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

 
 

MASONRY WALL SYSTEMS 

 
 

 
 



WALL ASSEMBLIES, 
CONTEMPORARY: 

INTERIOR FINISH 

→ IN CONTEMPORARY CONSTRUCTION WE OFTEN DESIGN WALL 
 

ASSEMBLIES THAT ARE NOT HOMOGENOUS (+SOLID), BUT 
HETEROGENEOUS = COMPOSED OF LAYERS  

STRUCTURE 
THERMAL INSULATION 
WATERPROOFING 
EXTERIOR FINISH 



 
 

CMU 
CONCRETE MASONRY UNIT 



→  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’: 
 
 



 
 



→  ‘CMU’ - WALLS: STRUCTURAL: DEMISING WALLS 
 
 



→   LATERAL FORCES                              EARTHQUAKES 
 
 



→   VERTICAL REINFORCEMENT 
 
 



→  ‘CMU’ - WALLS: STRUCTURAL: DEMISING WALLS 
 
 



→  ‘CMU’ - WALLS:  REINFORCED 
 
 

 
● RESISTANCE TO TENSILE FORCES 
→ HIGHER RESISTANCE TO LATERAL FORCES 
    (WINDS, HURRICANES, TORNADOES, EARTHQUAKES) 
 

→ HIGHER RESISTANCE TO OVERALL FORCES 
    (CODE: ‘UNBRACED HEIGHT’ = WIDTH FACTOR; 
      UNREINFORCED WALL 12”= CA. UP TO 18’-0” 
      REINFORCED WALL 12” = CA. UP TO 36’-0” 
 

→ REINFORCING STEEL MUST BE ABLE OF BEING STRESSED: 
    GROUT INFILL IN REINFORCED MASONRY CELLS 
 



→  ‘CMU’ - WALLS: REINFORCED SYSTEMS 
 
 

 
 



→  ‘CMU’ - WALLS: STRUCTURAL: REINFORCED TYPE 
 
 



→  ‘CMU’ - BUILDINGS: 
 
 



→  ‘CMU’ - BUILDINGS: 
 
 

INTERIOR FINISH 

STRUCTURE 
THERMAL INSULATION 
WATERPROOFING 
EXTERIOR FINISH 



→  CASE STUDY: CLARK & MENEFEE, MOUNTAIN CABIN, NC 1993: 
 
 

 
 



→  CASE STUDY: WHERE IS THE INSULATION? 

ENERGY EFFICIENCY: AVOIDANCE OF ‘THERMAL BRIDGES’ 
→ MORE EVEN TEMPERATURE IN BUILDING STRUCTURE 
→ AVOIDANCE OF CRACKS, MATERIAL FATIGUE / DAMAGES 
→ AVOIDANCE OF CONDENSATION / MOULD / DISCOLORATION 
→ HEATING/COOLING SAVINGS; HIGHER THERMAL COMFORT 
 

CHECK PRODUCTS + KEY DETAILS: 
-  CONTINUOUS INSULATION ‘LINE’ IN PLANS + SECTIONS 
-  WINDOWS ARE PART OF THE INSULATION ‘LINE’ 
-  CHECK ‘SPECIAL CASES’:  a) BASEMENT / FOUNDATION 
     b) WINDOW / WALL 

    c) FLOOR SLABS / WALL 
    d) WALL / ROOF 



→  THERMAL BRIDGES: 
 
 

 
 

 
 

 
 



→  EXAMPLE: 
 
 

 
 

  WWW.SCHOCK.CO.UK 



→  REASONS FOR LAYERED CONSTRUCTION: 
 
 

è  INSULATION PERFORMANCE 
    ‘THERMAL’ (+ ‘ACOUSTICAL’) 
 

è  WATERPROOFING BARRIER  
     (2nd LINE OF DEFENSE → DRAINAGE CONCEPT) 
     (NEGATIVE PRESSURE ZONE → EVAPORATION) 
 

