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UNIT I - SITE INVESTIGATION AND SELECTION OF FOUNDATION 

Scope and objectives – Methods of exploration - Depth and spacing of bore holes – Soil samples – 

Sampling methods – Penetration test – Data interpretation – Strength parameters - Bore log report- 

Selection of foundation based on soil condition. 

PARTA 

 

Q. No. 

 

QUESTIONS 

BT 

LEVEL 

 

COMPETENC

E 

1. Recall the various methods of soil exploration techniques. BT-1 Remembering 

2. Identify why corrections are applied to SPTN-value. BT-2 Understanding 

3. Define depth of exploration. BT-1 Remembering 

4. State the merits and demerits of wash boring. BT-1 Remembering 

5. List the different objectives of site investigation. BT-1 Remembering 

6. Define Augerboring. BT-1 Remembering 

7. Relate to decide the considerations made while deciding on the depth 

of exploration. 
BT-3 

Applying 

8. List the various types of boring. BT-1 Remembering 

9. Describe about standard penetration number. BT-2 Understanding 

10. Examine the disadvantages of wash boring. BT-2 Understanding 

11. Summarize the functions of drilling mud. BT-2 Understanding 

12. Summarize on the data interpretation made from soil exploration. BT-2 Understanding 

13. Compare thick wall and thin walled sampler. BT-2 Understanding 

14. Build points on the different types of samplers. BT-3 Applying 

15. Identify the various parameters affecting the sampling disturbance. BT-3 Applying 

16. Develop points on the advantages of SCPT over SPT. BT-3 Applying 

17. Explain about recovery ratio of a sample. BT-1 Remembering 

18. Compare about disturbed & un-disturbed samples. BT-2 Understanding 

19. Interpret the factors on deciding the depth of soil exploration. BT-3 Applying 

20. List the uses of Bore log report. BT-2 Understanding 

21. List the limitations of static cone penetration test. BT-2 Understanding 

22. Compare representative and non-representative samples. BT-2 Understanding 

23. Explain about area ratio and give the acceptable range of area ratios for 

soft and stiff soils. BT-3 
Applying 



24. The internal 

diameterofasampleris50mmandtheexternaldiameteris52mm.Discussthe

sampleobtainedfromthesamplerisdisturbed or undisturbed. 
BT-2 

Understanding 

25. Discuss about dilatancy correction of soils. BT-2 Understanding 

PART B 

1. A 70 storey building has an imprint of 35mx 25 m and will be 

supported on a mat foundation located at a depth of 10m. How many 

boring would you propose and to what depth? Where would you place 

the boring on the building plan view? 

 

BT-4 

 

Analyzing 

2. Demonstrate are the various factors affecting quality of samples. 

Explain the various types of samples. 
BT-3 Applying 

3. Explain the salient features of a good sub-soil investigation. BT-4 Analyzing 

4. Infer on any two methods of site exploration and explain its 

procedure in detail. 
BT-4 Analyzing 

5. Outline about the various types of boring with neat sketches. BT-2 Understanding 

6. Illustrate with neat sketch about the electrical conductivity method of 

soil exploration. 
BT-3 Applying 

7. Summarize about 

(i) Borelog (4) 

(ii) Geophysical methods of soil exploration (8) 

(iii) Factors deciding number and depth of boreholes. (4) 

 

BT-2 

 

Understanding 

8. Build up points on various requirements to be met in order to 

achieve undisturbed samples in non-cohesive and cohesive soil. 
BT-4 Analyzing 

9. When is the field static cone penetration test is applied and 

explain the same in detail. 
BT-4 Analyzing 

10. Describe the principle and procedure for conducting sub soil 

exploration study using seismic refraction method. 
BT-3 Applying 

11. Explain in detail the standard penetration test. Examine also the 

corrections to be applied on the observed SPT ‘N’ Value. 
BT-4 Analyzing 

12. Explain wash boring method of advancing borehole with a neat sketch 

and highlight the limitations of the method. 
BT-4 Analyzing 

13. 
(i) Explain the arrangements and operations of stationary piston 

sampler. State its advantage over other samplers. (9) 

(ii) Write short notes on rotary samplers. (4) 

 

BT-2 

 

Understanding 

 



14. (i) Determine the area ratio for the following soil samplers and 

comment on the nature of the samples obtained in each of the 

samplers.(7) 
Sl. 
No. 

Sampler 

Type 

Outer 

Diameter 
(mm) 

Inner 

Diameter 
(mm) 

1. Corecutter 165 150 

2. Split barrel 51 35 

3. Shelby 51 48 

(ii) Explain the inside clearance and outside clearance for 

samplers.(6) 

 

 

 

 

 

BT-5 

 

 

 

 

 

Evaluating 

15. Explain the static cone penetration test procedure and listout its 

limitations. 
BT-4 Analyzing 

16. 
Explain the salient features of a bore log report. BT-4 Analyzing 

17. (i) The field N value in a deposit of fully submerged fine sand was 

40 at a depth of 6m. The average saturated unit weight of the soil is 

19 kN/m3. Calculate the corrected N value as per IS: 2131-1981.(8) 

(ii) Develop points on the precautionary measures in the 

execution of SPT. (5) 

 

 

BT-5 

 

 

Evaluating 

18 Infer on the corrections made on SPT ‘N’ values recorded in sand at 

different depths for overburden and submergence. How are these 

corrections applied? 

 

BT-4 

 

Analyzing 

19 Distinguish between non-representative, representative and 

undisturbed samples and name the various laboratory tests that 

could be conducted in each of these samples. 

