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I.  COURSE DESCRIPTION IN ABET FORMAT 
 
                                                CIVIL ENGINEERING DEPARTMENT 

             CVEG 4100 GEOTECHNICAL ENGINEERING DESIGN LAB 
 
Course Designation    Required Course 
 
2020-21 Catalog Data CVEG 4100. Geotechnical Engineering Lab. 1 Credit. Subsoil Exploration method and report, 

Borelog reading and interpretation, Design of Shallow foundation, Stress increase and distribution, 
Settlement analysis, Design of Deep foundation, Earth retaining structures design, Slope stability 
Analysis. 

Prerequisites       CVEG 3300   
Corequisite        N/A  
 
Textbook         1. Principles of Foundation Engineering, 9th Edition 
              Braja M. Das and N. Sivakugan, Cengage Learning 
 
 
References        USACE and NAVFAC Manuals 
 
Main Instructor     Assistant Professor Md Jobair Bin Alam, Civil Engineering 
 
Course Objectives       1. Understand the importance of subsoil exploration and analyze the soil behavior.  
                                      2. Be proficient in finding the precise soil data from soil exploration report.  
                                      3. Be proficient in applying the engineering judgement in designing foundation system. 
                                      4. Applying the knowledge of geotechnical engineering to determine the most suitable foundation 

system for structures. 
                                      5. Be proficient in basic analysis of earth structures design. 
 
Topics Covered       

1. Sub-soil Exploration 
2. Standard Penetration Test 
3. Shallow Foundation Design 
4. Settlement Calculation for Shallow Foundation 
5. Potential Vertical Rise (PVR)  
6. Mat Foundation 
7. Deep Foundation 
8. Lateral Earth Pressure and Slope Stability 

 
Class Schedule      Lecture: 1 three-hour session per week  
               
 
Contribution   
to Professional 
Component       Mathematics              0  Credits 
             Engineering Science          1  Credits 
             General Education Requirements   0  Credits 
             Major design Experience        1    Credits  
 
Program Objectives 
Covered by Course     Program objectives 7 
 
Program Outcomes  
Covered by Course    Program Outcomes 7 
    
Program Outcomes 
Measured by Course    1.   Program outcomes 7 assessed in project report 
                



 
Data Used in Assessing 
Outcomes in Course    1.   Class Tests /Exams 
                    2.   Homework assignments  
                3. Project Reports 
                 
 
Data Used to Show 
Student Proficiency 
in Outcomes        1. Samples of student work in a Binder 
               2. Grade sheet showing student performance and class average in outcomes 
               3. End of Semester Course Assessment report 
 
Prepared by:        Dr. Md Jobair Bin Alam         Date: December 10, 2021 
 
 
 
 
 



 
II ASSESSMENT RESULTS FOR CURRENT AND PAST FOUR                   

ASSESSMENT PERIODS 
 
 
Program Outcomes Assessed in this course  
 
 

 
 
Outcome 7: An ability to acquire and apply new knowledge as needed using appropriate learning 
strategies. 
 

    
 
 
Assessment Summary of Class Semester Averages for Outcomes: Fall 2020-Spring 2021 

 
Outcomes 7 
Semester Semester Class Average (%) 

 
Fall 2021 

 
*81 

Comments on Data 

The projects were given to them to solve real life 
problems using engineering calculations and 
judgement. Students gradually performed better. The 
project report was found below standard in some 
cases. 
 

           *Expected Semester Class Average = 75% 



 

End of Semester Course Assessment Reports 
Fall 2021 

 

Each summary contains the following Information   

1.  Performance Statistics 
• Total number of students in class 
• The class average performance (stated as %) in each course outcome assessed 

in this class.  
• The acceptable class average for the class in each outcome area as set by your 

department.  
• Percentage of students who scored below the expected average in each 

outcome. 
 

2.  Implementation Summary 
• Summary of plans implemented during the semester based on last assessment 

report 
 

3.  Perceived Problems 
• Instructor’s critical evaluation of perceived problems that affected students’ 

performance. Realistic problems should be identified throughout the semester 
and summarized in this section of the report. 

 

4.  New Plans for Addressing Problems 
• Instructor’s plans for addressing the perceived problems the next time the 

class is taught. These should be specific enough for another instructor to 
implement. Most of these should be things that, you, the instructor can 
implement to help students to improve. Be creative. 

 

5.  Overall Trend of assessment periods 
• Instructors’ summary of overall performance trend for each outcome 

measured over the last three periods. 
 

6.  Were Expectations Met? 
• Answer YES if the class average was above the expected average and the 

stated percentage of students scored at or above the expected average, else 
answer NO. 



 
END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

CVEG 4100 GEOTECHNICAL ENGINEERING DESIGN LAB 
FALL 2021 SEMESTER 

  
 Report Prepared by: Dr. Md Jobair Bin Alam 
  Report Date: December 10, 2021   

 
 

Semester 

 
 

Analysis Type 

 
Number of Students 

Outcome 7 
An ability to acquire and apply new knowledge as needed 
using appropriate learning strategies.  
 

 
Expected 

Class 
Average/ 

 
Expected 
Percent of 

students at or 
above average 

 
 

Class Average 

 
% Students 

meeting 
Expected 
Average 

Fall 2021 Direct 12 75 75 80 81 
 

Implementation Summary 
Items implemented from previous 
report or after meeting previous 

instructor 

All the implementation summary for the sub-outcomes were 
implemented for this outcome. 

 
 

Perceived Problems 

Perceived problems are directly related 
to the PC and the sub items under them 

 
Major problems were inability to produce a standard report. 
Students’ technical ability to solve engineering problems by 
applying innovative idea improved.  

 
 

Plans for Addressing Problems 

 
Plans for address specific measures to 

address PC and their sub areas 

 
Provide the students with sample professional technical 
engineering report to better present their technical work.  

Overall Trend over Periods Ascertain if there were improvements 
over previous semesters 

Students’ performance was above the expected average.  

Were Expectations Met?   
YES 



 
 
 
 

 
GEOTECHNICAL ENGINEERING DESIGN LAB 

FALL 2021 
 
        
 

Title of Assignment:  1 
 

TOPICS COVERED IN ASSIGNMNET 1 
 

 Test 1 covered the following topics: 
 

1. Subsoil Investigation 
2. Shallow Foundation Design 

 
 

NOTE: Pages T1 through T7 should be repeated for each Test and 
Similarly for all the other assignments in the course binder 
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GEOTECHNICAL ENGINEERING DESIGN LAB 
FALL 2021 

 
 
 
 

SAMPLE ASSIGNMENT QUESTIONS  
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CVEG 4021: Geotechnical Engineering Design  
 
 

 

 
Prairie View A&M University 

Department of Civil & Environmental Engineering 

Problem 1 

 

A boring log is shown in Figure 1. Read the boring log thoroughly. Determine the standard penetration number 
from the boring log and show your results in a tabulated form. Describe the soil profile based on the SPT values. 

 

 
Figure: 1 

Dr. Alam 



CVEG 4021: Geotechnical Engineering Design  
 
 

 

 
Prairie View A&M University 

Department of Civil & Environmental Engineering 

Problem 2 

 

Problem 3 

 
A square footing resting on a granular soil for a column to carry a loading of 2000 kN. Determine footing dimensions 

when bearing on granular soil having properties shown in Figure 2. Use Factor of Safety of 2.5 for calculation. 

 
Figure: 2 

Problem 4 

 
If the water table at a site for a strip footing in the following figure (Figure 3) is at a position 

a) 1.25 m below ground level 

b) 1.25 m below foundation base 

What will be the net safe bearing pressure for both the cases? Given, unit weight of soil above water table is 17.5 

KN/m3 and saturated unit weight of the soil (below water table) is 18.5 KN/m3.  

