
Construction Technology 1  (ARCH 35301) 
  
Intro to Basic Materials: 
 

 

 FOUNDATIONS 

 
 

 
 



→  FOUNDATIONS: “THE INVISIBLE”,… “THE BIG TICKET” ITEM 

F.L.WRIGHT: ‘FALLINGWATER’, 1936-1939 

 
 



→  FOUNDATIONS: “THE INVISIBLE”,… “THE BIG TICKET” ITEM 
 
 

FELIX CANDELA: STRUCTURAL CANOPY STUDIES 

 
 



SOIL CONDITIONS ↔ BUILDING CONSEQUENCES:  
 
 



→  SUBSTRUCTURE / SUPERSTRUCTURE:  

 
 

RELATIONSHIPS 



→  EXAMPLES: SPACIAL CONNECTION BETWEEN SOIL AND BUILDING 

 
 



→  START OF CONSTRUCTION:  
 
 

FROSTLINE NY: 
36” – 48” BELOW GRADE 



 
 

 
 

CONDITION: ’SOLID’ 

ROCK  
 

REQ.:  DRILLING, 
 BLASTING, 
 PNEUM. HAMMERING 



 
 

 
 

      DATE:  6/20/07   ∧

DATE:  8/20/07   > 
 

   - EXCAVATION TIME 
 

   - DRILL EQUIPMENT 
   - SHEETING METHOD 
 

 
 



→  SOIL CONDITIONS:  
 
 

 
SOIL (PARTICULATE)  
 

REQ.:  EXCAVATION 
 
 

 TYPES OF SOIL: 
 

 BOULDER, COBBLE 
 GRAVEL, SAND (COARSE-GRAINED SOIL) 

 SILT (EQUIDIMENSIONAL GRANULES; 0.002 - 0.00008”) 
 CLAY (PLATELIKE GRANULES; < 0.00008”)

 PEAT, TOPSOIL (ORGANIC, NOT SUITABLE) 

 
→ WATER CONTENT, PORE VOLUME 
 

 COHESIVE (+) ↔ FRICTIONAL (-) 
 (SHEAR RESISTANCE OF SOIL) 

CONDITION: ’PARTICULATE’ 



→  SOIL CONDITIONS:  

NOTE:   SHEAR RESISTANCE BETWEEN GRANULES WILL 
 INCREASE WHERE SURROUNDING SUPPORTIVE  
 STRATA CONFINES IT. 

 
 

 
 

 
 



→  SOIL CONDITIONS / EXCAVATION:  
SIMPLE EXCAVATION PROCESS:  
→ ‘BENCHED EXCAVATION’ 
 

 - REMOVAL OF UPPERMOST LAYER OF 
   TOPSOIL; STORAGE ON SITE (CA. 1 FT.) 
 

 - PROFILE BOARDS, MAIN GRID LINE SURVEYING 
 

 - FURTHER REMOVAL → TOOLS →   
   DEPENDENT ON GROUND CONDITIONS; 
   PART STORAGE ON SITE FOR BACKFILL 

 - AT ARRIVAL OF REQ. DEPTH: FOOTING w/   
    ‘MUD SLAB’ W/ CRUSHED STONE UNDERLAYMENT 

 → INSPECTION FOUNDATION ENGINEER 
 
  

 
 



→  EXCAVATION PROCESS:  

RULES: SET-BACKS + SIDE YARD (FOLLOW LOCAL CODES! > PLOT PLAN), 
HEIGHTS: FROST LINE, BASEMENT HEIGHT, PROTECTION WOOD FRAME. 



→  SOIL CONDITIONS / EXCAVATION:  
ADVANCED EXCAVATION PROCESS:  
→ ‘SHEETED EXCAVATION’ 
 

 - REMOVAL OF UPPERMOST LAYER OF 
   TOPSOIL; STORAGE ON SITE (CA. 1 FT.) 
 