 

BT-4 

 

Analyzing 

20 
Summarize on any two methods of indirect soil exploration 

technique sand explain its procedure with neat sketch. 

 

  BT-5 

 

Evaluating 

21 Explain about 

(i) Selection of Foundation based on soil condition.(5) 

(ii) Data interpretations from a boglog.(5) 

(iii) Uses of soil exploration.(5) 

BT-4 
 

Analyzing 

22 (i) Recommend on the consideration and guidelines to be 

followed while deciding the depth and spacing of boring. (8) 

(ii) Prepare a borelog of your own with all salient features 

incorporated (7) 

 

BT-5 

 

Evaluating 

 



UNITII -BEARING CAPACITY AND SETTLEMENT 

Location and depth of foundation – Codal provisions – Bearing capacity of shallow foundation on 

homogeneous deposits – Factors affecting bearing capacity – Bearing capacity determination – 

Determination of Settlement of foundations on granular and clay deposits – Total and differential settlement 

– Seismic considerations in bearing capacity evaluation - Codal provision. 

PARTA 

Q.No. QUESTIONS 
BT 

LEVE
L 

 

COMPETEN

CE 

1. Differentiate between local shear failure and general shear failure. BT-2 Understanding 

2. Define the term Settlement. BT-1 Remembering 

3. Distinguish between uniform settlement and differential settlement. BT-2 Understanding 

4. Discuss about secondary compression settlement. BT-2 Understanding 

5. Write the procedure of indeffective dimension of an eccentrically 
loaded footing. 

BT-3 Applying 

6. Differentiate between primary consolidation and secondary 

consolidation. 
BT-2 Understanding 

7. In what way the punching shear failure differs from general shear 
failure. 

BT-3 Applying 

8. Compare shallow foundation with deep foundation. BT-2 Understanding 

9. Summarize safe bearing capacity and allowable bearing capacity. BT-2 Understanding 

10. Classify the components of settlement. BT-2 Understanding 

11. Distinguish between gross bearing capacity and net bearing capacity. BT-2 Understanding 

12. Illustrate the load settlement characteristics of different shear failure 
modes. 

BT-3 Applying 

13. Describe the different modes of shear failure. BT-2 Understanding 

14. Construct the equation to obtain immediate settlement and 
consolidation settlement. 

BT-3 Applying 

15. Identify the limitations of plate load test. BT-1 Remembering 

16. List the factors considered in seismic design of shallow foundation. BT-1 Remembering 

17. Compare immediate settlement and consolidation settlement. BT-2 Understanding 

18. List the factors affecting Bearing capacity. BT-1 Remembering 

19. Interpret the requirements of good foundation. BT-3 Applying 

20. Produce the assumptions made in Terzaghi’s bearing capacity 
analysis. 

BT-3 Applying 

21. Formulate the Terzaghi’s equation. BT-1 Remembering 

22. Discuss on the limitations made in Terzaghi’s bearing capacity 
analysis. 

BT-1 Remembering 

 



23. Determine the immediate settlement under the foundation of 

dimension 12mx24m that exerts a pressure of 150kN/m in sand. 

The value of E for sand is 60x103 kN/m2. Take Is=1 and Poisson’s 

ratio as 0.5. 

 

 

BT-5 

 

 

Evaluating 

24. Discuss the factors to be considered while designing the foundation. 
BT-2 Understanding 

25. Estimate the effect of water table on the bearing capacity of soil 

when located at the ground level itself. 
BT-5 Evaluating 

PARTB 

1. 
A square footing 2.5 m by 2.5 m is built in a homogeneous bed 

ofsandofunitweight20kN/m3andhavinganangleofshearingresistance 

of 360. The depth of the base of footing is 1.5 m below the ground 

surface. Find the safe load that can be carried by a 

footingwithafactorofsafetyof3againstcompleteshearfailure.Use 

Terzaghi’s analysis. 

 

 

 

BT-5 

 

 

 

Evaluating 

2. 
AnR.C.Columnfooting2.26minsquareshapeistorest1.5mbelowlevelgro

undlevelisoncohesivesoil.Theunitweightis17.6kN/m3. What is the safe 

load if cohesion is 30kN/m3 Factor ofsafety2.4? Angle of internal 

friction 33° by IS code. 

 

 

BT-5 

 

 

Evaluating 

3. 
IllustratetheelasticandplasticequilibriumzonesaccordingtoTerzaghi’sbe

aringcapacityanalysis.Also,relatetheforcesacting 

during the verge of failure. 

 

BT-3 

 

Applying 

4. 
The load settlement curve data from a plate load test on a sandy soil 

areas under: 

 

 

 

The size of the plate used was 0.3mx0.3m. Find the size of the square 

column footing to carry an et load of 250t with a maximum 

Settlement of 25mm. 

 

 

 

 

BT-4 

 

 

 

 

Analyzing 

5. 
A square footing located at a depth of 1.5 m below the ground surface 

in Cohesion less soil carries a column load of 1280 kN. The soil is 

submerged having an effective unit weight of 11.5 kN/m3 and an 

angle of shearing resistance of 300. Show and find the size of the 

footing for Fs=3byTerzaghi’stheoryof general shear failure. 

 

 

 

BT-3 

 

 

 

Applying 

 

Load, t/m2 10 20 30 40 50 60 70 80 

Settlement,mm 4.5 10 15.5 22 29 38.5 50 64 

 



6. 
Ina plate bearing test on pure clayey soil failure occurred at a load of 

12.2 tonnes. The size of the plate was 45 cm x 45 cm and the 

testwasoneatadepthof1.0m below ground level.  Calculate the 

ultimate bearing capacity for a 1.5 m wide continuous wall 

footingwithitsbaseatadepthof2mbelowgroundlevel.Theunitwt.of 

clay may be taken as1.9gm/ c.c. and Nc=5.7, Nq =1 and Nγ=0. 

