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DEPARTMENT OF CIVIL ENGINEERING
CVEG 4100 GEOTECHNICAL ENGINEERING DESIGN LAB
Fall 2021

COURSE DESCRIPTION IN ABET FORMAT

ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
Program Outcomes Assessed in Course

Assessment Summary of Class Semester Averages for Qutcomes

End of Semester Course Outcomes Assessment Reports

TESTS

Summary of Topics covered by Test

Original Test Questions & Master Solution/grading scheme used

(Summary of topics can be a separate page or include on the assignment itself)
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

1. QUIZZES
Summary of Topics covered by Quiz
Original Quiz Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

IV. HOMEWORK ASSIGNMENTS
Summary of Topics covered by Homework
Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

LABORATORY REPORTS

Summary of Topics covered by lab

Laboratory Handout/Instructions and Grading Scheme
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

VI. PROJECT
Summary of Topics Covered by Project
Project Problem Statement and Grading Scheme
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

(Note: All Pages shown in Yellow should be printed on YELLOW PAPER)




One or Two-Page Course Description
in ABET Format (Format provided below)



Course Designation

[. COURSE DESCRIPTION IN ABET FORMAT

CIVIL ENGINEERING DEPARTMENT
CVEG 4100 GEOTECHNICAL ENGINEERING DESIGN LAB

Required Course

2020-21 Catalog Data CVEG 4100. Geotechnical Engineering Lab. 1 Credit. Subsoil Exploration method and report,

Prerequisites
Corequisite

Textbook

References
Main Instructor

Course Objectives

Topics Covered

Class Schedule

Contribution
to Professional
Component

Program Objectives
Covered by Course

Program Outcomes
Covered by Course

Program Outcomes

Measured by Course

01NN AW~

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.

CVEG 3300

N/A

1. Principles of Foundation Engineering, 9th Edition
Braja M. Das and N. Sivakugan, Cengage Learning

USACE and NAVFAC Manuals
Assistant Professor Md Jobair Bin Alam, Civil Engineering

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.

. Sub-soil Exploration

. Standard Penetration Test

. Shallow Foundation Design

. Settlement Calculation for Shallow Foundation

. Potential Vertical Rise (PVR)

. Mat Foundation

. Deep Foundation

. Lateral Earth Pressure and Slope Stability
Lecture: 1 three-hour session per week

Mathematics 0 Credits

Engineering Science 1 Credits

General Education Requirements 0 Credits

Major design Experience 1 Credits

Program objectives 7

Program Outcomes 7

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



IT 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

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.

Comments on Data

*Expected Semester Class Average = 75%



End of Semester Course Assessment Reports
Fall 2021

Each summary contains the following Information

1. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course outcome assessed
in this class.

e The acceptable class average for the class in each outcome area as set by your
department.

e Percentage of students who scored below the expected average in each
outcome.

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

3. Perceived Problems
e 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
e 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

e Instructors’ summary of overall performance trend for each outcome
measured over the last three periods.

6. Were Expectations Met?
e 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

Outcome 7
Number of Students | An ability to acquire and apply new knowledge as needed
Semester Analysis Type using appropriate learning strategies.
Expected Expected % Students
Class Percent of Class Average meeting
Average/ students at or Expected
above average 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
engineering report to better present their technical work.

technical

Overall Trend over Periods

Ascertain if there were improvements
over previous semesters

D ——

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

Page T1




GEOTECHNICAL ENGINEERING DESIGN LAB
FALL 2021

SAMPLE ASSIGNMENT QUESTIONS

Page T2




CVEG 4021: Geotechnical Engineering Design

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.

Y111 BORING LOG
=J=li '.l= PROJECT NO.. STR 24545 TESTHOLE: B-2
J1111r INVOICE NO.: 501512 SHEETNUMBER: 1 _of 1
IEEEEEN PROJECT: New 417-Foot Tower - SARCO Site DATE STARTED: 3/21/2019
EEEEEEN DATE FINISHED: 321/2019
TERRA LOCATION: 16207 US 183 Goliad, Texas 77963 DRILLER: Leo K.
CLIENT: Uniti Towers LOGGER: JasonW.
(e FUTF CONTACT: Mr. John Feltan REVIEWED BY: Dr. Alam
DRILL RIG: CME 75 TEST HOLE DIAMETER jin): 8 GROLIND WATER ﬂTT"ER
DRILLING METHOD:  Hollow Stem Auger TOTAL DEPTH (f): 20 DATE TIME DEPTH i) | REMARKS
TYPE/ | CASING|SPUT SPOON| SHELEY TUBE| TGP | GRAB rocKCORE | a21/2010 Dry
SYMBOL| Moz | S[9 Ul TR |6 cil
FIELD RESULTS LABORATORY RESULTS
k-3
SPT, _ " ) w
& #oiBlows |Z & 3 i 4
& & Z DESCRIPTION wE o A
el - o £z| FluF|lof|g s
e w T D—E O == >|j= == =
Rl | u|2|5g|e |k oL (S oelol BE| R
AR R 23|33|33|22|=§| 2
Ty 3 y I3 [ 18 | &
'.,_ . 5 . % Clayey sand (SC), brown . 28
\ %
s |7 |12 ; 128| 40 | 15 | 25
1Y
] & 7| 12 / Zandy kean clay with gravel (CL). light gray 10.4 3.3
Y
\_ 4 | 2|14 ? 13.2| 42 | 14 | 28
|5 |2]|@ % Clayey sand (SC), tannish gray 12.0 46.0
IimERERRE FITT 130
\ l 1| Silty sand {SM). tannish gray
] Bottom of Borehole at 20 feat

Figure: 1

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



CVEG 4021: Geotechnical Engineering Design

Problem 2
For a continuous foundation, the following are given:
a. B =4ft, D, = 3 ft,y = 1101b/ft>, ¢’ = 25°, ¢’ = 600 Ib/ft?
b.B=2m,Df =1m,y = 17kN/m? ¢' = 30° ¢’ =0
Use Terzaghi’s equation and a factor of safety of 4 to determine the gross al-

lowable vertical load-bearing capacity. Assume that general shear failure oc-
curs in soil.

