
UNIT-III
O O SFOUNDATIONS



FOUNDATION- DEFINITIONFOUNDATION DEFINITION

IT IS THE LOWEST PART OF A STRUCTURE
WHICH PROVIDES A BASE FOR THE SUPERWHICH PROVIDES A BASE FOR THE SUPER-
STRUCTURE PROPER. THIS TERM INCLUDES
THE PORTION OF THE STRUCTURE BELOW THE
GROUND LEVEL FOUNDATION TRANSMITS THEGROUND LEVEL. FOUNDATION TRANSMITS THE
LOAD OF THE SUPER-STRUCTURE TO THE SOIL
BELOW.



FOUNDATION- PURPOSEFOUNDATION PURPOSE

1. TO DISTRIBUTE THE WEIGHT OF THE1. TO DISTRIBUTE THE WEIGHT OF THE
STRUCTURE OVER LARGE AREA SO AS
TO AVOID OVERLOADING OF THE SOIL
BENEATHBENEATH.

2. TO LOAD THE SUB-STRATUM EVENLY
AND THUS PREVENT UNEQUALAND THUS PREVENT UNEQUAL
SETTLEMENT.

3 TO PROVIDE A LEVEL SURFACE FOR3. TO PROVIDE A LEVEL SURFACE FOR
BUILDING OPERATIONS.

4 TO TAKE THE STRUCTURE DEEP INTO4. TO TAKE THE STRUCTURE DEEP INTO
THE GROUND AND THUS INCREASE ITS
STABILITY, PREVENTING OVERTURNING.



SUB-SURFACE INVESTIGATIONSSUB SURFACE INVESTIGATIONS

SUB-SURFACE INVESTIGATIONS ARE
DONE TO GATHER ADEQUATE
INFORMATION REGARDING THE TYPE
AND NATURE OF SOIL AVAILABLE AT
DIFFERENT DEPTHS FOR SAFE DESIGN,
SOUND AND ECONOMICAL FOUNDATION
FOR A STRUCTURE.



SUB-SURFACE INVESTIGATIONS- PURPOSESUB SURFACE INVESTIGATIONS PURPOSE

TO COLLECT COMPLETE DETAILS OF THE SITE TO ENABLE
DESIGNER TO TAKE FOLLOWING DECISIONS:DESIGNER TO TAKE FOLLOWING DECISIONS:-

1. TO FIX THE VALUE OF SAFE BEARING CAPACITY OF SOIL.
2. TO SELECT AN ECONOMICAL YET SAFE TYPE OF

FOUNDATIONFOUNDATION
3. TO FIX THE DEPTH UPTO WHICH THE FOUNDATION MUST

BE TAKEN INSIDE THE GROUND.
4 TO PREDICT THE LIKELY SETTLEMENT OF THE SELECTED4. TO PREDICT THE LIKELY SETTLEMENT OF THE SELECTED

FOUNDATION AND TO MAKE ALLOWANCE FOR THE SAME
IN THE DESIGN.

5. TO KNOW THE UNDERGROUND WATER LEVEL AND IF
NEEDED TO DECIDE UPON THE METHOD TO BE ADOPTEDNEEDED, TO DECIDE UPON THE METHOD TO BE ADOPTED
TO SOLVE THE GROUND WATER PROBLEM.

6. TO FORECAST THE DIFFICULTIES WHICH ARE LIKELY TO
BE ENCOUNTERED DUE TO NATURE OF THE SUB SOILBE ENCOUNTERED DUE TO NATURE OF THE SUB-SOIL
DURING CONSTRUCTION AND TO TAKE ADVANCE
ACTIONS IN THIS REGARD.



METHODS OF SUB-SURFACE INVESTIGATIONSMETHODS OF SUB SURFACE INVESTIGATIONS

1. TEST PITS-
THESE ARE USED ONLY FOR STRUCTURES HAVINGTHESE ARE USED ONLY FOR STRUCTURES HAVING
SHALLOW FOUNDATIONS (<3m)
THESE ARE NORMALLY SQUARE IN PLAN AND ARE DUG BY
HAND OR EXCAVATING EQUIPMENTHAND OR EXCAVATING EQUIPMENT.