 

 

 

BT-5 

 

 

 

Evaluating 

7. 
A plate load test was conducted with a 30cm square plate at a depth 

of 1.2m below the ground level, in a cohesive soil having Ф = 0. 

The failure was observed at a load of 36 kN. The water table was 

observed to be at a depth of 4.7 m below ground surface. Compute 

the ultimate bearing capacity for a strip footing, 1m wide with its 

base located at the same level as the test plate, and in 

thesamesoil.Takethebulkunitweightofthesoilas16.8kN/m3. 

Also, calculate the safe bearing capacity of factor at a safety of 3. 

 

 

 

 

 

BT-4 

 

 

 

 

 

Analyzing 

8. 
Calculate the safe bearing capacity per unit area of 

 

(i) a strip footing 1 m wide (4) 

 

(ii) a square footing 3m x3m (3) 

 

(iii) a circular footing of 3m diameter. (3) 

 

(iv) a rectangular footingof1.3x2.2 m. (3) 

 

Unitweight of the soil 1.8t/m3, cohesion=2t/m2 and Ф=200, Nc=17.5, 

Nq=7.5 and Nγ=5. Depth of footing is 1.6m below ground 

surface. 

 

 

 

 

 

 

BT-3 

 

 

 

 

 

 

Applying 

9. A strip footing 2m wide carries a load intensity of 400 kN/m2 at 

adepthof1.2minsand.Thesaturatedunitweightofsandis19.5kN/m3 and 

unit weight above water table is 16.8 kN/m3. The shear strength 

parameters are C=0 and Ф = 350. Determine the factor of safety with 

respect to shear failure for the following cases of location of water 

table : 

(a) Water table is 4m below G.L 

(b) Water table is 1.2 m below G.L 

(c) Water table is 2.5m below G.L 

(d) Water table is 0.5 m below G.L 

(e) Water table is G.L itself 

 

 

 

 

 

 

 

BT-3 

 

 

 

 

 

 

 

Applying 

 



10. 
A strip footing is to carry a load of 750kN/m at a depth of 1.6m in a 

cohesive soil having unit weight of 18kN/ m3& C=20kN/ m2 and 

angleofinternalfrictionis25degree.Determinethewidthoffooting,using 

F.O.Sas3.UseTerzhagi’sequations.Nc=25.1,Nq=12.7andNγ= 

9.7 

 

 

 

BT-3 

 

 

 

Applying 

11. 
Discuss about the Plate load test for determining the bearing 

capacity of foundation and infer on the estimation of the settlement 

of a footing on sand using the results of a plate load test. 

 

 

BT-4 

 

 

Analyzing 

12. 
(i) An RCC foundation of size 18m x 36m have a uniform pressure of 

180kN/m2 on a soil mass with modulus of elasticity 45kN/m2. 

Determine the immediate settlement of the foundation. Assume 

poisons ratio as 0.5.(5) 

(ii) Explain in detail the characteristics of immediate settlement and 

consolidation settlement. (8) 

 

 

 

 

BT-4 

 

 

 

 

Analyzing 

13. 
Explain the following modes of shear failure, 

(i) General shear failure (4) 

(ii) Local shear failure (4) 

(iii) Punching shear  failure (5) 

 

 

BT-4 

 

 

Analyzing 

14. 
(i)Arectangularfooting3mx2mexertsapressureof100kN/m2ona 

cohesive soil Es= 5x104 kN/m2 and µ = 0.5. Estimate the immediate 

settlement at the centre, assuming 

(a) the footing is flexible (5) 

 

(b) the footing is rigid (5) 

(ii) Write about influence of water table in determination of bearing 

capacity. (3) 

 

 

 

 

 

BT-5 

 

 

 

 

 

Evaluating 

15. 
Explaintheproceduretointerpretthebearingcapacityfromstandardpenetra

tiontest and static cone penetration test? 

 

BT-3 

 

Applying 

 



16. 
The following data was obtained from a plate load test carried out on 

a60 cm square test plate at a depth of 2 m below ground surface on a 

sandy soil which extends upto a large depth. Determine the settlement 

of a foundation 3.0m x3.0m carrying a load of 110tand 220t, located 

at a depth of 3mbelow the ground surface. 

 

 

 

 

 

BT-3 

 

 

 

 

 

Applying 

Load intensity, t/m2 5 10 15 20 25 30 35 40 
 

Settlement, mm 2.0 4.0 7.5 11 16.3 23.5 34 45 

 

17. 
(i) Evaluate the effect of water table on bearing capacity of soil. (7) 

 

(ii) Determine the depth at which a circular footing of 2 m diameter be 

founded to provide a factor of safety of 3, if it has to carry a safe 

loadof1600kN.Thefoundationsoilhasc=10kN/m2,ϕ=30˚andunit weight 

=18kN/m3.UseTerzaghi’sanalysis.(8) 

 

 

 

BT-5 

 

 

 

Evaluating 

18 
(i) In the field, a soft normally consolidated clay layer exists for a 

thickness of 20m. The natural water content, specific gravity of 

solids and the liquid limit of the clay are 40%, 2.7 and 60% 

respectively. The ground water table is at the surface and the 

saturated unit weight is 19.80 kN/m3. The vertical stress 

incrementatthecenteroftheclaylayerduetothefoundationloadis10kN/

m2. Estimate the settlement of the foundation. (10) 

ii)Explain the factors governing the location and depth of 

foundation.(5) 