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.

Q=2000 kN

Soit properties:
, =20 kN/m?*
Figure: 2 g = 36°

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

¢ =35°

¢ =30 kN/m?*

Figure: 3

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



ABOVE AVERAGE
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Prairie View A&M University
Roy G. Perry College of Engineering
Civil & Environmental Engineering Department

CVEG 4100: Geotechnical Engineering Design
Section: P81
Course Number: 17736
Title: Homework # 1

Submitted By: Abram Auguste (Roster# 1)

Submitted To: Dr. Alam, Md Jobair Bin Ph.D., P.E.

Issue Date: September 7, 2021
Due Date: September 15, 20201 NLT 10:00 a.m.
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CVEG 4021: Geotechnical Engineering Design

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.

ORING LOG
PROJECT NO.: sm82454Rs N TEST HOLE: B-2
INVOICE NO.: 501512 SHEET NUMBER: 1_of 1
PROJECT: New 417-Foot Tower - SARCO Site DATE STARTED: 321/2019
DATE FINISHED: 3/21/2019
LOCATION: 16207 US 183 Goliad, Texas 77963 DRILLER: Leo K.
CLIENT: Uniti Towers LOGGER: JasonW.
CONTACT: Mr. John Feltan REVIEWED BY: Dr. Alam
DRILL RIG: CME 75 TEST HOLE DIAMETER (iny 8 GROUND WAm‘?vT.';R
DRILLING METHOD:  Hollow Stem Auger TOTAL DEPTH (R): 20 DATE TIME DEPTH @) | REMARKS
TYPE, |CASING|SPLT SPOON|SHELBY TUBE| TC2 | GRAB ROCKCORE | 272172019 Dry
SYMBOL|more | S[N vl TR [clX cll
FIELD RESULTS LABORATORY RESULTS
& SPT, ] g A E
z -
ol |20t Bouctiy g DESCRIPTION wE Egl2 | 2
z |y B |E 35| 2|2El2klg,| &,
E1Rlg|n | (Belss 2 22|35 (251359| 56
81333 ¢|[Re|zE[ & 25|82|23|32|<8| 2¢
T i 1 3 ? TZ[4 [ 14| 7
% Clayey sand (SC), brosn
aal(ad| e % 140 428
128 40 [ 15| 25
5 4 L d
8 7.1 12 Sandy lean clay with gravel (CL). light gray 104 533

|l A T e |

107

Clayey sand (SC). tannish gray 120 480

=

a0
Sitty sand (SM). tannish gray

X Bottom of Borehole at 20 feet

Figure: 1

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




CVEG 4021: Geotechnical Engineering Design

Problem 2

For a continuous foundation, the following are given:

a. B =4ft, Dy = 3 ft,y = 110 Ib/ft’, ¢’ = 25° ¢’ = 600 Ib/ft?

b. B=2m,Df =1m,y = 17kN/m? ¢' = 30°, ¢’ = 0

Use Terzaghi’s equation and a factor of safety of 4 to determine the gross al-

lowable vertical load-bearing capacity. Assume that general shear failure oc-
curs in soil.

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.

Q=2000 kN

Sol properties:
] T=80 i/m®
Figure: 2 ¢y = 86°

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/m?® and saturated unit weight of the soil (below water table) is 18.5 KN/ m’.

¢ =35°
¢ =30 kN/m?

Figure: 3

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

Prairie View A&M University @ 6

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
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soil description means is the soil loose, stiff, soft based on SPT
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check nearing capacity factor values!

Md Jobair Bin Alam
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check calculations
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Civil Engineering Department

CVEG 4100- Geotechnical Engineering
Design

Homework #1
Shadaria Lynch
Date Given: 9/8/21

Date Due: 9/15/21
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soil description - loose soil, or stiff soil or etc.? (-5)
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this problem has 2 parts a and b! (-15)
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use table to find values. no need to calculate.
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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
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GEOTECHNICAL ENGINEERING DESIGN LAB
FALL 2021

SAMPLE ASSIGNMENT QUESTIONS
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CVEG 4100: Geotechnical Engineering Design

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.

Plan

20m

A
v

Section
Center, C

Ground Surface . .Ground Surface

z

Figure: 1

Problem 2

A rectangular concrete slab, 10ft x 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).

|
|
i
15 ft loA %8B
| 751
|
4 ; oC
; 10 ft | 5ft —
Plan !
|
|
— j— | — — i ___________
T ShL
}
10 ft !
Soil
[
E
e s ) e 1
Section
Figure: 2

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



CVEG 4100: Geotechnical Engineering Design

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

580 kN
RV EEN A AR AT A o e
[.2m
y = 17.29 kN/m?
3.0
v o WT
y = 18.86 Soft clay
wy = 50%
3 Wy = 296'}';
G, = 2.65
Figure: 3

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



CVEG 4100: Geotechnical Engineering Design

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.

Q = 1500 kips

!

""""""""" ﬁ T‘Is A S
| |
Sand &
Y =17 KN/m?®
A
Ciayey Silt . s f ,
C,=0.25 Ymgist = 15.8 KN/m 15 45’
e,=0.90 A 4 v
Yyur = 16.85 KN/m’ (Normally Consolidated)

Figure: 4

Prairie View A&M University
Department of Civil & Environmental Engineering
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CIVIL ENCGINEERING DEPARTMERMT

CVES 4108- Geotechuical Engimeerimg Design
Homework #2

Shadaria Lymeh
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CIVIL ENGINEERING DEPARTMENT
PRAIRIE VIEW A&M UNIVERSITY

CVEG 4100 P81 GEOTECHNICAL ENGINEERING
DESIGN

Homework #2
Perla Zaldivar (#10)
Given: September 22, 2021

Due: September 28, 2021
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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
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GEOTECHNICAL ENGINEERING DESIGN LAB
FALL 2021

SAMPLE ASSIGNMENT QUESTIONS
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CVEG 4021: Geotechnical Engineering Design

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. Ysat=16.7 KN/m3
Layer 2: Medium stiff, thickness = 6 m, cohesion ¢y = 50 KN/m2. Ysat=17 KN/m?3
Layer 3: Stiff stratum extends to a great depth, cohesion cu = 105 kN/m2. Ysat=18 KN/m3.