è  STRUCTURAL PERFORMANCE ↔ AESTHETICS (COSTS) 
è  DIFFERENT MATERIAL LIFE CYCLES   
    (MAINTENANCE/REPAIR/RENOVATION EFFORT) 
 

è  REDUCTION OF MATERIAL FATIGUE  
    (INTERIOR ↔ EXTERIOR CLIMATE ) 
 

è  ECONOMIC CONSIDERATIONS → MATERIAL SAVINGS 
     (VENEERS, LIGHT-WEIGHT STRUCTURES) 
 

è  WEIGHT SAVINGS (STRUCTURAL MEMBER DIMENSIONING) 
 

è  COST SAVINGS  

 
 



 
 

→ ‘CAVITY WALL’ 

     - 2 ‘WYTHS’ OF MASONRY, CONNECTED W/ TIES 
    - CAVITY BETWEEN → DRAINAGE AND VENTILATION 
 

     PROPERTIES: 
    - SUPERIOR RESISTANCE TO RAIN PENETRATION 
    - INCREASE IN THERMAL PROPERTIES 
    - GREAT RESISTANCE TO SOUND TRANSMISSION 
    - HIGH RESISTANCE TO FIRE 

 
 



 
 



 
  

 



 
 



→  MASONRY TIES: 
 
 



→  ‘CMU’ - WALLS: REINFORCED SYSTEMS 
 
 



 
 

→ ‘CAVITY WALL’ 



→  CAUTION: THERMAL RENOVATION OF CAVITY WALLS 

 
 

SYSTEMS WHERE INSULATION IS 
BLOWN INTO CAVITY:  
 

… 
 

→  PHYSICAL CONNECTION BETWEEN   
     EXTERIOR AND STRUCTURAL WYTHE 
 
→  WATER TRANSFER TO INNER WYTHE 

… AND SUBSEQUENTLY TO INTERIOR 
 
 (IF NO PROPER MOISTURE BARRIER EXISTS…) 



→ MOISTURE + CONDENSATION  
 

 

THE PHENOMENON OF VAPOR DIFFUSION: 
 

1) COLD AIR IS ONLY ABLE TO CONTAIN 
    LITTLE WATER VAPOR (OUTSIDE - DRY AIR) 
2) WARM AIR CONTAINS CONSIDERABLE 
    WATER VAPOR (INSIDE - HIGHER HUMIDITY) 
 

→ WHEN HUMID HOT AIR MEETS COLD AIR, OR     
    IS QUICKLY COOLED → CONDENSATION : 
    REL. HUMIDITY MEETS 100% (DUE POINT) 
 
è  ROTTING (WOOD CONSTRUCTION)
è  CORROSION (I.E. ‘BAD’ WALL TIES)
è  MOULD GROWTH (SURFACE CHANGES) 
è  DISRUPTION OF LOADBEARING  
    STRUCTURE 
è  DAMP THERMAL INSULATION 
    BECOMES USELESS ! 
    (WATER CONDUCTS HEAT OPTIMALLY !) 
 



→ VAPOR BARRIER / AIR BARRIER  
 

 

BASIC PRINCIPLES:  
 
- VAPOR BARRIER MUST BE ATTACHED  
  TO THE WARM SIDE (INSIDE) PRIOR 
  TO FIXING THE THERMAL INSULATION 
- AVOIDANCE OF JOINT LEAKS 
 
- THE IMPERVIOUSNESS (TO VAPOR) OF 
  THE MATERIALS MUST DECREASE FROM 
  INSIDE TO OUTSIDE : 
 
  ● INSIDE: ‘SEALED’ LOADBEARING LAYER 
  ● OUTSIDE: ‘PERMEABLE’ PROTECTIVE LAYER 

è  WATER RESISTANCE OF INSULATION ALSO DECISIVE ! 