 
Figure: 3 



ABOVE AVERAGE 
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Pencil







Md Jobair Bin Alam
144250000000001819
check calculations

Md Jobair Bin Alam
144250000000001819

Md Jobair Bin Alam
144250000000001819
good. but not required.
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Civil & Environmental Engineering Department  
Prairie View A&M University 

 

 
 

CVEG 4100 – P81 Geotechnical Engineering Design  

Fall 2021  

Homework #1 

 Michael LeBlanc Jr. 

Given On 

September 8, 2021 

Submitted On 

September 15, 2021 

To 

Dr. J. Alam 

 
 
 

mdalam
Pencil



Md Jobair Bin Alam
144250000000001819
soil description means is the soil loose, stiff, soft based on SPT

Md Jobair Bin Alam
144250000000001819

Md Jobair Bin Alam
144250000000001819



Md Jobair Bin Alam
144250000000001819

Md Jobair Bin Alam
144250000000001819
check nearing capacity factor values!

Md Jobair Bin Alam
144250000000001819



Md Jobair Bin Alam
144250000000001819



Md Jobair Bin Alam
144250000000001819
check calculations

Md Jobair Bin Alam
144250000000001819
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Md Jobair Bin Alam
144250000000001819

Md Jobair Bin Alam
144250000000001819
soil description - loose soil, or stiff soil or etc.? (-5)



Md Jobair Bin Alam
144250000000001819
this problem has 2 parts a and b! (-15)

Md Jobair Bin Alam
144250000000001819

Md Jobair Bin Alam
144250000000001819



Md Jobair Bin Alam
144250000000001819



Md Jobair Bin Alam
144250000000001819

Md Jobair Bin Alam
144250000000001819
-5

Md Jobair Bin Alam
144250000000001819
use table to find values. no need to calculate.



Md Jobair Bin Alam
144250000000001819

Md Jobair Bin Alam
144250000000001819
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GEOTECHNICAL ENGINEERING DESIGN LAB 
FALL 2021 

Title of Assignment:  2 

TOPICS COVERED IN ASSIGNMNET 1 

Test 1 covered the following topics: 

1. Stress Distribution
2. Settlement Analysis

NOTE: Pages T1 through T7 should be repeated for each Test and 
Similarly for all the other assignments in the course binder 

Page T1 



 
 

GEOTECHNICAL ENGINEERING DESIGN LAB 
FALL 2021 

 
 
 
 

SAMPLE ASSIGNMENT QUESTIONS  
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CVEG 4100: Geotechnical Engineering Design 

Prairie View A&M University 
Department of Civil & Environmental Engineering 

Problem 1 

Find the stress increase of the circular concrete water tank (when the tank is full of water) at 10 m, 20 m and 30 below the 
center of the tank as shown in Figure 1. The self weight of the tank is 60,000 KN.  

Figure: 1 

Problem 2 
A rectangular concrete slab, 10ft × 15ft, rests on the surface of a soil mass. The load on the slab is 450 kips. Determine the 
vertical stress increase at a depth of 10 ft (a) under the center of the slab, point A (Figure 2); (b) under point B (Figure 2); (c) 
at a distance of 5 ft from a corner, point C (Figure 2); and (d) compare the results from ‘a’ with an estimate using the 
approximate method. (e) Plot the distribution of stress increase at point A with depth till 40 ft depth with a depth increment of 
8 ft (using m & n method).   

Figure: 2 



CVEG 4100: Geotechnical Engineering Design 

Prairie View A&M University 
Department of Civil & Environmental Engineering 

Problem 3
Proportion a square footing such that the consolidation settlement is not over 40 mm for the given conditions of Figure 3. 

Figure: 3 



CVEG 4100: Geotechnical Engineering Design  

Prairie View A&M University 
Department of Civil & Environmental Engineering 

Problem 4 
A shallow foundation is to be constructed on a sandy soil layer underlain by clayey soil as shown in Figure 4. Find the 
consolidation settlement for the footing.   

Figure: 4 
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GEOTECHNICAL ENGINEERING DESIGN LAB 
FALL 2021 

Title of Assignment:  3

TOPICS COVERED IN ASSIGNMNET 1 

Test 1 covered the following topics: 

1. Deep Foundation Design 
2. Bearing Capacity of Driven Pile

NOTE: Pages T1 through T7 should be repeated for each Test and 
Similarly for all the other assignments in the course binder 

Page T1 



 
 

GEOTECHNICAL ENGINEERING DESIGN LAB 
FALL 2021 

 
 
 
 

SAMPLE ASSIGNMENT QUESTIONS  
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CVEG 4021: Geotechnical Engineering Design  
 
 

 

Prairie View A&M University 
Department of Civil & Environmental Engineering 

 
 
 
 
Problem 1 
 
A concrete pile of 45 cm diameter is driven through a system of layered cohesive soils as shown in Figure 1. The length of 
the pile is 16m. The following data are available. The water table is at the ground surface. The first two layers are normally 
consolidated clay.  
 
Layer 1: Soft clay, thickness = 8 m, cohesion cu = 30 kN/m2. ϒsat=16.7 KN/m3 
Layer 2: Medium stiff, thickness = 6 m, cohesion cu = 50 kN/m2. ϒsat=17 KN/m3 
Layer 3: Stiff stratum extends to a great depth, cohesion cu = 105 kN/m2. ϒsat=18 KN/m3.  
 
Determine the ultimate bearing capacity of the pile (Qu). Determine Qs using Lamda method.  
 

 
Figure: 1 

 



CVEG 4021: Geotechnical Engineering Design  
 
 

 

Prairie View A&M University 
Department of Civil & Environmental Engineering 

Problem 2  
 
A 12 inch diameter concrete pile is to be driven into a clay deposit as shown in Figure 2. The pile’s design 
capacity is 30 tons. Determine the length of the pile to carry that 30 tons load if the factor of safety is 2.  
 

 
Figure: 2 

Problem 4 
 
Determine the design capacity of the concrete pile shown in Figure 3 for a factor of safety of 2.  

 
Figure: 3 

Clay 
Unconfined Compression Strength, qu = 4800 psf 
ϒ = 126 pcf 
 



ABOVE AVERAGE 
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GEOTECHNICAL ENGINEERING DESIGN LAB 
FALL 2021 

Title of Assignment:  Project Report 1 

TOPICS COVERED IN PROJECT REPORT 1  

1. Shallow Foundation Design

NOTE: Pages L1 through L7 should be repeated for each Report and 
Similarly for all the other assignments in the course binder 

Page  L1 



 
 
 
 
 
 
 
 
 
 
 

 
GEOTECHNICAL ENGINEERING DESIGN LAB 

FALL 2021 
 
 
 
 

SAMPLE PROJECT QUESTIONS 
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CVEG 4021 Geotechnical Engineering Design 

Project – Shallow Foundation Design

Initial information search or review: 

Design Project 

Read the letter of request thoroughly for a project to be completed in Lubbock. Find out the necessary 

information from the letter required to design the foundation system for the project. The column loading 

from the structural design is also provided in the letter. Based on the review of the documents, design 

the shallow foundation system for the proposed project.  

Design of the foundation system should include (BUT NOT LIMITED TO): 

1. Soil boring information and sub-surface soil condition.

2. Ground water table location (if any).

3. Detail soil information and design soil parameters.

4. Design the foundation for both bearing capacity and settlement consideration.

5. Recommend the best shallow foundation system providing all the details, calculation, reason for 
choosing your particular type of foundation.

6. Show detail of the foundation in CAD drawing.

Note: 

A professional comprehensive report is expected. Put detailed information, design detail, necessary 
graphs, assumption (if any) and other details in the report. To design the foundation systems of the project, a 
sample calculation from each design component is required in the appendix. Use of Auto CAD is 
recommended in drawing detailing (where required). 

It is a group project, team work is necessary to complete the project. Project report and 
presentation will be evaluated and graded separately for each individual student.  