 - 1 STORY EXCAVATION/STABLE SOIL:  
   DRILLING OF SHEETING MATERIAL 
 - TALLER WALLS → BRACING NECESSARY 
 

 - SUBSEQUENT PROGRESS ACCORDING TO: 
   SOIL QUALITY, EQUIPMENT, PROXIMITY OF 
   SURR. BUILDINGS, WATER TABLE, PERMA- 
   NENT SUBSTRUCTURE OF THE BUILDING 

 → INSPECTIONS FOUNDATION ENGINEER  

 
 



→  TIEBACK-SUPPORTS:  
- UNDISTURBED  EXCAVATION PROCESS 
 - EFFORT+COST SAVINGS 
 - DEPENDENT ON SUBSOIL CONDITIONS 
 - MANY SHEETING APPLICATIONS 

 
 

 
 

 
 



→  SHEETING METHODS:  
‘SOLDIER BEAMS + LAGGING: 
 

- STEEL WIDE-FLANGE SECTIONS DRIVEN    
 INTO EARTH BEFORE DIGGING BEGINS. 
- AS EARTH IS REMOVED, ‘LAGGING’ IS   
 PLACED AGAINST THE FLANGES. 

 

‘SHEET PILING’: 
 

- IDENTICAL VERTICAL PLANKS W/ 
 END CONNECTOR (I.E. TUNG+GROOVE). 
- DRIVEN INTO EARTH BEFORE DIGGING. 
- REMOVAL OR ‘LOST PILING’ AFTER  
 SUBSTRUCTURE IS COMPLETED. 

 
 

 
 



→  SHEETING METHODS: 
 

     DRIVING SOLDIER BEAMS  
     WITH PILE DRIVER 

 
 



→  SHEETING METHODS:  

‘SLURRY WALLS’: 
 

- CONCRETE CONSTRUCTION 
- ‘SHEETING’ BECOMES SUBSEQUENTLY  
  PERMANENT FOUNDATION WALL 
- LAY-OUT W/ PRECISION → GUIDE WALLS 
-CRANE/CLAMSHELL BUCKET EXCAVATION 
-SLURRY-FILL: BENTONITE/CLAY/WATER- 
 MIXTURE, TO AVOID TRENCH COLLAPS 
-TREMIE: BOTTOM-UP CONCRETE FILL 
 

→ SITECAST REINFORCED CONCRETE 

 
 

 
 

 
 



‘SLURRY WALLS’: 

 
 



→  SOIL CONDITIONS: 
     ‘CONTIGUOUS PILES’  
    ‘SOIL MIXING’ 

NOTE PURPOSE:  SUPPORT STRUCTURE ↔ SUPPORT EXCAVATION 

 
 

 
 



→  SOIL CONDITIONS: 
    ‘WATER TABLE’ ; ‘DEWATERING’ 

 
 



→  SOIL CONDITIONS / SETTLEMENT:  

 
 

 
 

 
 

 
 



→  SOIL CONDITIONS / SETTLEMENT:  
 
 



→  LOAD CONDITIONS / FOUNDATION LOADS:  
DEAD LOAD:     SUM OF WEIGHTS: FRAME/STRUCTURE 

     (FOUNDATIONS, FLOORS, WALLS, ROOFS, HVAC, …) 
LIVE LOAD:     SUM OF WEIGHTS: PEOPLE/USAGE (IMPOSED) 

    (OCCUPANCY, EQUIPMENT/FURNITURE, SNOW/ICE/WATER @ ROOF)

LATERAL LOADS:  POSSIBLE WIND FORCES; CANTILEVERS 
       (LATERAL, DOWNWARD, UPLIFT)���

EARTHQUAKES: HORIZONTAL+VERTICAL FORCES  
       (GROUND MOTION ↔ BUILDING MOTION) 
EARTH/WATER: HORIZONTAL PRESSURE 
        (AGAINST BASEMENT WALLS) 

‘FROST PRESSURE’: HORIZONTAL+VERTICAL FORCES  
 
 

 
 

 
 



→  SPREAD OF LOAD:  ‘SNOWSHOE’

 
 

 
 



→  LOAD+SOIL CONDITIONS / FOUNDATION DIMENSIONS:  

 
 

SHALLOW  DEEP  



→  FOUNDATION CHOICE: FACTORS:  

 
 



→  FOUNDATIONS:  
    INSULATION  
    CONCEPTS 

 
 

 
 

 
 

 
 

 
 



→  FOUNDATIONS:  
    INSULATION  
    CONCEPTS 

 
 

 
 

 
 

 
 

 
 