2. PROBING-
A STEEL BAR 25 TO 40mm IN DIA WITH A POINTED END IS
DRIVEN IN THE GROUND UNTIL A HARD SUB-STRATUM ISDRIVEN IN THE GROUND UNTIL A HARD SUB STRATUM IS
REACHED.
THE BAR IS DRIVEN BY VERTICAL FALL UNDER ITS OWN
WEIGHT OR BY DROP HAMMER.
AT INTERVALS THE BAR IS TAKEN OUT AND THE TYPE OF
SOIL AT REGULAR DEPTH INTERVAL IS OBSERVED BY
EXAMINING THE NATURE OF SOIL STICKING TO IT.
A ROUGH IDEA OF THE STRENGTH OF THE SOIL ISA ROUGH IDEA OF THE STRENGTH OF THE SOIL IS
OBTAINED BY THE NUMBER OF BLOWS REQUIRED TO
DRIVE THE ROD INSIDE THE GROUND.



METHODS OF SUB-SURFACE INVESTIGATIONS 
CONTD…
3. SUB-SURFACE SOUNDINGS-

IT CONSISTS OF MEASURING THE RESISTANCE OFFEREDIT CONSISTS OF MEASURING THE RESISTANCE OFFERED
BY THE SOIL WITH THE DEPTH BY MEANS OF A TOOL
KNOWN AS PENETROMETER
THE PENETROMETER CONSISTS OF A 50mm DIA MILD
STEEL CONE FITTED LOOSELY TO A STEEL ROD OR IT MAY
BE A TOOL KNOWN AS STANDARD SPLIT SPOON SAMPLER.
THE SAMPLER CAN BE SPLIT INTO TWO PARTS
LONGITUDINALLY FOR REMOVAL OF THE SOIL SAMPLELONGITUDINALLY FOR REMOVAL OF THE SOIL SAMPLE
WHICH GET FILLED UP IN ITS TUBE WHEN IT IS DRIVEN IN
THE GROUND.
THE PENETROMETER IS DRIVEN IN THE GROUND WITHTHE PENETROMETER IS DRIVEN IN THE GROUND WITH
THE HELP OF BLOWS FROM A 650N WEIGHT FALLING FROM
A HEIGHT OF 750mm.
THE NUMBER OF BLOWS REQUIRED TO DRIVE
PENETROMETER INTO THE GROUND THROUGH APENETROMETER INTO THE GROUND THROUGH A
DISTANCE OF 300mm IS TERMED AS STANDARD
PENETRATION RESISTANCE OR SPT OF THE SOIL(N).
THE N VALUE IS CO-RELATED WITH THE ENGG



METHODS OF SUB-SURFACE INVESTIGATIONS 
CONTD…

4. BORING-
(i) AUGUR BORING- USED UPTO 15m MAX DEPTH
FOR EXAMINATION OF THE SUB-SOIL CONDITIONS
FOR ORDINARY BUILDINGS TO BE CONSTRUCTED
IN CLAYEY AND SANDY SOIL. THIS METHOD IS NOT
ADOPTED WHERE THE GROUND CONSISTS OF
GRAVELS OR COMPACT MATERIAL.
(ii) SHELL AND AUGUR BORING- USED UPTO 25m
DEPTH WITH HAND RIG AND 50m WITH
MECHANICAL RIG DIFFERENT TYPES OF TOOLSMECHANICAL RIG. DIFFERENT TYPES OF TOOLS
ARE ADOPTED FOR DIFFERENT TYPES OF SUB-
SOIL. FOR SOFT TO STIFF CLAY, CYLINDRICAL
AUGUR WITH HOLOW TUBE WITH A CUTTINGAUGUR WITH HOLOW TUBE WITH A CUTTING
EDGE AT BOTTOM IS USED. FOR STIFF TO HARD
CLAY, SHELLS WITH CUTTING EDGE AT LOWER
END IS USED IN SANDY SOIL PUMPS ARE USED



METHODS OF SUB-SURFACE INVESTIGATIONS 
CONTD…

(iii) WASH BORING- ADOPTED FOR SOFT TO STIFF
COHESIVE SOIL AND FINE SAND. A HOLLOW STEEL
CASING PIPE IS DRIVEN INTO THE GROUND.THENC S G S O G OU
A WASH PIPE WHICH IS SHORTER IN DIA IS
LOWERED INTO CASING PIPE. THE UPPER END OF
WASH PIPE IS CONNECTED TO WATER SUPPLYWASH PIPE IS CONNECTED TO WATER SUPPLY
SYSTEM AND LOWER END IS CONTRACTED SO AS
TO PRODUCE JET ACTION.THE HYDRAULIC
PRESSURE DISPLACES THE SOIL IMMEDIATELYPRESSURE DISPLACES THE SOIL IMMEDIATELY
BELOW THE PIPE AND SLURRY IS FORCED UP
THROUGH THE ANNULAR SPACE BETWEEN THE
TWO PIPES. THE CHANGE OF STRATIFICATION ISTWO PIPES. THE CHANGE OF STRATIFICATION IS
GUESSED BY THE RATE OF PROGRESS OF
DRIVING THE CASING PIPE AS WELL AS THE
COLOUR OF SLURRY FLOWING OUT.



