONOLITHIC STRUCTURE 
 

- CONTENTS:  
  PORTLAND CEMENT 
  HYDRATED LIME 
  AGGREGATE (SAND) 
  WATER 
 

- PROPRIETARY FORMULATIONS 
 

- COLOR / COLORS 
 

-  TYPES N / M / S / O 
 

- CURING BY HYDRATION 
  (NO USE AFTER 21/2 HOURS) 
 

- CHEMICAL ADDITIVES 
  FOR LONGER WORKABILITY 

 
 

 

 THE MORTAR JOINT ACCOUNTS FOR ‘TOLERANCES’/ADJUSTMENT IN ASSEMBLY PROCESS! 



→ MORTAR JOINT CHOICES :

 
 



→ GROUT PROBLEMS (‘EFFLORESCENCE’… and ’POINTING’)

 
 



→ GROUT PROBLEMS 
 
 



 
 

 

→  DURABILITY  (PRODUCTS)



→ REPAIRS : (LOCAL LAW 11, FAÇADE INSPECTIONS)

 
 

 
 



 
 



 

→  BRICK AS A BUILDING SYSTEM:  
    (ADVANTAGES - DISADVANTAGES)

 

è  FLEXIBILITY/EFFORT  ●  PLANNING 
    ●    WORKING 
è  LABOR/SPEED OF CONSTRUCTION 
è  VERSATILITY / GEOMETRY
è  TRANSPORTATION
è  SUSTAINABILITY 
è  INSULATION QUALITY 
è  POROSITY/WATER PENETRATION 
è  RAW MATERIAL AVAILABILITY 
è  MATERIAL COSTS
è  BUILDING MAINTENANCE
è  SPANNING 
è  BEARING CAPACITY 
è  FIRE RESISTANCE 
è  WEIGHT / ‘DEAD LOADS’ 

MONADNOCK BUILDING, Burnham & Root, 1884-1891 



→  INSTALLATION:  
 

 
 

→ BRICK HELD WITH ONE HAND! 

→  FOUNDATION MARKS; START  ‘LEADS’ ON CORNERS, IN MORTAR BED. 
→  EACH COURSE MUST BE LEVEL, STRAIGHT, PLUMB. 
→  FILL-IN BETWEEN COMPLETED ‘LEADS’ W/ STRETCHED LINE. 



 
 4/22   MASONRY  

TRAINING @ IMI 



→  INSTALLATION:   
 

 
 

→ ‘CONCRETE MASONRY UNIT’ HELD WITH TWO HANDS! 

→  FOUNDATION MARKS; START  ‘LEADS’ ON CORNERS, IN MORTAR BED. 
→  EACH COURSE MUST BE LEVEL, STRAIGHT, PLUMB. 
→  FILL-IN BETWEEN COMPLETED ‘LEADS’ W/ STRETCHED LINE. 

CMU 



→ ‘CMU’ - TYPES: 
 
 

 
 

 
 

CMU: H= 7 
5/8” (8),  L= 15 

5/8” (16)  

3 
5/8” (4)  

5 
5/8” (6)  

7 
5/8” (8)  



→  ‘BOND BEAMS’: 
 
 



→  CASE STUDY: A. VILLAREAL: ’SISTEMA ARDE’ / TANDACASA, 1996-98 

 
 



→  CASE STUDY: F.L.WRIGHT, MILLARD HOUSE, 1923; ‘TEXTILE BLOCK’ 
 
 



 

→  FLEXIBILITY / EFFORT  (WORKING WITH BRICK)

 
 



 

→  VERSATILITY / GEOMETRY  (“FORM MAKING”)

 
 

 
 

 
 



 
 

 
 

 

→  VERSATILITY / GEOMETRY  (PRODUCTS)



 

→  VERSATILITY / GEOMETRY  (PRODUCTS)

 
 



 

→  TRANSPORT  (PRODUCTS)
 
 



 

→  EMBODIED ENERGY  (MATERIAL PROPERTIES)
EMBODIED ENERGY (EE)  
 

THE ENERGY CONSUMED IN  
 

● MANUFACTURING, 
● ITS TRANSPORT, 
● ITS INSTALLATION, 
● ITS MAINTENANCE, 
● ITS DEMOLITION 
 

OF CONSTRUCTION MATERIAL, 
MEASURED IN GIGAJOULE 

(GJ)→ ’CARBON FOOTPRINT’ 