 
 

 

 

June 12, 2019 

 
Md. Jobair Bin Alam, Ph.D., P.E., A.M.,ASCE  
Assistant Professor 
Department of Civil & Environmental Engineering 
Roy G. Perry College of Engineering 
P.O. Box 519, Mail Stop 2510 
SR Collins Building, Suite 312 
Prairie View A&M University 
Prairie View, TX 77446 
 
 
Dr. Alam,  
 
 

 
 
 
 
 

 



 

 
 
Sincerely, 
 

 

BGR Architects, INC. 
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Sandy lean clay (CL), very dark  gray

 (CL),  reddish brown

Fat clay with sand (CH),   gray

Bottom of Borehole at 6.5 feet
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Lean clay with sand (CL), dark reddish brown

 (CL), light reddish brown

Bottom of Borehole at 6.5 feet
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Lean clay with sand (CL), light reddish brown
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41

38

44

38

24

24

26

20

14.1

17.7

17.0

17.3

16.4

18.6

17.0

17

14

18

18

11

3

3

4

4

7

11

7

3

6

7

9

13

19

3

2

7

10

14

17

31

P
A

S
S

IN
G

 S
E

IV
E

 #
20

0 
(%

)

SPT,
# of Blows

BORING LOG

REMARKS

CASING

TEST HOLE DIAMETER (in):
TOTAL DEPTH (ft):

DRILL RIG:
DRILLING METHOD:

SHELBY TUBE

None S U

of

FIELD RESULTS LABORATORY RESULTS

CME 75
Hollow Stem Auger

TCP

DATE

TEST HOLE:
SHEET NUMBER:
DATE STARTED:
DATE FINISHED:

DRILLER:
LOGGER:

REVIEWED BY:

B-17
1
7/11/2019
7/11/2019
Leo K.
Bradley W.
Jobair

TIME WATER
DEPTH (ft)

R
Q

D
(%

)

ROCK CORE

G
R

A
P

H
IC

 L
O

G

8
21.5

DESCRIPTION

PROJECT NO.:
INVOICE NO.:

PROJECT:

LOCATION:
CLIENT:

CONTACT:

Petersberg, TX
BGR Architects Inc.
Mr. Jim Melton, AIA

 Dry

D
E

P
T

H
 (

F
E

E
T

)

0

5

10

15

20

STR 2481L
239609
New K-12 School Petersberg ISD

P
O

C
K

E
T

 P
E

N
.

(T
S

F
)

LI
Q

U
ID

LI
M

IT
 (

%
)

A
D

D
IT

IO
N

A
L

T
E

S
T

S

P
LA

S
T

IC
IT

Y
IN

D
E

X
 (

%
)

1

TYPE/
SYMBOL

SPLIT SPOON

GROUND WATER DATA:

T

GRAB

G C

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

P
LA

S
T

IC
LI

M
IT

 (
%

)

0-
6"

6-
12

"

12
-1

8"

S
A

M
P

LE

jobai
Sticky Note
Sandy Lean Clay (CL)



60.4

64.2

48.6

7/11/2019

Sandy lean clay (CL),  reddish brown
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Bottom of Borehole at 21.5 feet
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Lean clay with sand (CL),   gray
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TOPICS COVERED IN Project 2

1. Deep Foundation Design
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CVEG 4100 Geotechnical Engineering Design                              
Project 2– Fall 2021 
 

 
 
Description: 
 

Design Project 2 

The soil boring logs for a project are provided with all the necessary soil properties. Estimate the bearing 
capacity of the soil if driven pile is considered as foundation system. Each of the boring logs are 20 ft. deep. 
Due to budget constraints, piles will be driven maximum 20 ft. Additionally, the pile diameter (for circular pile) 
cannot be more than 15 inches, and for square section pile, the maximum cross-sectional dimension should 
not be more than 15" by 15". Based on the given condition and soil properties, proportion the pile dimension 
and find the allowable bearing capacity in a most economical way for both circular and square section pile. 
Use reasonable factor of safety. Develop capacity curves, and recommend the allowable structural column 
loads that the pile can carry for all the borings for different pile section dimension.   
 
Schedule: 
 
Final Report Due: November 24, 2021 (before the class starts) 
Project Presentation: November 24, 2021 (During Class time) 
 
Note: 
 
A professional comprehensive report is expected. Put detailed information, justification, drawings, necessary 
graphs, and other details in the report.  
 
It is a group project, teamwork is necessary to complete the project.  
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 Letter of Transmittal

November 24, 2021

Dr. Jobair Bin Alam

Civil Engineering Department

Prairie View A&M University

 Dear Dr. Alam,

This report describes a design for a project done by M.A.R.S. Engineering. The report contains 

the detailed analysis and recommendations for the allowable loads on structural columns that 

each pile section can take for the different pile section dimensions. All the information in the 

report was gathered from EIT’s and engineers involved in the project. This report also consists of 

different sections that will analyze some differently significant parts of the project. Please feel 

free to contact our project manager if you have any questions or concerns regarding the report 

(857-342-0981).

 

Thank you,

M.A.R.S. Engineering
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Abstract 

The engineers of this project were tasked with providing a foundation type that best fit the 

proposed building in Lubbock, Texas. The buildings will be constructed with a conventional 

steel-framed building structural system.   The building is anticipated to have a foundation that 

will consist of continuous footing around the building and spread footing under the isolated steel 

columns. The foundation of the project must be designed for bearing capacity and settlement. 

Comparing the different types of foundations will help decide if the selection and dimensions are 

both good fits for the project’s structure.  
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Introduction 

The test that we will be conducting is the Standard Penetration Test (SPT). The Standard 

Penetration Test is a testing method that is used to determine the geotechnical properties of 

subsurface soils. The test compared to others is inexpensive and can estimate the density and 

shear strength parameters of soil accurately. The test uses a thick-walled sample tube, with an 

outside diameter of 50.8 mm and an inside diameter of 35 mm, and a length of around 650 mm. 

This is driven into the ground at the bottom of a borehole by blows from a slide hammer with a 

mass of 63.5 kg (140 lb) falling through a distance of 760 mm (30 in). The sample tube is driven 

150 mm into the ground and then the number of blows needed for the tube to penetrate each 150 

mm (6 in) up to a depth of 450 mm (18 in) is recorded. The sum of the number of blows required 

for the second and third 6 inches of penetration is termed the "standard penetration resistance" or 

the "N-value". In cases where 50 blows are insufficient to advance it through a 150 mm (6 in) 

interval the penetration after 50 blows are recorded. The blow count provides an indication of the 

density of the ground, and it is used in many empirical geotechnical engineering formulae. In 

regard to the N-value, it provides an indication of the density of subsurface soil. Using this, the 

approximate shear strength properties of the soils can be estimated for the project.

 

 

 

https://en.wikipedia.org/wiki/Borehole
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Empirical
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Objective

The objective of this project was to analyze the given boring logs and to develop capacity curves 

for both square and circular dimensions. Also to prepare a comprehensive geotechnical 

investigation and to prepare a written report of the analysis and recommend the allowable 

structural column loads that the pile can carry for all the borings for different pile section 

dimensions. The things that need to be done will be drilling soil borings at a depth of a maximum 

of  20 feet below the existing grades within the proposed development area and laboratory 

testing and preparation of an engineering report will be conducted.
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Circular Pile: Acircular  pile=1.23ft2 ; P = 3.93 ft.

Square Section Pile:  Asquare pile=1.56ft2; P =5 ft.