 

 

 

 

 

 

BT-1 

 

 

 

 

 

 

Remembering 

19 Explain Terzaghi’s analysis of bearing capacity of soil in general 

shear failure with assumptions. 
BT-2 Understanding 

20 (i)Afootingof3mx3mistobeconstructedatasiteatadepthof 

1.5 m below ground level. The water table is at the base level of 

foundation. The average static cone penetration resistance obtained 

at the site is 20 kg/m2. The soil is cohesive determine the safe 

bearing capacity for asettlement of 40 mm.(7) 

(ii) Infer on the IS code method of computing bearing capacity of 

soil. (8) 

 

 

 

 

BT-5 

 

 

 

 

Evaluating 

21 A footing 2m square, rests on a soft clay soil with its base at a depth of 

1.5 m from ground surface. The clay stratum is 3.5 m thick and is 

underlain by a firm sand stratum. The clay soil has LL=30%, 

 

 

 

 

 

 

 

 

 

 



G=2.7,water content at saturation=40%,cohesion=0.5kg/cm2(Ф=0).Itis 

known that the clay stratum is normally consolidated. Compute 

thesettlementthatwouldresultiftheloadintensityisequaltosafebearing 

capacity of soil was allowed to act on the footing. Natural water table 

is quite close to the ground surface. For given conditions,bearing 

capacity factor(Nc)isobtainedas6.9.Takefactorofsafety as 

3.Assumeloadspreadof 2(vertical)to1(horizontal). 

 

BT-6 

 

Creating 

22 Explainindetailtheloadsettlementcurvesobtainedbyplateloadtestforvari

oustypes of soil. Also, list out the limitations of plate load test. 

 

BT-4 

 

Analyzing 

 

 

UNITIII -SHALLOW FOUNDATION 

Types of Isolated footing, Combined footing, Mat foundation – Contact pressure and settlement 

distribution – Proportioning of foundations for conventional rigid behaviour - Applications – Codal 

provision. 

PART– A 

1. Wherecan bethe raftormat foundationadopted? BT-1 Remembering 

2. Whatistheconditionforselectingthe criticalsectiontocheckdiagonal 

shearandpunchingshear of aspread(or) isolatedfooting? 

 

BT-2 

 

Understanding 

3. Discusson thereductionofdifferential settlements byadoptingmat 

foundation. 

 

BT-2 
 

Understanding 

4. Recalloncantileverfooting. BT-1 Remembering 

5. Underwhichcircumstancesraftfoundationispreferred? BT-2 Understanding 

6. Whatdoyou mean bybuoyancyraft foundation? BT-1 Remembering 

7. Furnishthesituationunderwhichcombinedfootingswillbeadopted. BT-2 Understanding 

8. Statetherequirementof agoodfoundation. BT-1 Remembering 

9. Differentiaterigidand elasticfoundation. BT-2 Understanding 

10. Basedonfunction anddesign,classifytypesofvarious footingsadopted. BT-2 Understanding 

11. Comparestripfootingandstrapfooting. BT-2 Understanding 

12. Describeaboutfloatingfoundation. BT-1 Remembering 

13. Identifytheseismicforce anditsconsiderationonfootings. BT-3 Applying 

14. Illustratetheprinciplebehindfloatingfoundation. BT-3 Applying 

15. Summarizethe conceptof contactpressuredistribution. BT-3 Applying 

16. Sketchthecriticalregionofeccentricity. BT-5 Evaluating 

17. Whataretheadvantages ofcombinedfooting. BT-4 Analysing 

18. Inferthesituation forwhichstrap footingispreferred. BT-2 Understanding 



19. Drawthepressuredistribution diagramof atrapezoidal footingalongwith 

proportioning. 

 

BT-3 

 

Applying 

20. Mentiontheassumptionsmadeintheconventionalmethodofdesignof raft 

foundation. 

 

BT-1 

 

Remembering 

21. Explainthe concept of bulbof pressurein footings. BT-1 Remembering 

22. Assesstheconditionforselectingthecriticalsection forbendingmoment 

ofaspread orisolatedfooting. 

 

BT-5 
 

Evaluating 

23. Drawthe contactpressuredistributiondiagram belowrigidfootingresting on 
clayand sand. 

BT-2 Understanding 

24. Listoutthetypesofmatfoundation. BT-1 Remembering 

25. DiscusstheneedforRectangularortrapezoidalfootings. BT-2 Understanding 

PART–B 

1. Showthestep bystep procedureof proportioning oftrapezoidal combined 

footingwith neat sketch. 

 

BT-

3 

 

Applying 

2. Prepareshort notes on thefollowing 

(i) Seismicconsiderationsinfoundationdesign (6) 

(ii) Designprocedureofstripfooting. (7) 

 

BT-3 

 

Applying 

3. Explaintheprocedureforthedesignofspreadorisolated footings. BT-2 Understanding 

4. Showtheprocedureforproportioningand  designingoftherectangular 

combinedfootingwithneat sketch 

 

BT-3 
 

Applying 

5. Describethefollowing 

(i) Proportioningand designingof thestrapfootings. (7) 

(ii) Pressuredistribution beneathfoundation. (6) 

 

BT-3 

 

Applying 

6. A trapezoidal footing is to be produced to support two square columns of 

30cm and 50 cm sides respectively. Columns are 6 meters apart and the 

safebearingcapacityofthesoilis400kN/m
2
Thebiggercolumncarriesaload 

of5000kNandthesmallercarriesaloadof3000kN.Analyseanddesigna 

suitable size of the footing so that if does not extend beyond the face of 

thecolumns. 