Determine the ultimate bearing capacity of the pile (Qu). Determine Qs using Lamda method.

T

= . 2
Soft clay
Layer | & =130 KN/m?
&L’ = 8 m
| ’ f—— 45 cm
[ ]
Medium stiff clay
Layer 2
’ ¢, = 50 kN/m?
Mz = 6‘ m
Y
AL, 2m Layer3 Stiff clay &, = 105 kKN/m’

Figure: 1

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



CVEG 4021: Geotechnical Engineering Design

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.

Q pesign = 30 tons

l

TRy || TR AT AN
|
1
L="

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

F bend

—"l ‘*‘- 12 in. Diameter

Figure: 2
Problem 4

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

-9
Q Design = -

o
WWW;W'L N

LA
RS- S Py S
i e .f B Groundwater Table
| 6m Dense Saad
CRSC Sand
20 m y = 2045 kN/m”
‘ =37
l L K =090

e
> }‘4 0.5 m Duaeter

Figure: 3

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




ABOVE AVERAGE



Prairie View A&M University

Roy G. Perry College of Engineering @ :
Civil & Environmental Engineering Department P
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Title: Homework # 3
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CVEG 4021: Geotechnical Engineering Design

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 Iayers are nomally

consolidated clay.

Layer 1: Soft clay, thickness = 8 m, cohesion cu = 30 kN/m2. Ysat=16.7 KN/m?
Layer 2: Medium stiff, thickness = 6 m, cohesion cu = 50 kN/m2. Ysar=17 KN/m3
Layer 3: Stiff stratum extends to a great depth, cohesion cu = 105 kN/m?2. Ysa=18 KN/m3.

Determine the ultimate bearing capacity of the pile {Qu). Determine Qs using Lamda method.

‘f

rm‘

|

1]

=

Soft clay

= 30 kN/m?

x = \L~-"' k”/mg

St

—45¢cm = O-MSm

Layer 2
ALZ =6m

2m Layer3

Medium stiff clay
&, = 50 kN/m?

fuy s 1% Nz s

Stiff clay ¢, = 105 kN/m?

T = V€ 70

Figure; 1

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



CVEG 4021: Geotechnical Engineering Design

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.

2 feuge = 30 tons

l

l Clay
Unconfined Compression Strength, qu= 4800 psf
Y = 126 pcf

-"_-'I 1‘— }in. Diaeacter
Figure: 2
Problem 4

Determine the design capacity of the concrete pile shown in Figure 3 for a factor of safety of 2.
Q Dusign = ?
l SRR NSRS N VU » 2 U

i -f Groundwater Tuble
| 6m Dense Sand
nse Sand
20 m v = 2045 WN/m'
ERYE

K =080

._.‘__._*___
—

> r-'l- €.5 m Dinetet

Figure: 3

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

CVEG 4100-P01 Geotechnical Engineering Design

Homework 3
Due: Wednesday November 3, 2021
Submitted By: Nathaniel Smith

Submitted to: Dr. Alam
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CIVIL ENGINEERING DEPARTMENT

CVEG 4100- Geotechnical Design
Homework #3
November 3, 2021
Shadaria Lynch
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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

Page L2




CVEG 4021 Geotechnical Engineering Design
Project - Shallow Foundation Design

Design Project

Initial information search or review:

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.
Ground water table location (if any).
Detail soil information and design soil parameters.
Design the foundation for both bearing capacity and settlement consideration.

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.

2
3.
4.
5

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., AM.,ASCE
Assistant Professor

Department of Civil & Environmental Engineering
Roy G. Perry College of Engineering

P.0. Box 519, Mail Stop 2510

SR Collins Building, Suite 312

Prairie View A&M University

Prairie View, TX 77446

Dr. Alam,

Please prepare for us a written proposal to perform a comprehensive geotechnical investigation
and to prepare a written report of your analysis and recommendations for the building foundation
and parking cross section for this project. BGR Architects would like to receive your proposal to
perform the testing and prepare the report as soon as possible. We will work with Jim Melton at
BGR to review the proposal and approve it if it is acceptable. We hope to get your proposal
approved quickly after we receive it and that you would be able to start the geotechnical
investigation and have the completed report in our office as soon as possible. The geotechnical
investigation shall determine:

1. Physical characteristics of the soils including depth, thickness, and composition of each
soil and rock stratum.

2. Depth, thickness, and composition of old excavation or fill materials, if present.

3. The elevation of ground water and whether dewatering is required.

4. The engineering properties of the soil and rock strata that affect the performance of the
building structure.



The geotechnical report should include, but not necessarily be limited to, the following:

1. General description of the site and a plot plan locating borings and any outstanding

surface features such as rock outcroppings.

Log of borings, including ground water levels and rock surface features.

Field and laboratory test data.

Classification of soil strata at the surface, underlying the surface, and at the various

recommended bearing levels.

Recommended foundation type (spread footings or drilled piers).

Recommended allowable bearing capacities (depending on the type of foundation

recommended) for isolated footings, continuous footings, or drilled piers. Allowable

bearing values shall be indicated as net values.

7. Recommended bearing depths (depending on the type of footing recommended) for
isolated footings, continuous footings, or drilled piers.

8.  Recommended minimum sizes (depending on the type of footing recommended) for
isolated footings, continuous footings, or drilled piers.