→  FOUNDATIONS: SHALLOW FOUNDATIONS 

•  ‘RAFT’ or ‘MAT’ FOUNDATION 

- USUALLY POOR SOIL BEARING  
  CAPACITY; OR DANGER OF  
  CRACKING STRIP FOUNDATION 
- PROVIDES LOWEST FLOOR SLAB   
 → BELOW TIMBER CONSTRUCTION 
- BIG LOADS, I.E. WAREHOUSES 
- WEAKENED BY UTILITY LINES 
- STEEL BAR REINFORCEMENT 
- BAD MATERIAL ECONOMY 

 
 

 
 

 
 

SLAB ON GRADE  



→  FOUNDATIONS: SHALLOW FOUNDATIONS 

•  ‘RAFT’ or ‘MAT’ FOUNDATION 

 
 

 
 

→ WHERE IS THE INSULATION? 
→ POTENTIAL DAMAGES? 
→ SOLUTIONS? 



→  FOUNDATIONS: SHALLOW FOUNDATIONS 

- SUPPORT LOADBEARING WALLS 
- CONTINUOUS SUPPORT → EVENLY     
  TRANSMITTED LOADS 
- EVEN-OUT GROUNDBEARING 
  CONDITIONS (SHORT BORE PILES) 
- O.K. MATERIAL ECONOMY 
- PROPORTION OF STRIP FOUNDATION  
  DEPENDING ON GROUND CONDITION 
- UTILITY LINE PENETRATION 
- STEEL BAR REINFORCEMENT 

 
 

 
 

 
 

STRIP FOUNDATION 



→  FOUNDATIONS: SHALLOW FOUNDATIONS  
 
 
 

 
 

STRIP FOUNDATION 



→  ‘SHALLOW FOUNDATIONS’:  
     FOOTINGS 

 
 

 
 

 
 



→  FOUNDATIONS: SHALLOW FOUNDATIONS 
 
 



→  FOUNDATIONS: SHALLOW FOUNDATIONS 

 
 

 
 



→  SHALLOW FOUNDATIONS 

 
 

→ ICF: INSULATED CONCRETE FORM 

 
 
 
 



→  FOUNDATIONS: SHALLOW FOUNDATIONS: DETAILS 
 
 

 
 



→  STRIP FOUNDATIONS: 

 
 



→  STRIP FOUNDATIONS: INSULATION CONCEPTS 

 
 



→  FOUNDATIONS: SHALLOW FOUNDATIONS  
 

•  ‘PAD’ FOUNDATION 

 - STRONG SOIL CONDITION 
 - COLUMN FOOTING →  
   USUALLY COLUMN STRUCTURE
 - CONNECTED BY GROUND/TIE BEAMS 
   (REINFORCED CONCRETE STRIPS) 
 - EFFICIENT MATERIAL ECONOMY ! 

 
 



→  FOUNDATIONS: SHALLOW FOUNDATIONS  
 

•  ‘PAD’ FOUNDATION: ‘TIE BEAMS’ 

 
 

 
 

NOTE:  TIE BEAMS APPLY TO 
‘POINT LOAD FOUNDATIONS’: 
‘PAD’ AS WELL AS ‘PILE’ TYPE 



→  FOUNDATIONS: DEEP FOUNDATIONS 

 
 

“DEEP FOUNDATIONS” 

 
 



→  FOUNDATIONS: DEEP FOUNDATIONS 

•  ‘PILE’ FOUNDATION: 

 
 

 
 

- CAISSON (POURED) 
- PILE (DRIVEN) 



→  FOUNDATIONS: DEEP FOUNDATIONS 

•  ‘PILE’ FOUNDATION: ‘CAISSON’ 

 
 

 
 



→  FOUNDATIONS: DEEP FOUNDATIONS 

•  ‘PILE’ FOUNDATION 
 → DRIVEN PILES / CAISSONS 

- EITHER GROUND CONDITIONS  
  EXTREMELY POOR (WATER, SAND,…), OR: 
- COMPLEX TOPOGRAPHY ADJUSTMENT, OR: 
- HIGH LOADS OF BUILDING STRUCTURE  
  → TALL BUILDINGS 
- CONCRETE (USUALLY REINFORCED, 
  ALSO STEEL/ WOOD HISTORICALLY) 
- COMBINATION: -INCREASE OF FRICTION  

           -SOIL/END BEARING 
- PILE CAPS: SUPPORTED BY SEVERAL PILES  
  (→ EVEN TRANSMISSION DOWN TO THE  
   LOAD BEARING STRATA !) 
 