 

 

 

 

BT-5 

 

 

 

 

Evaluating 

7. Explaintheconventionalmethodsofproportioningofraftfoundation. BT-3 Applying 

8. Brieflydiscussaboutthevarious typesof footingwithneat sketch. BT-2 Understanding 

9. Planandcomputeamatfoundationwith9columns.Assumingthematisrigid,determ

inethesoilpressuredistribution.Allthecolumnsareofsize 

0.6mx0.6m.Assumerelevantloadsoncolumnasper ISstandards. 

 

BT-5 

 

Evaluating 



10. DesignaRCCfootingfor awall 30 cmwideandhavingaload of80 kN/m 

Theallowable soil pressureis 50 kN/m2. 

 

BT-5 

 

Evaluating 

11. (i) Explainthetypesofmatfoundation. (7) 

(ii) Listtheapplication andconditionswherematfoundationsareused. (6) 

 

BT-2 

 

Understanding 

12. Proportion a rectangular combined footing for two columns 5 m apart. 

Theexterior column of size 0.3 m x 0.3 m carries a load of 600 kN and 

interiorcolumn of size 0.4 m x 0.4 m carries a load of 900 kN. The allowable 

soilpressureis100 kN/m
2
 

 

 

BT-5 

 

 

Evaluating 

13. Write brief notes on: 

(i) Mat foundation (7) 

(ii) Floating foundation (6) 

 

BT-2 

 

Understanding 

14. Analyze the methods to compute the minimum thickness of rigid footing. BT-4 Analyzing 

15. Design a rectangular combined footing for two columns having column load 

of 600 kN and 900 kN. Take the net allowable pressure as 100 kN/m3. 

BT-6 Creating 

16. Design a trapezoidal footing of 2 columns of size 0.5 m x 0.5 m with the 

centre to centre spacing 6 m. The load on the columns are 2000 kN and 

1500 kN respectively. Take the net allowable bearing pressure as 200 kN/m2. 

 

BT-6 

 

Creating 

17. Design a strap footing for the two columns of size 0.4 x 0.4 m carrying a load 

of 600 and 1000kN. The allowable soil pressure is 100 kN/m2 Take 

eccentricity of the footing of column carrying 600 kN as 1m. The columns 

are spaced at 6 m c/c. 

 

 

BT-4 

 

 

Analyzing 

18. Assesthe IScodalprovisionsandrecommendationsforthedesignofraft 

foundation. 

 

BT-5 
 

Evaluating 

19. Explainwithneatsketchthetypesofraftfoundationandalsomentiontheir 

applications. 

 

BT-3 
 

Applying 

20. Criticallydiscussthechoicesofdifferentshallowfoundationswithdifferent 

siteconditions.Statethemeritsanddemeritsofeachfoundation type. 

 

BT-2 

 

Understanding 

21. (i) Explainthe design procedureof a combined footing (8) 

(ii) Describeabout contactpressure forfoundationson clayandsand. (7) 

 

BT-4 

 

Analyzing 

22. Discussindetail abouttheseismic considerationsforafootingdesign. BT-2 Understanding 

    

 



 

UNIT- IV PILE FOUNDATION 

Types of piles and their functions – Factors influencing the selection of pile – Load Carrying capacity of 

pile – Design methodology for piles - Static formula – Dynamic formulae – Capacity from insitu tests –

Negative skin friction – Group capacity – Settlement of pile groups – Pile load test - Under reamed piles 

– Codal provisions. 

PART–A 

1. Wherearethedeepfoundationsemployed? BT-2 Understanding 

2. Listthefactorsconsidered fortheselection ofpile type. BT-1 Remembering 

3. Howdoyouproceedtocalculate thesettlementof agroupof frictionpilesin 
clay? 

 

BT-3 
 

Applying 
4. Howto protect thepileduringdriving? BT-1 Remembering 
5. WriteConverse-Labarreformulafor group efficiencyof piles. BT-1 Remembering 

6. Writeabout group actionofpiles andspacingofpiles ingroupaction. BT-3 Applying 

7. Whatismeantbygroup settlementratio? BT-2 Understanding 

8. Identifythe methods for estimatingtheload–carryingcapacityofapile. BT-2 Understanding 

9. Reporton reasonsfor conductinginitial testson piles. BT-2 Understanding 

10 Definenegativeskin friction. BT-1 Remembering 
11 Whatarethe generalformsofdeepfoundation? BT-2 Understanding 

12 Whatarethe differenttypesof pilesaccordingtothematerialof construction?  

BT-2 
 

Understanding 
13 Describeaboutunderreamedpile?Whenisitpreferred? BT-3 Applying 
14 Statethemethodsofpile driving. BT-1 Remembering 

15 StateFeld’s rule fordetermininggroupcapacityof pilegroups. BT-1 Remembering 

16 Discusstheapplicationofbatterpiles. BT-2 Understanding 

17 Whatistheneed ofpressurepiles? BT-3 Applying 

18 Listthedifferenttypesof pilesaccordingtotheirfunctions. BT-1 Remembering 
19 Examinethedifferenttypes ofpilesaccordingtoitsinstallation. BT-1 Remembering 

20 Whatis the resultof drivingadisplacementpileinto a loosesand and plastic 
clay? 

 

BT-3 
 

Applying 
21 Whataretheprecautionsthatshould betakento avoidheavingofsoil while 

drivingthe pile? 
 