9.  Recommended allowable horizontal bearing values for drilled piers.

10.  Recommendations for excavation, including evaluation of any difficulties that might be
expected with the excavation operation, such as dewatering. Provide recommendations

AownN

oo

regarding the feasibility of using drilled, cast-in-place concrete piers. Where rock is
present, recommendations regarding need for ripping or blasting shall be provided.

11.  Recommendations for structural fill materials including anticipated depths of undercut,
depth of fill required, type of materials to be used for structural fill, if the existing onsite
soils could be used in various types of compacted fills, and the amount of compaction
required.

12.  Recommendations for paving parking areas and light and heavy duty traffic areas.
Include thickness and types of materials for the top wearing surface, base course, and
sub-base, as well as subgrade preparation, compaction requirements, CBR values and
other appropriate design data.

A site plan for this project showing the location of the new buildings is included with this request
for proposal. The site plan indicates the locations of 12 soil borings located under the proposed
buildings and each soil boring shall be a minimum of 20'-0" deep. These soil borings shall be used
to determine recommendations for the building foundations. The buildings will be constructed with
a conventional steel framed building structural system. The maximum column loads under the
columns will be approximately 50 kips. We anticipate the foundations will consist of continuous
footings around the perimeter of the building and spread footings under isolated steel columns.
The site plan also indicates the location of 4 soil borings under the proposed parking areas. These
soil borings shall be a minimum of 5'-0" deep. These soil borings shall be used to determine
paving recommendations.

Sincerely,

Mr. Jim Melton, A.l.A.
BGR Architects, INC.
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BORING LOG

| R |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-1
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/11/2019
EEEEEEN DATE FINISHED: 7/11/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:\TI'I.I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/11/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
3+
= SPT, . o W
m # of Blows |Z o) S |
di & - DESCRIPTION s oo | 2
~ | w = o S5Z ;\; Q ;\; Qé OA o
e o |20, | B bt |Sc|be|bk|2s EP
o (S| | &< |8%g 3Z|3s|<s|<8|25| Bw
SHEREEEEE HEHEEEE R
0 0] 9 | 9 11.0| 38 | 15 | 23 [66.7
X 6 9 9 | N=3 Sandy lean clay (CL), dark gray 12.3
5 10 |17 [ 18 N=35 P T T T T T T T T T T T T T T T T T T T T T T 13.8| 35 | 14 | 21 |74.1[ i
Lean clay with sand (CL), pink
X I S - I R R 777 113.2
10 6 | 13 | 21 i 1155| 41 | 13 | 28 |77.1[ i
Lean clay with sand (CL), light reddish brown
15 8 | 16 | 25 i 113.7 i 1
20 9 |19 | 34 175| 34 | 13 | 21 |60.6] i
Sandy lean clay (¢ light reddish brown
Bottom of Borehole at 21.5 feet



jobai
Sticky Note
Sandy Lean Clay (CL)


BORING LOG
PROJECT NO.: STR 2481L
INVOICE NO.: 239609

TEST HOLE: B-10
SHEET NUMBER: 1_of 1
DATE STARTED: 7/12/2019

PENEEENm PROJECT: New K-12 School Petersberg ISD
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
Jhnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: B.Caro
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:\TI'I.I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON|SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None s\ 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
*
L
m # O?I;I)’WS z 3 S = 2
L & = DESCRIPTION W= £|o =
L @) x Slozslox|lo P
ST — 1S4 S5Z| R|lOx|lOZ o
clz % | %~ 2 FUIQS|IES|IEX(ZR] E@
5 3% | |3 |85|92 & 332(35|35|28|25| 84
al|a|ld| 6| 8 |EE|2S © =o|335|a5|aZ|al| <E
0 355 13.3
Lean clay with sand (CL), very dark gray
X 3|3 | 4 T T T T T T T T T T T T T T T T 18.0| 43 | 16 | 27 (708
i (CL), pinkish gray
5 s \7 7|\ |\ v T T T T T T T T 12.6 i i
(CL), reddish brown
X °o |18 |\18| | g T ]11.0| 38 | 13 | 25 |64.4|
] Sandy lean clay (CL), reddish brown
10 9 12|16 | | v o T T T T T T T T T T T T T T T 8.7 i i
15 13 | 28 | 26 - 1122| 39 | 14 | 25 |66.7[ i
(CL), pink
20 15 | 30 | 39 - T12.8 i i
Bottom of Borehole at 21.5 feet




BORING LOG

| R |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-11
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:\TI'I.I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
3+
_ SPT, . o w
m # of Blows |Z o) S |
i ¥ . DESCRIPTION W | | 2
Ty " N SZ| 8eg(eg|2 | &
e o |¥o. | & BE|St|he|bx|as| EPR
o (S| | &< |8kg 3Zl3s|<s|<8|25| Bw
SHEHMEEEEE 0§/22|72|32/%8| &
0 4 [ 7|7 91| 46 | 18 | 28 [70.2
X 4 | 7|6 11.6
i Lean clay with sand (CL), pinkish gray
5 6 | 7 | 11 i T126| 31 | 12 | 19 [69.4[ i
X 8 (15|20 | v o T T T T T T T T T T T T 11.9
10 13 | 20 | 20 i 1102 43 | 13 | 30 |[71.2] i
(CL), reddish brown
15 12 | 22| 35 i 113.4 i T
20 10 | 23 | 36 1 T1214| 52 | 21 | 31 |766] i
Bottom of Borehole at 21.5 feet



jobai
Sticky Note
20 to 21.5 feet is Fat Clay (CH)