SOURCE: INSTITUTION OF STRUCTURAL ENGINEERS UNITED KINGDOM 

 
 

 
 

 
 

 
 



 

→  INSULATION VALUE (hr sq.ft.˚F/BTU) or (m2 K/W) 
 

 
 

 
 



 
 

 
 



 

→  INSULATION VALUE (hr sq.ft.˚F/BTU) or (m2 K/W) 
 

 
 

 
 



 

→  FIRE RATINGS 

 
 

 
 



→ HOW TO SPAN BRICK:
 
 

 
 

 
 

 
 

LINTELS 



→ ‘OPUS CAEMENTITIUM’ 
R.Moneo: Museo de Arte Romano, Merida

 
 



→ ‘OPUS CAEMENTITIUM’ 
       Peter Zumthor: Vals Bath, Switzerland 1990



→ ‘TRUE LINTEL’  AS DESIGN IDEA 
       Louis Kahn: Exeter Library, New Hampshire 1971



→ CORBELLING
 
 

 
 



→ CORBELLING

 
 

 
 

 
 



→ CORBELLING: “FALSE ARCHES” - “FALSE VAULTS”

 
 

 

 “FALSE” 

 

‘TREASURY OF ARTEUS”, MYCENAE, GREECE ~1200 B.C.  



→ ‘TRULLI’ CONSTRUCTION

 
 



→ ARCHES
 
 

 

  “TRUE” 

 

‘OLYMPIC STADIUM’, ATHENS,  ~300 B.C.  

 
 



→ STONE: MASONRY, too …
 
 



→ STONE: MASONRY, too …
 
 



→ STONE: MASONRY, too …
 
 



→ STONE: MASONRY, too …
 
 



→  STONE FABRICATION: 
 
 



→  NATURAL STONE: 
ANTON GARCIA-ABRIL: MUSIC ACADEMY; 
SANTIAGO DE COMPOSTELA, SPAIN 2002 

 
 



→ ARCHES: TERMINOLOGY

 
 



→ CONSTRUCTING AN ARCH

 
 

CENTERING 



 “You say to brick, ‘What do ���
   you want, brick?’ And brick���
   says to you, ‘I like an arch.’ ���
   And you say to brick, ‘Look, ���
   I want one too, but arches are ���
   expensive and  I can use a ���
   concrete lintel over you, over ���
   an opening.’ And then you���
   say, ‘What do you think of ���
   that, brick?’  Brick says, ‘I ���
   like an arch.”  L. Kahn, 1973

→ ARCHES:     LOUIS KAHN’S ‘DIALOGUE WITH BRICK’:
 
 

 
 

 LOUIS I. KAHN: INDIAN INSTITUTE OF MANAGEMENT, AHMEDABAD, INDIA 1962 - 1974 



→ ARCHES, CONTEMPORARY:
 
 



→  CONSTRUCTING AN ARCH 
→  CONSTRUCTING A VAULT

 
 



→  VAULTS, CONTEMPORARY

 
 

J.JENSEN + B.SKODVIN, HOUSE 
WORMDAL, OSLO NORWAY 1991 



→  CONSTRUCTING A CIRCULAR VAULT

 
 

J.PLECNIK, PRAGUE CASTLE 1923 



→ TIMBREL VAULTING: ‘THE GUASTAVINO SYSTEM’

 
 
 
 



→ TIMBREL VAULTING: ‘THE GUASTAVINO SYSTEM’

 
 



→   VAULTING: 
 
 



→   DOMES, VERNACULAR, WORLDWIDE: 
 
 



→   CONSTRUCTING AN ARCH WITHOUT FORMWORK: 

 
 

FILIPPO BRUNELLESCHI:  CONSTRUCTION OF 
130 FEET DIAM. DOME IN TWO LAYERS, WITH 
DIFFERENTIATION OF STRUCTURE AND INFILL 
(IN HERINGBONE PATTERN), STEEPER ANGLE 
OF DOME (NOT ROUND), BUILT IN 1420-1446

 
 

 
 



→   CONSTRUCTING AN ARCH WITHOUT FORMWORK: 

 
 

 
 

144 feet span 



→   CONSTRUCTING AN ARCH WITHOUT FORMWORK: 

 
 

 
 

144 feet span 



 
 

 
 



 
 

 
 

 
 

 
 

 
 