BT-3 
 

Applying 
22 RecalltheEngineeringNewsformulatocalculatetheloadcarryingcapacityof pile. BT-1 Remembering 

23. Definepilecap. BT-1 Remembering 

24. DiscussaboutPilegroupefficiencyandlistthefactorsaffectingpile 
groupefficiency. 

 

BT-3 
 

Applying 
25. Fora Pile designedforan allowable load of 4kN driven by a 

singleactingsteamhammerwithaenergyof221t-

cm.Estimateapproximateterminalset 

ofPile. 

 

BT-5 
 

Evaluating 

PART–B 



1. Definepilefoundation.Brieflydiscussaboutthetypeofpileandtheirfunctions. BT-2 Understanding 

2. (i) A wooden pile is being driven with a drop hammer weighing 20 

kNhavingafreefallof1m.Thepenetrationinthelastblowis5mm.Determinethe 

loadcarryingcapacityusingengineeringnews formula.(7) 

(ii) Compareandcontrastengineeringnews andHileysformula

(6) 

 

 

BT-5 

 

 

Evaluating 

3. Discussthefollowingmethodsof load carryingcapacityof pile 

(i) Staticformula (7) 

(ii) Dynamicformula (6) 

 

BT-4 

 

Analyzing 

4. Elaboratethe following, 

(i) Underreamedpiles (5) 

(ii) Negativeskinfriction (4) 

(iii) PileCap and Settlement of pilegroup in clay (4) 

 

 

BT-2 

 

 

Understanding 

5. (i) Aconcretepile 30 cmdiameter isdriven intoa medium densesand 

(φ = 35°, γ = 21 kN/m
3
), k = 1.0, tan δ = 0.7, Nq = 60). For a depth of 

8m,Findthesafe load. Takingafactorof safetyof2.5, if thewater 

tablerisesto2mbelowthegroundsurfacetakeγw=10kN/m
2
.Assumenecessaryd

ataifavailable (7) 

(ii) Classifythe pile foundationbased on methodofinstallation and load 

transfermechanism. (6) 
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Evaluating 

6. A square concrete pile (30cm side) 10 m long is driven into coarse 

sandhavingγ=18.5 kN/m
3
&N =20.Determinetheallowable load (F.S =3.0). 

 

BT-5 
 

Evaluating 

7. A reinforced concrete piles weights 30 kN, is driven by a drop 

hammerweights40 kNhavinganeffectivefallof 0.8m. 

Theaveragesetperblowis1.4cm. Thetotal temporaryelastic compression is 

1.8.Assuming coefficientofresistance as0.25. Determinethesafeload using 

EngineeringNewsFormula and HileysFormula. 

 

 

BT-5 

 

 

Evaluating 

8. (i) What is 'negative skin friction' on pile and why does it cause 

concern?How do you estimate its value in clay and sandy soil? Suggest 

means ofcontrollingit. (7) 

(ii) Discussthemethodofobtainingultimateloadandalsoallowableloadonasin

gle pile from pile load test. (6) 

 

 

 

BT-4 

 

 

 

Analyzing 

9. Designasquarepilegrouptocarry400kNinclaywithanunconfinedcompressivest

rengthof60kN/m
2
Thepilesare30cmdiameterand6mlong.Adhesion 

maybetaken as 0.6 

 

 

BT-5 

 

 

Creating 



10. A 16 pile group has to be arranged in the form of a square in soft clay 

withuniform spacing. Neglecting end bearing, determine the optimum 

value ofthespacingofthepilesintermsofthepileassumingashearmobilization 

factorof0.6 

 

 

BT-3 

 

 

Applying 

11. (i)Determinethegroupcapacityof15pilesarrangedin3rowsofdiameter300mm.

If thepilesaredriven8min toclaywithcohesion25kN/m
2
.Takespacingof piles 

as0.8 m. (7) 

(ii)Discussthemethodofobtainingultimateloadandalsoallowableloadonasingl

e pile from pile load test. (6) 

 

 

 

BT-3 

 

 

 

Applying 

12. Analyzethe following 

(i) Group capacityof pile (7) 

(ii) Seismicconsiderationinpiledesign (6) 

 

BT-4 

 

Analyzing 

13. A square group of 25 piles extends between depth of 2m and 12m in 

adepositof20mthickstiffclayoverlyingrock.Thepilesare0.5mindiaand are 

spaced at 1m centre to centre in the group. The undrained shearstrength of 

the clay at the pile base level is 180 kPa and the average value ofthe 

undrained shear strength over the depth of the pile is 110 kPa. 

Theadhesioncoefficientαis0.45.Estimatethecapacityofthepilegroupconsideri

nganoverallfactorofsafetyequalto3againstshearfailure.Nccorrespondingtoφu

=0is 9. 
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Applying 

14. Agroupofninepilesof300mmdiameter,spacedat1m.Findtheefficiencyof 

pilegroupusingFelds rule and Converse-Labarraformula. 

 

BT-4 
 

Analyzing 

15. Demonstrateabouttheinterpretationsobtainedfromthepileloadtest. BT-3 Applying 

16. Explainthefollowing, 

(i) Uplift capacityof pile(7) 

(ii) Constructionofunder-reamed piles. (8) 

 

BT-2 

 

Understanding 

17. Design a friction pile group to carry a load of 3000 kN including the 

weightof the pile cap at a site where the soil is uniform clay to a depth of 

20m,underlain by rock. Average unconfined compressive strength of the 

clay is 70kN/m2. The clay may be assumed to be normal sensitivity and 

normallyloaded,withliquidlimit60%.Afactorofsafetyof3isrequiredagainst 

shearfailure. 
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Evaluating 

18. A group of 16 piles of 50 cm diameter is arranged with a center to 

centerspacing of 1 m. The piles are 9 m long and are embedded in soft clay 

withcohesion30kN/m
2

.Bearingresistancemaybeneglectedforthepiles. 