BORING LOG

11111/
Eemmmmm |PROJECT NO.: STR 2481L TEST HOLE: B-12
EEEEEEE INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/11/2019
EEEEEEN DATE FINISHED: 7/11/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
(Jhnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:TI"I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/11/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
_ SPT, . o g
i # of Blows |2 o s =
i i = DESCRIPTION e r_|o | %
Ty — o £Z| Flog|og|Q o]
x|z o2l | E Bolot|nc|Bx|aE Ep
o = = é - O DA =Z|2= <s|<a (/)v aw
SHEIRNEEEERE 0§|95|22|52/58) &&
0 0] 0] 3 22.4
X 3 4 5 Lean clay with sand (CL), reddish brown 1971 44 | 12 | 32 |75.3
5 < < T I S R N 77777 I 18.1 i T
(CL), reddish gray
X 2|\ 38 (4| |\ T T ]21.8| 40 | 12 | 28 |67.8]
i Sandy lean clay (CL), reddish gray
10 Y LV 77 12.2 i T
15 17 | 14 | 15 i 115.4| 35 | 15 | 20 [60.6[ i
(CL), pink
20 8 | 14 | 19 i T17.7 - ]
Bottom of Borehole at 21.5 feet




TLLLLT BORING LOG
EummmEE |PROJECT NO.: STR 2481L TEST HOLE: B-13
EEEEEEE INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘;TI"I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 6.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING|SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
. SPT, , o W
m # of Blows |Z o) s =
i i = DESCRIPTION e r_|o | %
S — O > | Slos|oR|o e}
g . (Y = PUla|ESEX|ZS| B
AHRE I AEAEEE ot |55 |25|28 35| 57
= o \n = o [a) o
2SS e| ¢ |REIEE| 6 £8|82|23|72|88| 2
0 2 | 4 | 7 77 5138 | 16 | 22 |443
| 4 7 7 Clayey sand (SC), reddish brown 99
5 7 11| 14 2 14.5] 45 | 14 | 31 |736[

Lean clay with sand (CL), reddish brown

Bottom of Borehole at 6.5 feet




TLELLEL BORING LOG
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-14
EEEEEEE INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
ENEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘;TI"I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 6.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING|SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None s\ ull ™™ G[X cll
FIELD RESULTS LABORATORY RESULTS
I+
. SPT, , o W
m # of Blows |Z o) S ]
i i = DESCRIPTION e r_|o | 2
= — Q L= Slog|og|Q 5
I = = w I 2 ) 3\/ = i’\/ =2 Z3 o
AHRE I AEAEEE ot |55 |25|28 35| 57
= o \n = o) a
A58 |REER & $8|53|23|72|8| &S¥
0 4 | 4| 4 111
\ | 4 | 4| 4 14.0| 38 | 12 | 26 |74.6
Lean clay with sand (CL), reddish brown
5 319|186 i T16.0 L

Bottom of Borehole at 6.5 feet




TELLE BORING LOG
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-15
EEEEEEE INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/11/2019
ENEEEEN DATE FINISHED: 7/11/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘;TI"I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 6.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING|SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/11/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
+*
_ SPT, . o w
m # of Blows |Z o) s =
m i = DESCRIPTION Mhe r_|o | %
o = 0 TE Slog|oR|Q 5
g o ¥ | B BE|St|he|bx|as| EPR
o (S| | &< |8kg 3Zl3s|<s|<8|25| Bw
AR E 28|82|23|22|58| 3
0 46| 7 8136 | 13 | 24 |682

Sandy lean clay (CL), very dark gray

| 7| 9 | 12 10.5

(CL), reddish brown

125| 60 | 19 | 41 |78.2

Fat clay with sand (CH), gray

A

Bottom of Borehole at 6.5 feet




TLELLEL BORING LOG
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-16
EEEEEEE INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘;TI'I.I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 6.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING|SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
_ SPT, , o w
m # of Blows |Z o) s =
i o . DESCRIPTION we o6 | 2
ST — O S| Slos|loR|o Z
£ |2 AE R B|ef|5E5x|28 B
SHEINEEEEEE 95|82|32|35|58| 8¢
0 0] 7 | 7 16.1
Lean clay with sand (CL), dark reddish brown
\ 13|44 | g T T T T T T 16.1| 41 | 18 | 23 |73.0
(CL), light reddish brown
5 3|7 |12 i 1153 L

Bottom of Borehole at 6.5 feet




BORING LOG

| R |
Eemmmmm |PROJECT NO.: STR 2481L TEST HOLE: B-17
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/11/2019
EEEEEEE DATE FINISHED: 7/11/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:\TI'I.I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/11/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
_ SPT, . o W
m # of Blows |Z o) S ]
i ¥ . DESCRIPTION W r|o | 2
~ | w = o S5Z ;\; Q ;\; Qé OA o
Zle| |l =l80ls | B bE|Sc|be by|as| EP
a (S| | &S0 ~ 5Z|13s|<s|<a|%s| 8w
SHEREREEEEE HEHEEEE R
0 1] 7 | 3 141 41 | 17 | 24 [712
X 3 3 2 Lean clay with sand (CL), light reddish brown 17.7
5 I - T A B N 777 I 17.0| 38 | 14 | 24 |72.8] i
X 4 | 7 (10 117.3
10 4| 9|14 ~ (CL), pink 116.4| 44 | 18 | 26 |[71.3] ’
15 AN IR AN N N 777 18.6 i i
(CL), yellowish red
20 11| 19 | 31 17.0| 38 | 18 | 20 |51.2 i
Sandy leal / (SC), yellowish red
Bottom of Borehole at 21.5 feet



jobai
Sticky Note
Sandy Lean Clay (CL)


BORING LOG

11111/
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-18
PEEEEEn | INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/11/2019
EEEEEEN DATE FINISHED: 7/11/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
Jhnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \',)va’I‘E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/11/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
- SPT, . o W
i # of Blows |2 o s =
m i = DESCRIPTION e o | 2
~ | w = o S5Z ;\; Q ;\; Qé (20/\ o
AN ER AR ot |Se|be|by|2s| ER
o | = = o = A S|<sS|<a|? Qwn
SHEIRNEEEERE 0§|95|22|52/58) &&
0 0| 1] 2 216
X 3 4 4 Sandy lean clay (CL), reddish brown 189 45 | 14 | 31 |604
5 A - N N~ 20.9 i 1
(CL), dark gray
X s5\6 7| | o4 T 118.3| 38 | 14 | 24 |64.2]
10 112 | 2 i T17.0 i 1
(CL), pinkish gray
15 8 | 13| 19 13.3| 35 | 14 | 21 |486] i
Clayey sand (SC), pink
20 10 | 24 | 30 116.2 i 1
Bottom of Borehole at 21.5 feet