METHODS OF SUB-SURFACE INVESTIGATIONS 
CONTD…

(iv) PERCUSSION BORING- THIS METHOD IS
ADOPTED IN ROCKS AND SOILS HAVINGADOPTED IN ROCKS AND SOILS HAVING
BOULDERS. THIS METHOD CONSISTS OF
BREAKING OF SUB-STRATA BY REPEATED BLOWS
FROM A BIT OR CHISEL THE MATERIAL ISFROM A BIT OR CHISEL. THE MATERIAL IS
CONVERTED INTO SLURRY BY POURING WATER
IN THE BORE. AT INTERVALS THE SLURRY IS
TAKEN OUT AND DRIED FOR EXAMINATIONTAKEN OUT AND DRIED FOR EXAMINATION.
(v) ROTARY DRILLING- THIS METHOD IS USED
WHEN ROCKS OR HARD STRATA ARE TO BEWHEN ROCKS OR HARD STRATA ARE TO BE
PENETRATED. CORE DRILLING IS DONE. THE
CUTTING BIT (OF DIAMOND) AT THE BASE OF
HOLLOW STEEL TUBE CUTS A CYLINDRICAL COREHOLLOW STEEL TUBE CUTS A CYLINDRICAL CORE
OF THE MATERIAL IN THE HOLLOW TUBE AS THE
TUBE IS ROTATED.



METHODS OF SUB-SURFACE INVESTIGATIONS 
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5. GEO-PHYSICAL METHODS- THIS
METHOD IS USED WHEN SOIL EXPLORATION
IS TO BE CARRIED OUT IN LARGE AREA WITH
GREAT SPEED. THESE METHODS ARE BASED
ON PRINCIPLE THAT PHYSICAL PROPERTIESON PRINCIPLE THAT PHYSICAL PROPERTIES
LIKE ELECTRICAL CONDUCTIVITY,
ELASTICITY OR SEISMICITY, MAGNETICELASTICITY OR SEISMICITY, MAGNETIC
SUSCEPTIBILITY, DENSITY ETC. VARY FOR
DIFFERENT TYPES OF SOILS. OF ALL GEO-
PHYSICAL METHODS SEISMIC REFRACTIONPHYSICAL METHODS, SEISMIC REFRACTION
AND ELECTRICAL RESISTIVITY METHODS
ARE WIDELY USED



METHODS OF SUB-SURFACE INVESTIGATIONS 
CONTD…

(i) SEISMIC METHOD-( ) S S C O
THIS METHOD IS BASED ON THE PRINCIPAL THAT
SOUND WAVES TRAVEL FASTER IN ROCK THAN IN
SOIL.SOIL.
SHOCK WAVES ARE CREATED INTO THE SOIL AT
GROUND LEVEL EITHER BY STRIKING A PLATE ON
THE SOIL WITH THE HAMMER.THE SOIL WITH THE HAMMER.
THE SHOCK WAVES SO PRODUCED TRAVEL DOWN
IN THE SUB-SOIL STRATA AND GET REFRACTED
AFTER STRIKING A HARD ROCK SURFACE BELOW.AFTER STRIKING A HARD ROCK SURFACE BELOW.
THE REFRACTED SHOCK WAVES ARE SENSED BY
VIBRATION DETECTOR (GEOPHONE) WHERE THE
TIME OF TRAVEL OF SHOCK WAVE GETSTIME OF TRAVEL OF SHOCK WAVE GETS
RECORDED.
TIME AND DISTANCE GRAPHS ARE DRAWN AND
DEPTH OF VARIOUS STRATA IN THE SUB-SOIL IS
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TYPES OF FOUNDATIONSTYPES OF FOUNDATIONS
FOUNDATIONS CAN BE BROADLY CLASSIFIED INTO TWO TYPES:
(a) SHALLOW FOUNDATION- FOUNDATION IS PLACED