Adhesionfactor is0.6. Determinetheultimateloadcapacityof thepilegroup. 

 

 

BT-5 

 

 

Evaluating 



19. (i) Summarizethebehaviorofagroupofpilesin(a)sandand(b)clay,ascomparedt

othat ofsinglepileintermsofthe 'groupefficiencyfactor'.(8) 

(ii) Explainthe methodsof determiningload carryingcapacityofapile.(8) 

 

BT-4 

 

Analysing 

20. Itis proposedto providepilefoundation foraheavycolumn: thepilegroup 

arecircularhavingdiameters0.5meachandlengthas10m.Designthegrouppileo

f theconditions mentioned. 

 

BT-5 

 

Evaluating 

21. Agroupofninepiles,12mlongand250mmindiameter,istobearrangedinasquar

eforminaclay soilwithanaverageunconfinedcompressivestrengthof 

60kN/m
2
. Findthe centerto center spacingof thepiles fora group 

efficiencyfactor of1.Neglect bearingatthetip ofthepiles. 

 

 

BT-3 

 

 

Applying 

22. Explain in detail the procedure for pile load test to determine the load 

carryingcapacityof pile. 

 

BT-2 
 

Understanding 

UNIT V - RETAINING WALLS 

Introduction- Plastic equilibrium in soils – Active and passive states – Rankine’s theory – Cohesionless 

and cohesive soil – Coulomb’s wedge theory – Condition for critical failure plane – Earth pressure on 

retaining walls of simple configurations – Culmann’s Graphical method. 

PART - A 

1. State Active and Passive Earth pressure. BT-1 Remembering 

2. State whether the following statement is true or not and justify your 

answer.'Retaining structures are mostly designed for active pressure and 

not for passive earth pressure'. 

 

BT-1 

 

Remembering 

3. Summarizecoefficientof earthpressure. BT-1 Remembering 

4. EnumeratetheassumptionsmadeinRankine’stheory. BT-1 Remembering 

5. Whatisthecriticalheight of anunsupportedvertical cutincohesivesoil? BT-2 Understanding 

6. ListoutthevariousassumptionsinvolvedinCoulomb'searthpressure theory. BT-1 Remembering 

7. CompareColoumb'swedgetheorywithRankine’s theory. BT-2 Understanding 

8. Sketchthevariationof earthpressureandcoefficientofearthpressurewith 

themovementofthewall. 

BT-4 Analyzing 

9. Givethe minimum factorof safetyfor thestabilityof aretainingwall. BT-1 Remembering 

10. Ifaretainingwallof5 mhighisrestrainedfromyielding,what 

willbethetotalearthpressureatrestpermetrelengthofwall?Given:thebackfillisc

ohesion lesssoil havingφ= 30°and γ =18 kN/m3. 

 

BT-3 

 

Applying 

11. Make an estimate of lateral earth pressure coefficient on a basement 

wallsupportssoiltoadepthof2 m.Unitweight and 

angleofshearingresistanceof retained soilare16kN/m3and 32°respectively. 

 

BT-5 

 

Evaluating 

12. Are granularmaterials arepreferredforthebackfillof aretainingwall?Justify.   



BT-3 Applying 

13. Howdo tensioncracks influencethedistribution of activeearth pressurein 

purecohesion? 

 

BT-2 

 

Understanding 

14. Whylateral wallmovement requiredforcompletemobilizationofpassive 

stateishigherthanthatforactivestate? 

 

BT-2 

 

Understanding 

15. Whataredifferentstatesinwhichasoil masscanexist? BT-1 Remembering 

16. Whatdoyouunderstandbyplasticequilibriuminsoils? BT-2 Understanding 

17. Statecriticalfailureplane. BT-1 Remembering 

18. Writeaboutsurchargeangle. BT-1 Remembering 

19. Discussaboutearth pressureat rest BT-2 Understanding 

20. If thePoisson'sratioofsoilis0.4.Finditscoefficientofearthpressureatrest. BT-5 Evaluating 

21 Enumeratethe assumptionsmadeincoulombwedgetheory. BT-1 Remembering 

22 What arethe stabilityconditions to be checked for theretainingwall? BT-1 Remembering 

23 Whythepassive earth pressureis not considerin the design? BT-2 Understanding 

24 Definetheoryof plasticity. BT-5 Evaluating 

25 Whatissurcharge? BT-1 Remembering 

PART - B 
1. Aretainingwallis4metreshigh.Itsbackisverticalandithasgotsandybackfill 

upto its top. The top of the fill is horizontal and carries a uniformsurcharge 

of 85 kN/m2. Dry density of soil = 18.5 kN/m3. Moisture content ofsoil 

above water table = 12%. Angle of internal friction of soil = 30°, 

specificgravity of soil particles = 2.65. Porosity of backfill = 30%. The 

wall frictionmaybeneglected. 

Determinethe following 

.(i)Depthofzerotensioncrack (6) 

(ii)Activepressureactingonthewall (7) 
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Evaluating 

2. ExplainRankine’sActiveearthpressuretheoryforcohesionlesssoilandcohesiv
esoil. 

 

BT-3 
 

Applying 
3. A4mhighverticalwallsupportsasaturatedcohesivesoilφ=0withhorizontal 

surface. The top 2.5m of the backfill has bulk density of 17.6kN/m3 and 

apparent cohesion of 15 kN/m2 The bulk density and apparentcohesion of 

the bottom 1.5 m is 19.2 kN/m3 and 20 kN/m2 respectively. 