BORING LOG

D |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-2
EEEEEEE INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/11/2019
EEEEEEE DATE FINISHED: 7/11/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘;TI'I.I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/11/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
_ SPT, . o w
m # of Blows |Z o) s =
m i = DESCRIPTION e o | 2
~ | w = o S5Z ;\; Q ;\; Qé OA o
Elz o |S0le | B bE|Sc|be by|as| EP
[ I = iCE - owia_ =Z|2= <=|<pg 0 = 5:/)
SHEINEEEEEE 95|82|32|35|58| 8¢
0 4 |6 | 7 6.4
Lean clay with sand (CL), reddish gray
X 6 |8 |10 | g T 111.5| 41 | 12 | 25 |75.4|
i (CL), reddish brown
5 0|8 |8 | | v g T 15.9 i i
(CL), pink
X 6 | 8 |10 |145| 34 | 15 | 19 |67.7 |
i Sandy lean clay (5v), pink
10 6 | 17 | 22 17.5 i ’
15 10 | 15 | 24 117.0] 41 | 17 | 24 |64.5] ’
(Sv), ught reddish brown
20 24 | 29 | 31 11.4 i ’
Bottom of Borehole at 21.5 feet



jobai
Sticky Note
Sandy Lean Clay (CL)

jobai
Sticky Note
Sandy Lean Clay (CL)

jobai
Sticky Note
29 is PI


BORING LOG

| R |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-3
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEEE DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \',)va’I‘E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
= SPT, . o W
m # of Blows |Z o) S ]
i ¥ . DESCRIPTION W r|o | 2
~ | w = o S5Z ;\; Q ;\; Qé OA o
e o |¥o. | & BE|St|he|bx|as| EPR
o (S| | &< |8kg 3Zl3s|<s|<8|25| Bw
SHEREREEEEE HEHEEEE R
0 6 | 4 | 6 17.8] 45 | 16 | 29 |62.7
Sandy lean clay (CL), gray
X 213|686 J e R o
i (CL), very dark gray
5 4 |5 |4 | | v T T 16.2| 35 | 14 | 21 |70.1[ i
X 4 6|7 148
10 5 12 16 - Lean clay with sand (CL), pink 7 15.6 | 42 17 25 | 73.4 B T
15 9 |15 | 18 13.9 i i
(CL), light reddish brown
20 I - N N 777 158| 35 | 16 | 19 |56.7 i
Sandy lean clay (CL), light reddish brown
Bottom of Borehole at 21.5 feet




BORING LOG

D |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-4
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \',)va’I‘E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
_ SPT, . o W
m # of Blows |Z o) S ]
w i = DESCRIPTION W r_|o | %
Ty — o £Z| Flog|og|Q o]
zlg o %), | B 5o|S|5o|5x|5E ER
o (S| | &< |8kg 3Zl3s|<s|<8|25| Bw
SHEINEEEEEE 95|82|32|32|58| 8¢
0 355 1.7
Lean clay with sand (CL), gray
X 6 |7 \|\8 | | o T 113.8| 37 | 15 | 22 |74.8]
i (CL), reddish gray
5 s |6 |8 | | w4 T T T T T 16.5 i i
X 3|4 |6 |16.1| 83 | 12 | 21 |71.4]
10 4 6 9 ~ (CL), reddish brown 115.7 B T
15 8 | 15| 19 16.0| 37 | 14 | 23 |58.5[ ’
Sandy lean clay (CL), reddish brown
20 8 | 15 | 21 i T17.2 i ’
Bottom of Borehole at 21.5 feet




BORING LOG

| R |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-5
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:II"I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
3+
_ SPT, . o W
m # of Blows |Z o) S |
i ¥ . DESCRIPTION W | | 2
~ | w = o S5Z ;\; Q ;\; Qé OA o
Elz o |2l | B bt |Sc|be|by|as| EP
o (S| | &< |8kg 3Zl3s|<s|<8|25| Bw
SHEHMEEEEE 0§/22|72|32/%8| &
0 8 | 10| 8 113 75.6
X 5 5 9 Lean clay with sand (CL), pinkish gray 12.6
5 7 \12\18 | |\ oo T T T T T T T T T T T T T T T T T 13.3| 36 | 13 | 23 |70.2 i
(CL), reddish brown
X 6 |11 |15 | o T 196
10 0|11 9 i 114.4| 38 | 15 | 23 |76.3[ i
(CL), pink
15 23 | 32 | 24 i 190 i 1
20 (R I K T [0 I N R 77777 14.7| 33 | 15 | 18 |69.7 i
Sandy lean clay (CL), pink
Bottom of Borehole at 21.5 feet




BORING LOG

| R |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-6
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \',)va’I‘E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
_ SPT, . o W
0 # of Blows |Z o) S ]
i ¥ . DESCRIPTION W | | 2
~ | w = o S5Z ;\; Q ;\; Qé OA o
£z o Yol | & Be S |be |by|as| EP
o (S| | &< |8kg 3Zl3s|<s|<8|25| Bw
SHEREREEEEE 0§|95|22|52/58) &&
0 2 | 3|5 17.6
Sandy lean clay (CL), gray
X 58|09 T T T T T T T T T T T T T T 188 37 | 14 | 23 |66.0|
] (CL), pink
5 4 |58\ | o4 T T T T T T T T 17.5 i 1
(CL), reddish brown
X 4 |\ 4 |\ 4|\ | I 000000 117.3| 382 | 14 | 18 |76.2]
10 4 |6 | 7 i T14.9 i i
Lean clay with sand (CL), pink
15 N - I 2 N N 7777 15.3| 39 | 15 | 24 |68.2 i
Sandy lean clay (CL), light reddish brown
20 9 |17 | 22 i 1195 i i
Bottom of Borehole at 21.5 feet