Table 1a: Boring 1 Analysis for Circular Pile

Depth (ft) SPT  Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 5 550 .275 .92 6088.5 0 6088.5

2.5 11 1500 .75 .62 16,605 9137.3 25,742.3

5 11 1500 .75 .62 16,605 9137.3 25,742.3

7.5 18 3000 1.5 .39 33,210 11,495.3 44,705

10 16 2500 1.25 .42 27,675 10,316.3 37,991.3

15 21 3400 1.7 .37 37,638 24,719.7 62,357.7

18.75 31 4050 2.03 .35 44,833.5 20,890.4 65,723.9

Md Jobair Bin Alam
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Table 1b: Boring 1 Analysis for Square Section Pile

Depth (ft) SPT Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 5 550 .275 .92 7722 0 7722

2.5 11 1500 .75 .62 21,060 11,625 32,685

5 11 1500 .75 .62 21,060 11,625 32,685

7.5 18 3000 1.5 .39 42,120 14,625 56,745

10 16 2500 1.25 .42 35,100 13,125 48,225

15 21 3400 1.7 .37 47,736 31,450 79,186

18.75 31 4050 2.03 .35 56,862 26,578.1 83,440.1

Md Jobair Bin Alam
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also figure title is required
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CALCULATIONS FOR BEARING CAPACITY ALLOWABLE:

Qs,1 = PCircular ×
7

∑
1

(fn ×△ L) = 3.93 ft. × [71,698.13 
lbs
ft.

] = 281,773.6 lbs

Qp,1 = 9 × Cu × Acircular  pile = 9 × [4,050 
lbs

ft2
] × 1.23ft2 = 44,833.5 lbs

Qs,1 = PSquare ×
7

∑
1

(fn ×△ L) = 3.93 ft. × [71,698.13 
lbs
ft.

] = 358,490.6 lbs

Qp,1 = 9 × Cu × Asquare  pile = 9 × [4,050 
lbs

ft2
] × 1.56ft2 = 56,862 lbs

Qu,Square = Qp + Qs = 56,862 lbs + 358,490.6 lbs = 415,352.6 lbs

Md Jobair Bin Alam
144250000000001819
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calculations in the appendix. Okay



QAllowable =
Qu

F.S.
=

415,352.6 lbs
3

= 138,450.87 lbs

EXPLAIN THE Q- ALLOWABLE :

The Q allowable for boring log 1 was calculated to be 138,450.87 pounds. This means the 
allowable structural column load can not surpass 138,450.87 lbs or failure will occur.

Table 2a: Boring 2 Analysis for Circular Pile

Depth (ft) SPT Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 5 550 .275 .92 6088.5 0 6088.5

2.5 9 1200 .6 .62 13,284 7309.8 20,593.8

5 12 1650 .83 .54 18,265.5 8754.1 27,019.6

7.5 15 2000 1 .48 22,140 9432 31,572

15 10 1400 .7 .58 15,498 23,933.7 39,431.7

18.75 47 5000 2.5 .34 55,350 25,053.8 80,403.3

Md Jobair Bin Alam
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Table 2b: Boring 2 Analysis for Square Section Pile

Depth (ft) SPT Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 5 550 .275 .92 7722 0 7722

2.5 9 1200 .6 .62 16,848 9300 26,1`48

5 12 1650 .83 .54 23,166 11,137.5 34,303.5

7.5 15 2000 1 .48 28,080 12,000 40,080

15 10 1400 .7 .58 19,656 30,450 50,106

18.75 47 5000 2.5 .34 70,200 31,875 102,075

Md Jobair Bin Alam
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CALCULATIONS FOR BEARING CAPACITY ALLOWABLE:

Qs,2 = PCircular ×
7

∑
1

(fn ×△ L) = 3.93 ft. × [57,570 
lbs
ft.

] = 226,250.1 lbs

Qs,2 = PSquare ×
7

∑
1

(fn ×△ L) = 5 ft. × [57,570 
lbs
ft.

] = 287,850 lbs

Qp,2 = 9 × Cu × Acircular  pile = 9 × [5,000 
lbs

ft2
] × 1.23ft2 = 55,350 lbs

Md Jobair Bin Alam
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Qp,2 = 9 × Cu × Asquare  pile = 9 × [5,000 
lbs

ft2
] × 1.56ft2 = 70,200 lbs

Qu,Square = Qp + Qs = 70,200 lbs + 287,850 lbs = 358,050 lbs

QAllowable =
Qu

F.S.
=

358,050 lbs
3

= 119,350 lbs

EXPLAIN THE Q- ALLOWABLE:

The Q allowable for boring log 2 was calculated to be 119,350  pounds. This means the 
allowable structural column load can not surpass 119,350 lbs or failure will occur.

Md Jobair Bin Alam
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Table 3a: Boring 3 Analysis for Circular Pile

Depth (ft) SPT Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 6 700 .35 .78 7749 0 7749

2.5 13 1800 .9 .51 19,926 9019.4 28,945.4

5 17 2550 1.28 .42 28,228.5 10,522.6 38,751.1

7.5 14 1900 .95 .52 21,033 9707.1 30,740.1

10 13 1800 .9 .51 19,926 9019.4 28,945.4

15 11 1500 .75 .62 16,605 18,274.5 34,879.5

18.75 58 6000 3 .34 66,420 30,064.5 36,484.5

Md Jobair Bin Alam
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Table 3b: Boring 3 Analysis for Square Section Pile

Depth (ft) SPT Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 6 700 .35 .78 9828 0 9828

2.5 13 1800 .9 .51 25,272 11,475 36,747

5 17 2550 1.28 .42 35,802 13,387.5 49,189.5

7.5 14 1900 .95 .52 26,676 12,350 39,026

10 13 1800 .9 .51 25,272 11,475 36,747

15 11 1500 .75 .62 21,060 23,250 44,310

18.75 58 6000 3 .34 84,240 38,250 122,490

Md Jobair Bin Alam
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CALCULATIONS FOR BEARING CAPACITY ALLOWABLE:

Qs,3 = PCircular ×
7

∑
1

(fn ×△ L) = 3.93 ft. × [76,440 
lbs
ft.

] = 300,409.2 lbs

Qs,3 = PSquare ×
7

∑
1

(fn ×△ L) = 5 ft. × [76,440 
lbs
ft.

] = 382,200 lbs

Qp,3 = 9 × Cu × Acircular  pile = 9 × [6,000 
lbs

ft2
] × 1.23ft2 = 66,420 lbs

Qp,3 = 9 × Cu × Asquare  pile = 9 × [6,000 
lbs

ft2
] × 1.56ft2 = 84,240 lbs

Qu,Square = Qp + Qs = 84,240 lbs + 382,200 lbs = 466,440 lbs

QAllowable =
Qu

F.S.
=

466,440 lb
3

= 155,480 lbs

EXPLAIN THE Q- ALLOWABLE:

The Q allowable for boring log 3 was calculated to be 155,480 pounds. This means the allowable 
structural column load can not surpass 155,480 lbs or failure will occur.

Md Jobair Bin Alam
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Table 4a: Boring 4 Analysis for Circular Pile

Depth (ft) SPT Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 5 550 .275 .92 6088.5 0 6088.5

2.5 14 1900 .95 .52 21,033 9707.1 30,740.1

5 15 2000 1 .48 22,140 9432 31,572

7.5 16 2500 1.25 .42 27,675 10,316.3 37,991.3

15 18 3050 1.53 .41 33,763.5 36,858.5 70,622

18.75 53 5800 2.9 .34 64,206 29,062 93,268

Md Jobair Bin Alam
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Table 4b: Boring 4 Analysis for Square Section Pile

Depth (ft) SPT Cu (psf) Cu/Pa α Qp (lb) Qs (lb) Qu (lb)

0 5 550 .275 .92 7722 0 7722

2.5 14 1900 .95 .52 26,676 12,350 39,026

5 15 2000 1 .48 28,080 12,000 40,080

7.5 16 2500 1.25 .42 35,100 13,125 48,225

15 18 3050 1.53 .41 42,822 26,893.8 89,715

18.75 53 5800 2.9 .34 81,432 36,975 118,407

Md Jobair Bin Alam
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CALCULATIONS FOR BEARING CAPACITY ALLOWABLE:

Qs,4 = PCircular ×
7

∑
1

(fn ×△ L) = 3.93 ft. × [70,877.5 
lbs
ft.

] = 278,548.6 lbs

Qs,4 = PSquare ×
7

∑
1

(fn ×△ L) = 5 ft. × [70,877.5 
lbs
ft.