  

 

 
 



→  FOUNDATIONS: DEEP FOUNDATIONS 

•  ‘PILE’ FOUNDATION 

 
 

 
 

- PRESSURE BULBS 
  w/ PILE CAP 



→  FOUNDATIONS: DEEP FOUNDATIONS 

•  ‘PILE’ FOUNDATION: ‘PILE CAPS’ 

 
 

 NOTE: CONNECTED/CONTINUOUS PILE CAPS ACT AS ‘GRADE BEAM’PLANE 

 
 



→  FOUNDATIONS: DEEP FOUNDATIONS  
 

•  ‘PILE’ FOUNDATION:  MATERIAL 

 
 



→  FOUNDATIONS:  DEEP FOUNDATIONS 

•  ‘PILE’ FOUNDATION:   “HYBRIDS” 

 
 

 
 



→  FOUNDATIONS  ↔  PROPERTY LINES 
   ‘UNDERPINNING’  

 
 



→  UNDERPINNING / ‘NEEDLING’ ↔  HOUSE MOVE 

 
 

 
 

 
 



→  UNDERPINNING:  

 
 

 
 

 
 



→  MOISTURE + WATER PRESSURE  

 
 



→  FOUNDATIONS: RETAINING WALLS 
 
 



→  RETAINING WALL FOUNDATIONS 
 
 

KEY  / HEEL 



→  FOUNDATIONS: RETAINING WALLS 
 
 



→  RETAINING WALL: ALTERNATIVE: EARTH REINFORCING 
 
 



→  FOUNDATIONS: GEOTEXTILES 
 
 

- PREVENTION OF SETTLEMENT 
- MATERIAL: CHEMICALLY INERT PLASTIC  
- HIGHLY RESISTANT TO DETERIORATION 
- REINFORCEMENT STRATEGY  
 

  → SOIL MUST BE COMPACTED 
- HINDRANCE MOVEMENT OF SOIL PARTICLES 
  → LIKE ROOTS OF PLANTS  

- PREVENT SOIL EROSION 



→  FOUNDATIONS: DRAINAGE 
 
 

 
 

 
 



→  FOUNDATIONS: DRAINAGE 
 
 



→  FOUNDATIONS: DRAINAGE + WATER STOPS 
 
 

 
 



→  FOUNDATIONS: BLIND-SIDE WATERPROOFING 
 
 



→  FOUNDATIONS: UP-DOWN CONSTRUCTION 

 
 

 
 



→  FOUNDATIONS: ECONOMY RULES  
     ’DESIGN THRESHOLDS’ 

 ● BUILDING LOAD COMPATIBILITY ↔ SOIL QUALITY 
   (FOUNDATION COSTS: SHALLOW OR DEEP) 

● BUILDING BELOW/ABOVE WATERTABLE 
   (DEWATERING PROCESS, RISK OF LEAKS,…) 
 
 ● BUILDING VICINITY TO EXISTING STRUCTURE 
   (EXCAVATION METHOD, UNDERPINNING, RISKS OF DAMAGES) 
 
 ● BUILDING DEPTH ↔ NEIGHBOR BASEMENT DEPTH 
    (EXCAVATION METHOD, UNDERPINNING, RISKS OF DAMAGES) 
 



→  FOUNDATIONS: RESPONSIBLE FOR LONG LIFE CYCLE 



→  FOUNDATIONS: RESPONSIBLE FOR LONG LIFE CYCLE 
 
 



→  FOUNDATIONS: RESPONSIBLE FOR LONG LIFE CYCLE 
 
 



→  FOUNDATIONS: RESPONSIBLE FOR LONG LIFE CYCLE 
 
 



→  FOUNDATIONS: RESPONSIBLE FOR LONG LIFE CYCLE 



→  FOUNDATIONS: RESPONSIBLE FOR LONG LIFE CYCLE 
 
 

 
 
 
 

 
 

KNOW HOW! 