BORING LOG

PROJECT NO.: STR 2481L
INVOICE NO.: 239609

TEST HOLE:

SHEET NUMBER: 1_of 1

DATE STARTED:

B-7
7/12/2019

PENEEENm PROJECT: New K-12 School Petersberg ISD
EEEEEEN DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
hnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILL RIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \',)va’I‘E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
3+
N SPT, w
& # of Blows |Z 8 9 O I
w o — DESCRIPTION L = Eo|@ s
Ly — Q L= Slog|og|Q
o] SN =E2SN|EZ— (@]
T |2 _ L T EWlaZES|E Z3 =
E | s | B [Xp o oE|SE|nE a0l EF
B2 e | YL 80|08 & o8|o5|35|32|%3| 89
alo| S| & | & |aE|x| O So|33a3|aZ|ak| <+
0 3| 4 | 4 93| 40 | 17 | 23 |64.7
X 7 5 4 Sandy lean clay (CL), pinkish gray 13.6
5 A - N N~ 16.0| 36 | 16 | 20 |68.5[ 1
(CL), reddish brown
X 71819 | |\ Y 40— 112.0
10 3 12| 2 i 110.7| 38 | 12 | 26 [69.9[ 1
(CL), pink
15 17 | 27 | 35 i 1121 i 1
20 26 | 32 | 38 i 115.1| 39 | 13 | 26 [59.0[ 1
Bottom of Borehole at 21.5 feet




BORING LOG

D |
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-8
EEEEEEE INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/12/2019
EEEEEENE DATE FINISHED: 7/12/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
(Hhnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:\TI'II‘E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING|SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/12/2019 Dry
SYMBOL| None s\ ull ™N] |6[X cll
FIELD RESULTS LABORATORY RESULTS
+*
. SPT, , o w
m # of Blows |Z o} S ]
i 3 3 DESCRIPTION W > 18| 2
= |w m 2 5z Flog|ogle | &
Elz o | %~ 2 GEler|Eolhsas| Ee
o = s é - ow o_ =Z|2= <s|<a 0 = aw
AHEI RS 28|9232|72|58| 88
0 2 | 45 15.8

Sandy lean clay (CL), light gray

N
(o]
(o]

(CL), pink
5 s|\s |6 | | wog T
(CL), reddish brown
X N - T - B B 7777
10 3|13 |68 i
Lean clay with sand (CL), pink
15 8 |12 | W o T T T T T T T T T T
Sandy lean clay (CL), pink
20 6 |11 14| | w4 T

(CL), reddish brown

118.0 35 | 15 | 20

19.0

119.7( 29 | 16 | 13

115.9

13.5| 47 | 14 | 33

19.6

66.2 |

78.8|

59.3

Bottom of Borehole at 21.5 feet




BORING LOG

11111/
EuErmmEE |PROJECT NO.: STR 2481L TEST HOLE: B-9
EEEEEEN INVOICE NO.: 239609 SHEET NUMBER: 1_of 1
AENEEEN PROJECT: New K-12 School Petersberg ISD DATE STARTED: 7/11/2019
EEEEEEN DATE FINISHED: 7/11/2019
T E RRA LOCATION: Petersberg, TX DRILLER: LeoK.
CLIENT: BGR Architects Inc. LOGGER: Bradley W.
Jhnee 1977 CONTACT: Mr. Jim Melton, AIA REVIEWED BY: Jobair
DRILLRIG: CME 75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:TI"I\E:R
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 21.5 DATE TIME DEPTH (ft) | REMARKS
TYPE/ | CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 7/11/2019 Dry
SYMBOL| None SN 1] | ™ |6X cll
FIELD RESULTS LABORATORY RESULTS
I+
= SPT, . o W
0 # of Blows |Z o) S ]
i ¥ . DESCRIPTION W | | 2
~ | w = o S5Z ;\; Q ;\; o é 9 — o
Elz o |2l | B bt |Sc|be|by|as| EP
o (S| | &< |8kg 3Zl3s|<s|<8|25| Bw
SHEIRNEEEERE 0§|95|22|52/58) &&
0 46| 6 7 99 | 51 | 17 | 34 |734
%- Fat clay with sand (CH), reddish gray
- 51|16 |7 VA R 10.5
X % (CH), grayish brown
7 o
5 6 | 9| 9 121| 45 | 14 | 31 |73.2
Lean clay with sand (CL), grayish brown
X o |15\ 4| | Y L4 T 0000 198
10 8 | 10 | 14 i T11.0| 38 | 12 | 26 |73.6[ i
(CL), pink
15 134848 | | o4 T T T T T T T T T T T T T T T 11.0 i i
(CL), reddish brown
20 18 | 25 | 28 V 16.8| 55 | 15 | 40 [69.9[ ’
/_ Sandy fat clay (CH), pinkish white
7/
Bottom of Borehole at 21.5 feet
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Letter of Transmittal
October 13, 2021

Dr. Jobair Bin Alam

Civil & Environmental Engineering

Prairie View A&M ?ﬁity

Dear Dr. Alam,

The attached technical report contains the detailed results of the proposed shallow foundation
design for the new K-12 school. The report contains an analysis and recommendation for the
building foundation best suited for a building located in Lubbock, Texas. This report consists of
the introduction, site location, the soil profile of the site area with the inclusion of boring logs
from B-1 to B-18 and the spread footing of the proposed parking areas. If you have any
questions or concerns, please do not hesitate to contact us. P P
Sincerely,

Autumn Carter

Shadaria Lynch

Perla Zaldivar //'f
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Introduction

The engineers that created this document were tasked with recommending a foundation
type for a planned skyscraper in Lubbock, Texas. A steel frame is used to construct the structure.
The facility's foundation must be constructed for bearing capacity as well as settling. The
benefits and downsides of various types of foundations are grouped together, along with
justifications for the foundation dimensions chosen.