] = 354,387.5 lbs

Qp,4 = 9 × Cu × Acircular  pile = 9 × [5,800 
lbs

ft2
] × 1.23ft2 = 64,206 lbs

Md Jobair Bin Alam
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Qp,4 = 9 × Cu × Asquare  pile = 9 × [5,800 
lbs

ft2
] × 1.56ft2 = 81,432 lbs

Qu,Square = Qp + Qs = 81,432 lbs + 354,387.5 lbs = 435,819.5 lbs

QAllowable =
Qu

F.S.
=

435,819.5 lbs
3

= 145,273.17 lbs

EXPLAIN THE Q- ALLOWABLE:

The Q allowable for boring log 4 was calculated to be 145,273.17 pounds. This means the 
allowable structural column load can not surpass  145,273.17 lbs or failure will occur.

RESULTS and DISCUSSION

In the project the SPT test was used to determine the properties of the subsurface soils. It was 

required to analyze the given boring logs and to develop capacity curves for both square and 

circular dimensions. The diameter of the circular pile could not be more than 15” and the square 

section pile could not have a cross-section longer than 15” (15”x15”). With the given conditions 

like soil properties, and pile dimension,  the allowable bearing capacity for both the circular and 

square section piles using a reasonable factor of safety had to be determined in the  most 

economical way. also the allowable structural column loads the piles can withstand for all the 

borings has to be calculated.

Md Jobair Bin Alam
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In the beginning of the analysis the area (A)  and perimeter (p) had to be determine for both the 

circle and square pile:

Circular Pile: Acircular  pile=πr2 = 1.23ft2

Square Section Pile:  Asquare pile= bh =1.56ft2 

Circular Pile: pcircular  pile= 2πr = 3.93 ft.

Square Section Pile:  psquare pile= S x 4 = 5 ft.

The area and perimeter are both constant for all boring logs.

The bearing capacity ( Qu,) is calculated by adding the point bearing capacity ( Qp, ) and the 
friction bearing capacity ( Qs ) :

Qu,Square = Qp + Qs

To calculate the point bearing capacity  ( Qp, ) the following equation was used:

Qp = 9 × Cu × A

Where 

 Cu- mean undrained shear strength 

A - area 

To calculate the friction bearing capacity ( Qs ):

Qs = P × ∑7
1(fn ×△ L) 

Where 

P - perimeter 

fn - unit friction resistance at any depth z.      fn= ⍶Cu

Md Jobair Bin Alam
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When the bearing capacity (Qu) is derived the value equated is divided by the factor of safety to 
get the maximum pressure that can be applied to the soil from the foundation  (QAllowable). The 
factor of safety generally used ranges from 2 to 3.

  QAllowable =
Qu

F.S.

These equations had to be calculated to find the bearing capacity for both a square and a circle 
pile for each boring log. That calculation were derived  as followed:

For boring log 1: 

Qu,Square = Qp + Qs = 56,862 lbs + 358,490.6 lbs = 415,352.6 lbs

QAllowable =
Qu

F.S.
=

415,352.6 lbs
3

= 138,450.87 lbs

The Q allowable for boring log 1 was calculated to be 138,450.87 pounds. This means the 
allowable structural column load can not surpass 138,450.87 lbs or failure will occur.

For boring log 2:

Qu,Square = Qp + Qs = 70,200 lbs + 287,850 lbs = 358,050 lbs

QAllowable =
Qu

F.S.
=

358,050 lbs
3

= 119,350 lbs

The Q allowable for boring log 2 was calculated to be 119,350  pounds. This means the 
allowable structural column load can not surpass 119,350 lbs or failure will occur.

For boring log 3:

Md Jobair Bin Alam
144250000000001819



Qu,Square = Qp + Qs = 84,240 lbs + 382,200 lbs = 466,440 lbs

QAllowable =
Qu

F.S.
=

466,440 lb
3

= 155,480 lbs

The Q allowable for boring log 3 was calculated to be 155,480 pounds. This means the allowable 
structural column load can not surpass 155,480 lbs or failure will occur.

For boring log 4;

Qu,Square = Qp + Qs = 81,432 lbs + 354,387.5 lbs = 435,819.5 lbs

QAllowable =
Qu

F.S.
=

435,819.5 lbs
3

= 145,273.17 lbs

The Q allowable for boring log 4 was calculated to be 145,273.17 pounds. This means the 
allowable structural column load can not surpass  145,273.17 lbs or failure will occur.

CONCLUSION 

Bearing capacity is the capacity of soil to support the loads applied to the ground.The bearing 

capacity ( Qu,) is calculated by adding the point bearing capacity ( Qp, ) and the friction bearing 

capacity ( Qs ).  The ultimate bearing capacity is the maximum load the soil can support with no 

https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Structural_load
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failure.The allowable bearing capacity is just the ultimate bearing capacity divided by a factor of 

safety. The test that was conducted was the Standard Penetration Test (SPT). The Standard 

Penetration Test is a testing method that is used to determine the geotechnical properties of 

subsurface soils. The test compared to others is inexpensive and can estimate the density and 

shear strength parameters of soil accurately. Using this, the approximate shear strength properties 

of the soils can be estimated for the project. During the project the given boring logs and 

capacity curves for both square and circular dimensions were calculated. Also the recommended 

allowable structural column loads that the pile can carry for all the borings for different pile 

section dimensions were calculated. For Design purposes we will choose the minimum of all Q 

allowables at 119,350 lbs. 

Md Jobair Bin Alam
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The attached technical report contains the detailed results of the bearing capacity of the soil. The

report contains an analysis and recommendation for the allowable bearing capacity of the soil.

This report consists of the introduction, soil analysis, the analysis and capacity curves of boring

logs from B-1 to  B-4 and conclusions and recommendations. If you have any questions or

concerns, please do not hesitate to contact us.

Sincerely,

Autumn Carter

Shadaria Lynch

Perla Zaldivar
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Introduction
The engineers that created this document were given a task to recommend a foundation type by

finding the allowable bearing capacity in the most economical way for both circular and square

section pile; by following budget constraints. With a condensed budget, piles will be driven to a

maximum of 20 feet depth for each boring log. The pile diameter for a circular pile cannot be

more than 15 inches and for a square section pile, the maximum cross-sectional dimensions

should not be more than 15’’ by 15’’.

The project's goal is to analyze the given boring logs to determine whether a circular or square

pile section will be economically cost efficient and use the minimum amount of concrete to

sustain long term foundation design. To meet all requirements, make general recommendations

to ensure the foundation is defended from any future failures.
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Chapter 1: Foundation Design

1.1 Foundation
The pile foundation can be a square or diameter per project guidelines. The selection depends on
which foundation will be economically friendly and use less concrete. The analysis of the soil is
an important factor in deciding the foundation. The boring log provides the description of the
soil, depth, number of blows and the laboratory results . These elements work together to define
the requirements for a long-term foundation design. The foundation design must also meet all
regulations to ensure that the foundation is safe from any potential failures.

1.2 Soil Profile
Based on all the boring logs the bearing capacity was calculated based on boring log B-3. The
boring log consists of fat clay, very dark gray from the zero depth to 5ft. From 5ft to 20ft the soil
was found to be clay of high plasticity, light brown. The soil has a water table of at 18.75 feet
depth, therefore consolidation of settlement can occur.

1.3 Ultimate Load Bearing Capacity
The Ultimate Load Bearing Capacity for a pile foundation can be found by,

Qu = Qp +Qs (1)

Where,

Qp = Load carrying capacity of the pile point

Qs = frictional resistance

The load carrying capacity can be found by,

Qp = N*ccuAp (2)

For saturated clays under undrained conditions (ɸ = 0) the equation can be written as,

Qp = 9cuAp (3)

cu = undrained cohesion of the soil

Ap = cross sectional area of pile tip
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The frictional resistance can be found by,

Qs = ∑ fpΔL (4)

f = unit friction resistance

p = perimeter of the pile section

ΔL = incremental pile length

For alpha method (ɑ) the skin resistance is,

f = ɑcu (5)

ɑ = adhesion factor

1.4 Allowable Bearing Capacity
The allowable bearing capacity is the load per unit area the foundation applies on the underlying
soil.

qall =qu/FS (6)

The Factor of Safety for shallow foundation ranges from the values 3 to 4. The factor of safety
taken into account was 3. The allowable bearing capacity for the square pile foundation was
found to be 50045 lb.The allowable bearing capacity for the circular  pile foundation was found
to be 39380lb.