→ 4 DIFFERENT MEASURES:
 
 

 
 

 
 

 

è  1  INTERNAL LOADBEARING WALL MADE 
        FROM VAPOR-TIGHT MATERIAL: 

 I.E. - ON-SITE CONCRETE W/ HIGH DENSITY 
       - CUSTOM GLUED SANDWICH PANELS (TIMBER) 

 
è  2  THERMAL BARRIER MADE FROM A  
        VAPOR-TIGHT INSULATING MATERIAL

 I.E. - CELLULAR GLASS (FOAMGLAS) 
  

è  3  VAPOR BARRIER MEMBRANE ATTACHED 
        TO THE WARM SIDE, IN FRONT OF THE  
        THERMAL INSULATION 
 
è  4  VENTILATED CAVITY BETWEEN INSUL- 
        ATING LAYER AND PROTECTIVE LAYER
 



→ DEPENDING ON CLIMATIC CONDITIONS:
 
 



→ WATERPROOF MEMBRANE: → AGAINST EXTERIOR MOISTURE 

 
 

BASICS: - FACE BRICK WATER PERMEABLE; INSULATION WATER 
      ABSORBENT; STRUCTURE SUSCEPTIBLE TO DAMAGE … 

 

→  MEMBRANE @ EXTERIOR SIDE OF INSULATION 
→  CAVITY: VENTILATION/EVAPORATION/DRAINAGE (‘2nd line of defense’) 

 
 



→ ‘CAVITY WALL’ 

 
 

 
 



→ DRAINAGE / VENTILATION:      
    ‘WEEPHOLES’ 
 

     - 24” (BRICK) TO 32” (CMU) APART 
     - 1/4” DIAMETER MINIMUM

 
 



→ DRAINAGE: ‘FLASHING’ 
- SUCCESS OF ANY CAVITY WALL DEPENDS ON PROPER FLASHING:

BASE:   MOST IMORTANT  
  FOR DRAINAGE ! 

WINDOW: EXTENSION (6”-8”)  
  BEYOND JAMB LINES;  
  BOTH ENDS NEED AN 
  ‘END DAM’. 

                JAMB TO WINDOW  
  FRAME DETAIL ! 

PARAPET: FLASHING  
  IMMEDIATELY UNDER 
  COPING; COPING 
  NEEDS SLOPE. 
  ANCHOR + DOWEL  
  ROD CONNECTION 

 
INSTALLATION W/ CONTINUOUS  
MASTIC BED, OR SELF-ADHERING; 
 

RULE OF THUMB: FLASHING IS 
NECESSARY: OVER OPENINGS, 
UNDER OPENINGS, @ ANY BASE  
OF WALL, @ ANY TOP OF WALL; 
CHANGE IN PROJECTION; SHELF 
ANGLES; WEEP HOLES: SAME! 

 
 



 
 



 
 

THERMAL EXPANSION: 
STEEL: ~ 7 x 10-6 ˚F-1 
BRICK: ~ 4 x 10-6 ˚F-1 
+ DIRECT CONDUCTION FROM INSIDE… 



 
 



→ JAMES POLSHEK: BARNARD COLLEGE TOWER, 1985
 
 



→ SUPPORT STRUCTURE: ‘SHELF ANGLES’

WEIGHT / DEAD LOAD:     40 - 100 LB./CU.FT. 
 

       (HERE: 60 LB./CU.FT.) 
 

COMPRESSIVE STRENGTH: ~ 6,000 PSI 
 

CALCULATION: 
PER FOOT OF BRICK FAÇADE;  
1 WYTHE, 1 FLOOR, 9 feet HEIGHT: 
 

1 x 1/3 x 9 FT.  = 3 CU.FT.  
 

x 60 LB./CU.FT.   = 180 LB. 