Iftensioncracksdevelop,whatwouldbethetotalactivepressureonthewall?Also

drawthepressuredistributiondiagram. 
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Analyzing 

4. (i) Whatarethe different modes of failureof aretainingwall (6) 

(ii) Analyzetheeffect of lineloadonretainingwall. (7) 

 

BT-2 
 

Understanding 



5. A retaining wall of 6 m high has a saturated backfill of soft clay soil. 

Theproperties of the clay soil are γ sat = 17.56 kN/m3, unit cohesion Cu = 

18kN/m2.Determine 

(i) Theexpected depth oftensilecrack inthesoil. 

(ii) Theactiveearth pressurebeforethe occurrenceof tensilecrack. 

(iii) Theactivepressure aftertheoccurrenceof tensilecrack. 
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Applying 

6. Awallof8mheightretainssandhavingadensity 

of1.936Mg/m3andangleofinternalfrictionof34°.Ifthesurfaceofthebackfillslo

pesupwardsat15°tothehorizontal,findtheactivethrustperunitlengthofthewall.

UseRankine’sconditions. 
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Analyzing 

7. A retaining wall has a vertical back and is 10m high. The soil is sandy 

loamof unit weight 20 kN/m3.It shows a cohesion of 12 kN/m2 and φ = 

20°.Neglectingwallfriction,determinethethrustonthewall.Theuppersurfaceof 

thefill is horizontal. 
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Analyzing 

8. Asmooth rigidretainingwall of6m highcarriesauniform surchargeload 

of12kN/m2.Thebackfillisclayeysandpossessingthefollowingproperties. γ = 

16.0 kN/m3, φ = 25°, and c = 6.5 kN/m2 for a retaining wallsystem,the 

following data were available: 

(i) Heightof wall=7m. 

(ii) Propertiesofbackfill:γd=16kN/m3,φ=35° 

(iii) Angleofwallfriction,δ=20° 

(iv)Backofwallisinclinedat20°tothevertical(positivebatter) 

(iv) Backfillsurfaceis slopingat1:10. 

Findthefollowing 

(i) Activeearthpressure 

(ii) Passiveearthpressure 
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Evaluating 

9. Prepareashort noteon 

i) Plasticequilibrium ofsoils. 

ii) Stabilityof retainingwall. 
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Understanding 

10. Discussindetails onthe methodofestimatingthe 

activeearthpressureonaretainingwall byusingtheCulmann's method. 
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Analyzing 

11. Summarizethefollowing 

(i) DepthofTensionCrack 

(ii) EconomicaldesignofRetainingWalls. 

(iii) Natureandmagnitudesofearthpressures 
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Understanding 

12. Giveabrief noteonthe followingwith variation ofpressuredistribution 

(i) CantileverRetainingWall 

  



(ii) CounterfortRetainingWall BT-2 Understanding 
13. 

Aretainingwall6mheightretainsthebackfillofbulkunitweight19kN/m
3
,C = 

20 kN/m
3
, angle of internal friction 30° and with the top horizontal. 

Thebackfillcarriesasurchargeof30kN/m
2
Computethetotalactiveandpassivee

arthpressureonthewallandtheirpointofapplication.Drawtheearthpressuredist

ributiondiagram. 
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Applying 

14. 
Aretainingwall6mhighretainssandwithφ=30°andunitweight24kN/m

3
uptothe

depthof3mfromtop.From3mto6mthematerialiscohesivesoilwithc=20kN/m
2
a

ndφ=20°.Unitweightofcohesivesoilis18kN/m
3
Auniformsurchargeof100kN/

m
2
actsontopofthesoildeterminethetotallateralpressureactingonthewallandits

pointsofapplication. 
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Applying 

15. ConstructthedeterminationsofactiveearthpressureaccordingtoRankine’stheo

ryforthefollowing conditions, 

(i) Submergedbackfill (8) 

(ii) Backfillwithuniformsurcharge(8)  
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Applying 

16. Aretainingwallwithasmoothverticalbackis10mhighandretainsatwolayersan

d backfill with thefollowingproperties: 

0 - 5 m depth: ϕ = 30˚,  

γ = 18 kN/m3 ,  Below5 m : ϕ=34˚, 

γ= 20 kN/m3 

Showtheactiveearthpressuredistributionassumingthewatertableiswellbelowt

hebaseofwall. 
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Analyzing 

17. A retaining wall 8 m high, with smooth vertical back, retains a clay 

backfillwithc’=15kN/m2,ϕ=15˚,γ=18kN/m3.Calculatethetotalactivethruston

thewallassumingthattensioncracksmaydeveloptothefulltheoreticaldepth. 

  

18 DiscusstheRankine’stheoriesforvariousbackfillconditionstocalculateactivee

arthpressure. 
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Applying 

19 Constructasketchandexplaincoulomb’swedgetheoryforsoilpressuredistribut

ion. 
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Creating 

20 Classifythedifferenttypesofearthpressure?Giveexamples.Deriveanequationf

ordeterminingthemagnitudeofearthpressureatrest. 

 

BT-3 
 

Applying 

21 A retaining wall 10 m high retains a cohesionless soil having an angle 

ofinternal friction of 300. The surface of the soil is level with the top of 

 

 

 

 

 

 

 

 



thewall. The top 3 m of the fill has a unit weight of 20 kN/m3 and that of 

therestis30kN/m3.Findthemagnitudepermetrerunandpointofapplicationoft

heresultantactivethrust.Assumeφthesameforboththestrata. 

BT-4 Analyzing 

22 Explaintheproceduretodeterminetheactiveearthpressureusing 

Culmann’sgraphicalmethods. 
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Evaluating 















 