1.5. Soil Analysis
The tables below display the analysis of the soil from each boring log using the alpha method.
The depth and SPT values were taken from each boring log. The undrained cohesion of the soil
(Cu) was found from the ranges displayed in Table 24 in the SPT handout on canvas. Alpha (a)
was found using Table 12.11 in ‘Principles of Foundation Engineering 9th ed.’ The load carrying
capacity of the pile point (Qp), frictional resistance (Qs), and ultimate load bearing capacity
(Qu), were also calculated in the tables. Sample calculations are displayed in Chapter 2 of the
report.
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Table 1a. Boring Log 1 Square

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 5 600 0.3 0.82 8424 0 8424

2.5 11 1600 0.8 0.54 22464 10800 33264

5 11 1600 0.8 0.54 22464 10800 33264

7.5 18 3200 1.6 0.38 44928 15200 60128

10 16 3200 1.6 0.38 44928 15200 60128

15 21 3200 1.6 0.38 44928 30400 75328

18.75 31 4000 2 0.35 56160 22800 78960

Table 1b. Boring Log 1 Circle

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 5 600 0.3 0.82 6642 0 6642

2.5 11 1600 0.8 0.54 17712 8488.8 26200.8

5 11 1600 0.8 0.54 17712 8488.8 26200.8

7.5 18 3200 1.6 0.38 35424 11947.2 47371.2

10 16 3200 1.6 0.38 35424 11947.2 47371.2

15 21 3200 1.6 0.38 35424 23894.4 59318.4

18.75 31 4000 2 0.35 44280 22401 66681

Table 2a. Boring Log 2 Square

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 5 750 0.375 0.82 10530 0 10530

2.5 9 1100 0.55 0.62 15444 6042 21486

5 12 1500 0.75 0.54 21060 7958 29018

7.5 15 2000 1 0.48 28080 9423 37503
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15 10 1300 0.65 0.62 18252 23757 42009

18.75 47 4000 2 0.35 56160 20633 76793

Table 2b. Boring Log 2 Circle

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 5 750 0.375 0.82 8302 0 8302

2.5 9 1100 0.55 0.62 12177 6701 18878

5 12 1500 0.75 0.54 16605 7958 24563

7.5 15 2000 1 0.48 22140 9432 31572

15 10 1300 0.65 0.62 14391 23756 38147

18.75 47 4000 2 0.35 44280 20632 64912

Table 3a. Boring Log 3  Square

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 6 750 0.375 0.82 10530 0 10530

2.5 13 1700 0.85 0.54 23868 11475 35343

5 17 2500 1.25 0.42 35100 13125 48225

7.5 14 1900 1.0 0.48 26676 11400 38076

10 13 1700 0.85 0.54 23868 11475 35343

15 11 1500 0.8 0.54 21060 20250 41310

18.75 58 4000 2 0.35 56160 26250 82410
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Table 3b. Boring Log 3 Circle

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 6 750 0.375 0.82 8302 0 8302

2.5 13 1700 0.85 0.54 18819 9019 27838

5 17 2500 1.25 0.42 27675 10316 37991

7.5 14 1900 0.95 0.48 21033 8960 29993

10 13 1700 0.85 0.54 18819 9019 27838

15 11 1500 0.75 0.54 16605 15916 32521

18.75 58 4000 2 0.35 44280 20632 64912

Table 4a. Boring Log 4  Square

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 6 750 0.375 0.82 10530 0 10530

2.5 14 1900 0.95 0.48 26676 8960 25636

5 15 2000 1 0.48 28080 9432 37512

7.5 16 3000 1.5 0.38 42120 11201 53321

15 18 3000 1.5 0.38 42120 33602 75722

18.5 53 4000 2 0.35 56160 20633 76793

Table 4b. Boring Log 4 Circle

Depth SPT Cu (psf) Cu/Pa a Qp (lb) Qs (lb) Qu (lb)

0 6 750 0.375 0.82 8302 0 8302

2.5 14 1900 0.95 0.48 21033 8960 29993

5 15 2000 1 0.48 22140 9432 31572

7.5 16 3000 1.5 0.38 33210 11201 44411

15 18 3000 1.5 0.38 33210 33602 66812
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18.5 53 4000 2 0.35 44280 20632 64912

The figures below display the capacity curves for a circle and square foundation corresponding
to each boring log.

Figure 1a. Capacity Curve Boring Log 1 Square

Figure 1b. Capacity Curve Boring Log 1 Circle
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Figure 2a. Capacity Curve Boring Log 2 Square

Figure 2b. Capacity Curve Boring Log 2 Circle
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Figure 3a. Capacity Curve Boring Log 3 Square

Figure 3b. Capacity Curve Boring Log 3 Circle
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Figure 4a. Capacity Curve Boring Log 4 Square

Figure 4b. Capacity Curve Boring Log 4 Circle
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Chapter 2 Conclusion & Recommendations

2.1 Conclusion
Calculations were done using Meyerhof ultimate load carrying capacity equation for pile
foundations, the alpha method was used. Based on our calculations, it is recommended that the
circle pile foundation should be used since it is the most economically efficient foundation.
Boring log 3, compared to others, was used to calculate the allowable bearing capacity based on
its soil conditions. The allowable bearing capacity for the circle foundation was found to be
39380 lb, with a concrete volume of 24.54 cubic ft.
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Calculations
Square Pile Given
Qu = Qp + Qs                                                   Ap = 1.56ft2

Qu = 9*Cu*Ap + f*p*ΔL
Qu = 56160 + 93975
Qu = 150135 lb
Qall = 𝑄𝑢

𝐹𝑆 

Qall = = 50045 lb150135 𝑙𝑏
3

Find the volume
V = l*w*h
V = (1.56 ft)(1.56 ft)(20 ft)
V= 48.672 ft3

Circle Pile Given
Qu = Qp + Qs                                                        Ap = 1.23ft2

Qu = 9*Cu*Ap + f*p*ΔL                                r= = 7.5in( ) = 0.625in.15𝑖𝑛
2

1𝑓𝑡
12𝑖𝑛

Qu = 44280 +73862
Qu = 118142 lb
Qall = 𝑄𝑢

𝐹𝑆 

Qall = = 39380 lb118142 𝑙𝑏
3

Find the volume
V = πr2h
V = π*(0.625)2*20ft
V= 24.54ft3
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Abstract
In the following report, we were told to proportion the pile dimension and calculate the

permissible bearing capacity in the most cost-effective way for both circular and square section

piles based on the given condition and soil parameters. We used a factor of safety of 3. We also

created capacity curves and recommend the maximum structural column loads that a pile can

support for all borings and pile section dimensions. For boring hole number 1 it was determined

that the allowable capacity would be 53.1 kips for a square pile and 41.8 kips for a circle pile.

For boring hole number 2 it was determined that the allowable capacity would be 46.3 kips for a

square pile and 36.4 kips for a circle pile. For boring hole number 3 it was determined that the

allowable capacity would be 43.28 kips for a square pile and 57.7 kips for a circle pile. For

boring hole number 4 it was determined that the allowable bearing capacity would be 45.24 kip

for a circle pile and 57.62 kip for a square pile. All of the relevant soil parameters are included in

the soil boring logs for a project.
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Introduction

For this project we were asked to estimate the bearing capacity of the soil in order to

consider a foundation system. This report includes four test borings to depths of approximately

20 feet below and contains fat clay and lean clay of different moisture contents, liquid limits,

plastic limits and plasticity limit. With every 5 foot increment, there are SPT number of blows.