 
 

 
 



 
 



→ LINTELS: AVOIDANCE OF THERMAL BRIDGES
 
 



 
 

→  CASE STUDY:  
SCHMIDT HAMMER LASSEN ARCH., 
AROS MUSEUM, AARHUS DENMARK 

 
 



→ SUPPORT STRUCTURE: ‘SHELF ANGLES’

 
 



→ SUPPORT STRUCTURE: ‘SHELF ANGLES’

 
 



→ BUILDING JOINTS 
CLIMATE: 
→  THERMAL DIFFERENTIAL  
 

WARMER = EXPANSION 
COLDER = CONTRACTION 
BUT, 
FREEZING (MOISTURE) EXPANDS 
 
FABRICATION: 
→ MOISTURE CONTENT 
 

WETTER = EXPANSION 
DRYER = CONTRACTION 
 
LOADS: 
→  DEFLECTION 
→  SAGGING 
 

AGING: 
→ RUST (= EXPANSION) 
 
 

VOLUME-CHANGE JOINTS: 
MASONRY: ~ 30 FT., 
 

DEPENDENT ON MATERIAL 
EXPANSION RATE 

 
 



→   CONTROL JOINT: 
 
 



→ CAVITY WALL: ’CONTROL JOINTS/EXPANSION JOINTS’

 
 



 
 

→ EXPANSION JOINTS: “WHERE TO PLACE THEM ?”



 
 

→ CAVITY WALL: ‘STRUCTURE/ENCLOSURE, SURFACE DIVIDER’

 
 



→ BACK-UP: STRUCTURE   (CONCRETE MASONRY; WOOD)

 
 

 
 



→ BACK-UP: STRUCTURE    (CONCRETE; STEEL)

 
 



→ BACK-UP: STRUCTURE              (STEEL)

 
 



 
 

→ SUPPORT STRUCTURE: …MORE STEEL…



 
 

→  MORE TIES + ANCHORS: 



 
 

 
 

→  STONE INSTALLATION: 



→  STONE FABRICATION: …’HIGH TECH’… 
 
 



 
 

→  QUESTION:  HOW THICK  IS STILL APPROPRIATE ? 



→ IS THIS STILL A ‘BRICK FAÇADE’ ?
 
 



→ IS THIS STILL A ‘BRICK FAÇADE’ ?
 
 



 
 

→ IS THIS STILL A ‘BRICK FAÇADE’ ?



 
 

→  QUESTION: HOW THICK IS STILL RIGHT ? 



→ OR, … IS THIS A MORE CONTEMPORARY ‘BRICK FAÇADE’ ?
 
 

Renzo Piano: IRCAM, Paris 1990 



66

→ OR, … IS THIS A MORE CONTEMPORARY ‘BRICK FAÇADE’ ?

Dry-joint Argeton System  



→ OR, … IS THIS A MORE CONTEMPORARY ‘STONE FAÇADE’ ?
 
 



→ VALS BATH, SWITZERLAND: PETER ZUMTHOR, 1996

 
 



→ VALS BATH, SWITZERLAND: PETER ZUMTHOR, 1996

 
 



•  BURKHARD/MEIER ARCH., HOUSE IN BADEN, SWITZERLAND, 2000

 
 



•  BURKHARD/MEIER ARCH., HOUSE IN BADEN, SWITZERLAND, 2000

 
 



•  ALTERNATIVES: AUTOCLAVED AERATED CONCRETE (AAC) 
      [ ALSO: AUTOCLAVED CELLULAR CONCRETE (ACC) ] 

PROPERTIES: 
 

→ FUNCTIONS SIMULTANEOUSLY AS 
    STRUCTURE + INSULATION ! 

→ R-VALUES UP TO 1.25 PER INCH 
→ ~20% DENSITY (IN COMPARISON TO CONCRETE) ; 
→ ~10% COMPRESSIVE STRENGTH (CONCRETE)  
 

→ LIMITED TO LOW-RISE BUILDINGS  
    (UP TO 4 FLOORS W/ REINFORCEMENT) 
 

→ POROSITY REQUIRES MOISTURE PROTECTION 
 



•  M.WESPI/J.DE MEURON, HOUSE IN MORCOTE, SWITZERLAND, 2003 

 
 