IMMEDIATELY BENEATH THE LOWEST PART OF THE SUPERIMMEDIATELY BENEATH THE LOWEST PART OF THE SUPER-
STRUCTURE. THE OBJECT IS TO DISTRIBUTE THE STRUCTURAL
LOADS OVER A WIDE HORIZONTAL AREA AT SHALLOW DEPTH
BELOW THE GROUND LEVEL. THE VARIOUS TYPES OF
SHALLOW FOUNDATIONS ARE:SHALLOW FOUNDATIONS ARE:

(i) SPREAD FOOTINGS
(ii) GRILLAGE FOUNDATION
(iii) ECCENTRICALLY- LOADED FOOTINGS(iii) ECCENTRICALLY LOADED FOOTINGS
(iv) COMBINED FOOTINGS
(v) MAT OR RAFT FOUNDATION
(b) DEEP FOUNDATION- IN CASE THE STRATA OF GOOD BEARING( )
CAPACITY IS NOT AVAILABLE NEAR THE GROUND, THE FOUNDATION
OF THE STRUCTURE HAS TO BE MADE DEEP WITH THE PURPOSE
OF ATTAINING A BEARING STRATUM WHICH IS SUITABLE IN ALL
RESPECTS. THE COMMON TYPES OF CONSTRUCTIONS PERTAINING
TO DEEP FOUNDATIONS ARE:
(i) PILES
(ii) COFFERDAMS

CAISSONS



DESIGN OF MASONRY WALL FOUNDATIONDESIGN OF MASONRY WALL FOUNDATION

THE DESIGN CONSISTS OF CALCULATION 
OF
(a) THE DEPTH OF THE FOUNDATION 

BELOW THE GROUND LEVELBELOW THE GROUND LEVEL.
(b) THE DEPTH OF CONCRETE BED BLOCK.

THE WIDTH OF THE FOOTING(c) THE WIDTH OF THE FOOTING.



CALCULATION OF DEPTH OF THE FOUNDATIONCALCULATION OF DEPTH OF THE FOUNDATION



CALCULATION OF THE DEPTH OF CONCRETE 
BLOCK



MODULUS OF RUPTURE OF VARIOUS GRADES OF 
CONCRETE MIX

S.NO TYPE OF CONCRETE mr IN N/mm2

1. PURE LIME AND SURKHI CONCRETE
( 1 MORTAR : 3 STONE BALLAST)

0.155

2. MODERATELY HYDRAULIC LIME AND SAND 
CONCRETE

0.155
CONCRETE
(1 MORTAR : 3 STONE BALLAST)

3. 1: 4: 8 PLAIN CEMENT CONCRETE 0.246
4. 1: 3: 6 PLAIN CEMENT CONCRETE (M 10) 0.352
5. 1: 2: 4 PLAIN CEMENT CONCRETE (M 15) 0.527



CALCULATION OF WIDTH OF FOOTINGCALCULATION OF WIDTH OF FOOTING



EXAMPLE ON DESIGN OF MASONRY WALL
FOUNDATION

Q DESIGN THE FOUNDATION OF THE END WALLS OF AQ. DESIGN THE FOUNDATION OF THE END WALLS OF A
RESIDENTIAL BUILDING THREE STOREY HIGH. THE
FOUNDATION IS TO REST ON SANDY SOIL HAVING
ANGLE OF REPOSE OF 30° AND SAFE BEARINGANGLE OF REPOSE OF 30 AND SAFE BEARING
CAPACITY OF 160 KN/m2. THE SOIL WEIGHS 16.8 KN/m3.
THE WALLS ARE 300 mm THICK AND 13.5m HIGH
ABOVE GROUND LEVEL ( THIS INCLUDES THE HEIGHT(
OF PARAPET WALL). THE ROOF CONSISTS OF 150mm
THICK R.C.C SLAB FINISHED WITH 100mm THICK LIME
CONCRETE TERRACING. THE FLOORS CONSISTS OF
120 THICK R C C SLABS FINISHED WITH 25120mm THICK R.C.C. SLABS FINISHED WITH 25mm
THICK TERRAZZO FLOORING. THE MAXIMUM SPAN OF
THE R.C.C SLAB FOR THE ROOF OR FLOOR BETWEEN
THE END WALLS AND THE WALL NEXT TO THE ENDTHE END WALLS AND THE WALL NEXT TO THE END
WALL IS 4 METRES. THE LIVE LOAD OVER THE ROOF
SLAB AND FLOOR SLAB MAY BE TAKEN AS 1500 N/m2

AND 2000 N/m2 RESPECTIVELY