Our group utilized the provided information found in each boring log to calculate the strength of

each soil sample and create the total capacity curve allowing us to determine whether the soil

contained the proper strength to support the required structure. Due to financial constraints, piles

will only be driven up to 20 feet. Additionally, the pile diameter (for circular piles) must not

exceed 15 inches, and the maximum cross-sectional dimension for square section piles must not

exceed 15 in. by 15 in.
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Boring Logs
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Discussion
The imposed column load is normally carried by piles through skin friction along the pile

shaft and bearing capacity at the pile point (or tip). The ultimate shaft resistance and ultimate

point resistance are indicated by and , respectively, when the pile is carrying the ultimate𝑄
𝑠

𝑄
𝑝

load . From a standpoint of equilibrium,𝑄
𝑢

𝑄
𝑢
= 𝑄

𝑝
+ 𝑄

𝑠

Point bearing piles (also known as end bearing piles) and friction piles, both of which are

addressed, are two extreme instances. Because the full load is expected to be passed through the

point in point bearing piles, . With , the full weight is expected to be passed via𝑄
𝑠
≈ 0 𝑄

𝑝
≈ 0

the pile shaft via friction or adhesion in friction piles.

For point bearing piles, pile foundations can be employed in circumstances when the soil

near the ground surface is poor and cannot sustain shallow foundations. It is possible to drive

piles through weak soil and transfer the weight to the underlying stiff stratum, especially when

bedrock or a stiff stratum (e.g., stiff clay or dense sand) is present at relatively shallow depths.

By expanding the pile a few meters, it can plug into the rigid stratum.

Alternatively, friction piles are used when there is no strong stratum within an acceptable

depth. The shaft resistance, which originates from skin friction or adhesion, must be relied on in

this case. At this stage, resistance is no longer a factor.

Due to the presence of various variables that cannot simply be defined, measuring the

frictional (or skin) resistance of piles in clay is just as difficult as estimating it in sand. In the

literature, there are several ways for calculating pile unit frictional resistance. We employed the

Alpha technique in our report.

The unit skin resistance is written as,

𝑓 = α𝐶
𝑢

where 𝛂 is an empirical adhesion factor that ranges from 0-1, decreasing with the

undrained shear strength, . Overconsolidated clays have a higher content and, as a result, a𝐶
𝑢

𝐶
𝑢

lower 𝛂. However, due to overburden stress, clay deposits at great depths can be cemented and

have a high content. Despite the greater , 𝛂 can still be closer to unity.𝐶
𝑢

𝐶
𝑢
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Table 12.11 in our Principles of Foundation Engineering, 9th Edition textbook shows the

estimated fluctuation of the value of 𝛂. Because 𝛂 is a function of vertical effective stress and

undrained cohesion, the values of 𝛂 in Table 12.11 may vary slightly. The ultimate side

resistance can thus be given as,

𝑄
𝑠
= Σ𝑓𝑝∆𝐿 = Σα𝐶

𝑢
𝑝∆𝐿

Where, p is perimeter and is the change in length.∆𝐿

The net ultimate load for piles in saturated clays under undrained conditions ( ) canϕ = 0

be written as,

𝑄
𝑝
= 9𝐶

𝑢
𝐴
𝑝

Where, is the undrained cohesiveness of the soil beneath the pile's base.𝐶
𝑢
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Conclusion

In conclusion, the third boring log had the highest capacity and as a result was the

strongest soil out of the samples that were tested. The target of this project was to collect data

and use the provided boring logs to determine the Q ultimate and Q allowable of each soil

sample collected from the field and to decide whether a square or circular pile could carry the

most capacity. We are a group who demonstrated our knowledge of SPT blow count testing,

using the alpha method, calculating the Qp and Qs and creating a capacity curve to find the

strength of soil as well as a result, ensure soil that will be built on will be strong enough to bear

the load the soil is designed to carry.
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Capacity Curve (s)

Capacity Curve (Square Pile)

Capacity Curve (Circular Pile)
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Appendix

Boring Hole #4

Soil Type Depth
(ft)

Unit Weight
(pcf)

Saturated
Unit Weight

(pcf)

SPT (N) Cu=c (psf) (Cu/Pa)

Fat Clay (CH) 5 129.96 - 14.00 1857.16 0.93

Fat Clay (CH) 2.5 126.93 - 15.00 2000.00 1.00

Lean Clay (CL) 6.5 108.39 - 16.00 2133.33 1.07

Saturated Lean
Clay (CL)

4.5 - 128.80 18.00 2400.00 1.20

Saturated Fat
Clay (CH)

1.5 - 131.70 53.00 5000.00 2.50

20

Table. 1: SPT and Cohesion Uniformity

Circle Square

Depth (ft) ∆L (ft) α Cu (psf) Qs=∆LαCuP
(lb)

Qs=∆LαCuP
(kip)

Qs=∆LαCuP
(lb)

Qs=∆LαCuP
(kip)

0-5 5 0.5 1857.16 18223.38 18.22 23214.50 23.21

5-7.5 2.5 0.48 2000 9420.00 9.42 12000.00 12.00

7.5-14 6.5 0.46 2133.33 25036.23 25.04 31893.28 31.89

14-18.5 4.5 0.42 2400 17803.80 17.80 22680.00 22.68

18.5-20 1.5 0.34 5000 10008.75 10.01 12750.00 12.75

Table. 2: Ultimate Side Resistance
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Circle Square

Qs= 80.49 Qs= 102.54

Qp= 55.22 Qp= 70.31

Qu= 135.71 Qu= 172.85

Qall= 45.24 Qall= 57.62

Table. 3: Results for Allowable Bearing Capacity
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Calculations for Boring Log #1
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Calculation for Boring Log #2
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Calculations for Boring Log #3
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Calculations for Boring Log #4
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CVEG 4100 – Geotechnical Engineering Design                                                                           
Mid Term Exam, Fall 2021 
(Time: 1.50 hours)                                                    

1 
 

NAME: ………………………………………………………………………………………..…..…...…. Student ID: …………….…..…..……….…… 

 

POLICY TO ERADICATE CHEATING (PROTECT INTEGRITY OF EXAMS) 

Cheating is unprofessional, unethical and is antithetical to our core value of "Excellence in Civil Engineering 
Education,” and WILL NOT BE TOLERATED at any level. To combat this serious problem, the Civil & Environmental 
Engineering (CEE) Department has adopted the following rules to eradicate cheating. 
• If a student cheats on a test/assignment, the student shall receive an automatic zero for the test/assignment.  
• A student who has been determined to have cheated in a course will IMMEDIATELY relinquish his/her 
leadership position in any of the department’s professional organizations. 
• If a student cheats multiple times in a course, the student will receive a grade of “F” for the course. 
• The calculators allowed for use in exams is restricted to the latest FE-approved calculators. For the latest 
NCEES FE approved calculators visit ncees.org or https://ncees.org/exams/calculator/   
[This NCEES policy protects the integrity of NCEES exams and has been adopted to do likewise for department’s 
exams.] 
 

EXAM GUIDELINES  

1) All cellphones/smartwatches MUST be placed in a book bags during exams and turned off. Book bags MUST 
be placed in front of the classroom and away from students. Students without a book bag must place 
cellphone/smartwatch (turned off) on Instructor’s desk – no exceptions 
2) Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic 
zero for the test/assignment.  This is cheating. 
3) Calculator covers are DISALLOWED during tests and must be placed in students' book bags during exams. 
4) There shall be NO SHARING of resources during the exam 
5) Restroom Visit: if you need to use the restroom, do so before opening the exam. Once the exam begins, you 
must submit your work to the instructor if you leave the classroom to visit the rest room (your exam terminates). 
 

 

 

 

 

 

 

 

 



CVEG 4100 – Geotechnical Engineering Design                                                                           
Mid Term Exam, Fall 2021 
(Time: 1.50 hours)                                                    

2 
 

Problem 1 (15 pts) 

Two isolated square footings (size: 3m x 3m) at the end of a building are subjected to the loading as indicated in 
Figure 1. The soil profile consists of 4m thick sand layer, which is underlain by a 3m thick firm clay deposit. A rigid 
permeable rock layer is present below the clay deposit. The ground water table is located 0.5 m below the footing.  

Determine: 
1) Determine the stress at the footing level (For both footing) for this loading condition. (10 pts) 
2) Justify which of the foundations is likely to settle most under this existing condition. (5 pts) 

 

 

Figure 1 

 

 

 

 

 

 

 

 

 

 

Footing A 
Vertical Load, Q = 500 KN 
Moment, M = 0 kN-m 

Footing B 
Vertical Load, Q = 400 KN 
Moment, M = 180 kN-m 
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Problem 2 (15 pts) 

There is a tunnel 12 m below ground surface. A water tank foundation is planned to be constructed on the ground 
surface at the location as shown in Figure 2 (Plan view). The 18 m diameter water tank will impose 70 kPa stress 
(Including tank self-weight plus water pressure) on the ground surface. What will be the stress increase due to the 
tank construction at point C, at the tunnel level that is 12 m below ground surface?  

Use graphical method to find stress increase 

 

 

Figure 2 

 

 

 

 

 

 

 

 

 

 

 

Section Plan 

3 m C 

C 
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Problem 3 (10 pts) 

What is the Rock Quality Designation (RQD) for the following core sample as shown in Figure 3, and qualify the rock? 

 

Figure 3 

 

 

 

 

 

 

 

 

 

 

35 cm 

55 cm 

Note: 1 inch = 2.54 cm 
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Problem 4 (20 pts) 

A square footing in Figure 4 of size 6 m × 6 m is founded at a depth of 3m in a clayey sand stratum of uniform 
consistency. The soil parameters of the soil layer are shown in the figure. Assuming a factor safety of 3, determine 
the allowable bearing capacity of the soil.  

 

Figure 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ϒ = 18.5 kN/m3 

ϒsat = 20.0 kN/m3 
C = 200 kPa 
Ф = 30o 
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Problem 5 (30 pts) 

Figure 5 shows a section of a foundation supporting a square footing of an industrial building. The column of the 
footing supports 375-kip load as shown in Figure 5. The dimension of the square footing is 5 ft. × 5 ft. The soil profile 
is also shown in the figure. The water table is at the base of the foundation. Consolidation test results of the soil from 
the clay layer are given below.   

Preconsolidation Pressure, σc = 1368.6 psf 
Compression Index, Cc = 0.396 
Swelling Index, Cs = 0.04 
Initial Void Ratio, eo = 0.8 
Calculate the primary consolidation settlement of the square footing (@center) due to the given loading condition of 
the 5 ft. × 5 ft. square footing. Determine stress increase using m&n method (Boussinesq Case) 

 
Figure 5 

 

 

 

 

 

ϒ = 115 pcf 

ϒsat = 116 pcf 

ϒsat = 110 pcf 

15 feet thick clay layer 



CVEG 4100 – Geotechnical Engineering Design                                                                           
Mid Term Exam, Fall 2021 
(Time: 1.50 hours)                                                    

12 
 

Problem 6 (10 pts) 

Determine the SPT blow count number (N value) for the following boring log. Write your answer in the log as shown.  

 

SPT 
(N) 
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NAME: ………………………………………………………………………………………..…..…...…. Student ID: …………….…..…..……….…… 

 

POLICY TO ERADICATE CHEATING (PROTECT INTEGRITY OF EXAMS) 

Cheating is unprofessional, unethical and is antithetical to our core value of "Excellence in Civil Engineering 
Education,” and WILL NOT BE TOLERATED at any level. To combat this serious problem, the Civil & Environmental 
Engineering (CEE) Department has adopted the following rules to eradicate cheating. 
• If a student cheats on a test/assignment, the student shall receive an automatic zero for the test/assignment.  
• A student who has been determined to have cheated in a course will IMMEDIATELY relinquish his/her 
leadership position in any of the department’s professional organizations. 
• If a student cheats multiple times in a course, the student will receive a grade of “F” for the course. 
• The calculators allowed for use in exams is restricted to the latest FE-approved calculators. For the latest 
NCEES FE approved calculators visit ncees.org or https://ncees.org/exams/calculator/   
[This NCEES policy protects the integrity of NCEES exams and has been adopted to do likewise for department’s 
exams.] 
 

EXAM GUIDELINES  

1) All cellphones/smartwatches MUST be placed in a book bags during exams and turned off. Book bags MUST 
be placed in front of the classroom and away from students. Students without a book bag must place 
cellphone/smartwatch (turned off) on Instructor’s desk – no exceptions 
2) Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic 
zero for the test/assignment.  This is cheating. 
3) Calculator covers are DISALLOWED during tests and must be placed in students' book bags during exams. 
4) There shall be NO SHARING of resources during the exam 
5) Restroom Visit: if you need to use the restroom, do so before opening the exam. Once the exam begins, you 
must submit your work to the instructor if you leave the classroom to visit the rest room (your exam terminates). 
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Problem 1 (20 pts) 

A precast concrete pile of size 20 inch diameter is to be driven into stiff clay which extends more than 150 ft. The 
unconfined compressive strength of the soil is 6 ksf as shown in Figure 1. Assume factor of safety 2.5. 

(a) Determine the length of the pile required to carry the working load of 200 kips (10 pts). Use α Method 

 

                                                                                                            Figure 1 
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(b) If the maximum length of the pile is allowed to be 100 ft, what would be the required diameter of the pile to carry 
200 kips load (10 pts).  
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Problem 2 (20 pts) 

The section of a landfill slope is shown in Figure 2. The average strength values of the waste is c = 85.6 psf and Φ = 
17o. The average unit weight of the waste is 75 pcf. Using the ordinary method of slices, fill up Table 1 (Next page) 
and compute the factor of safety along the slip surface shown in the figure. Show detail calculation in finding W.  

 

Figure 2 
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 Table 1: Design Table 

Slice Number W (lb) α  Wsinα (lb) Wcosα (lb) l (ft) 

1   -18     11 

2 10106.25 -7     10 

3 15262.5 8     12 

4   24     14 

5 14850 38     12 

6 9000 53     13 

7   67     10 
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Problem 3 (20 pts) 

Determine the active pressure on the retaining wall as shown in Figure 3. The soil properties are shown in the figure. 
Draw the pressure diagram showing pressure values (10 pts). Also, determine the location of the resultant force from 
the bottom of the wall (10 pts). Show detail calculation. 

 
                                        Figure 3 
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Problem 4 (10 pts) 

A 6 m high retaining wall is to support a purely cohesive soil with unit weight 18 kN/m3, soil cohesion is 15 kN/m2. 
Determine the depth of tensile crack that will potentially form for this case. Also, determine the maximum depth of 
vertical cut without any earth retaining structure. Show schematic diagram showing the wall, the soil pressure 
diagram showing depth of tensile crack, and max depth of vertical cut for this case as shown in the class.  
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Problem 5 (10 pts) 

A natural infinite slope consists of purely sandy soil with height 20 m. The slope is fully submerged under water with 
saturated unit weight of 19 kN/m3 and friction angle 30o. How will the height of the slope affect the design of this 
slope? In critical condition, what would be the inclination angle of the slope?  
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Problem 6 (20 pts) 

A flow net under a concrete dam is shown in Figure 4. From the given flow net, find out the following. 

(a) total number of flow lines (2 pts) 
(b) total number of equipotential lines (2 pts) 
(c) number of flow channels (2 pts) 
(d) total number of equipotential drop (2 pts) 
(e) pressure head (hp) at point A (12 pts) 

 
Figure 4 
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