City of Lubbock requires BGR Architects to conduct a geotechnical assessment anci“
design a foundation system. Soil boring information, ground water table position, precise soil
information, and design soil parameters are all part of the foundation system. A design for both
bearing capacity and settling concerns, as well as a suggestion for the optimal shallow .,/;
foundation system and a CAD drawing, will be included in the system. These design elements
will offer the information that a shallow foundation system requires.

The project's goal is to investigate the subsurface conditions at a given location in order
to aid foundation design for proposed constructions and then make general recommendations for
the new existing structure. Drilling soil borings to depths of 0-20 feet below current grades
within the planned development area, laboratory testing, and the creation of an engineering
report were all part of the scope of services.



Chapter 1: Proposed K-12 School Petersburg ISD

1.1 Site Location

The proposed school for Petersburg ISD is located in Lubbock, TX. The site plan for the
school is shown in Figure 1, also displaying the location of the borings. The school building will
be built of a conventional stee] frame. Of all the borings 12 are located under the proposed
building at a minimum of 20 ft deep. There are 4 borings located on the proposed parking areas.
The soil borings should be taken at a minimum of 5 feet deep. The maximum column load
allowed is 50 kips. The foundation will consist of a continuous footing for the perimeter of the
building while the steel columns will have a spread footing. Vs
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Figure 1. New K-12 School Petersburg ISD

1.2 Soil Profile from Boring Log

The boring log showed that the soil was dry and no ground water present. The boring log
contains a detailed description for each boring sample taken. Figure 2 dlsp]zfs the boring log
description found for test hole B-1, B-2 and B-3. For B-1 the soil was found to be lean clay with
sand (CL) however it varied by color throughout the 20 ft. After 20 fi the soil was found to be
sandy lean clay (SC). For B-2 the soil was found to be lean clay with soil to 7.5 ft and sandy lean
clay (SC) for the rest of the boring. For B-3 the soil sample was found to be lean clay with sand
(CL). |
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Figure 2. Boring Profile for B-1 to B-3

Figure 3 displays the boring log description found for test hole B-4, B-5 and B-6. All three
boring soil samples were found to be a lean clay soil with different variations of colors.
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Figure 3. Boring Profile for B-4 to B-6



Figure 4 displays the boring log description found for test hole B-7, B-8 and B-9. Boring 7 and 8
is composed of lean clay with sand. While boring 9 contains lean clay with sand and fat clay
with sand,
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77 FatClay with Sand (CH)

on

— f0f

— 158

B8-7

Figure 4. Boring Profile for B-7 to B-9

Figure 5 displays the boring log description found for test hole B-10, B-11 and B-12. All three
borings are composed of lean clay with sand with different variations of color. :
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Figure 5. Boring Profile forB-10to B-12 -
Figure 6 displays the boring log description found for test hole B-13, B-14 and B-15. Boring 13

is composed of lean clay with sand and clayey sand. While boring 14 contains lean clay with
sand. Boring 15 is composed of lean clay with sand and fat clay with sand.

Lean Clay with Sand (CL)
777}  Clayey Sand (SC)
Fat Clay with Sand (CH)

oft

5ft

B-13 B-14 B-15

Figure 6. Boring Profile for B-13 to B-15



Figure 6 displays the boring log description found for test hole B-16, B-17 and B-18. Boring 16
is composed of lean clay with sand. While boring 17 and 18 contains lean clay with sand and
clayey sand.
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Figure 7. Boring Profile for B-16 to B-18
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Chapter 2: Foundation Design

2.1 Foundation Selection

The foundation type is chosen based on a number of variables. Majority of the selection process
depends on the data that is collected from the boring analysis. Bearing capacity failure,
settlement, soil quality, appropriate depth and strength, adverse soil changes, and seismic stresses
are only a few of the issues. These elements work together to define the requirements for a
long-term foundation design. To avoid frost damage, the foundation must first be deep enough.
The foundation design must also meet all regulations to ensure that the foundation is safe from
any potential failures. The structure should also be supported in-the event of an earthquake or
other natural calamity.

Vv’

2.2 Soilt Analysis

Based on all the boring logs the allowable bearing capacity was calculated based on boring log
B-12. The standard penetration was found to be 33, with that value the dry unit weight was
determined. The unit weight was calculated to be 134.86 1b/ft’. Using that value the effective
stress was found as well as the blow count corrected to 60% of the theoretical free-fall hammer
energy. From Table 24 for shear strength for cohesive soils, the cohesion (¢*) was determined to
be 2000 psf. The friction angle (§) was take to be zero. No water table was found on any boring
log therefore no consolidation settlement will occur.

4
2.3 Ultimate Bearing Capacity

Foundations must satisfy the bearing capacity with no failure in the surrounding soil. In addition,
the settlement must be within tolerable limits. The Terzaghi’s Bearing Capacity Theory for strip
footing:

qu=cN, + aN, @ (1)

Where, K{Y‘B Nﬂ/

q, = Ultimate Bearing Capacity _

¢ = Cohesion of Soil .

N,, N, Ny = Terzaghi’s Bearing Capacity Factors /
B = Width of Square Footing

Ultimate bearing capacity of square foundations:

"
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a:=1.3¢N, + gN, + 0.4BN )

In the Terzaghi’s Bearing Capacity Theory equation, cohesion, friction and densny are properties
that are very important. )

F
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2.4 Allowable Bearing Capacity

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

-
o
G =q/FS (3)

The Factor of Safety for shallow foundation ranges from the values 3 to 4. Allowable
loading-bearing capacity of shallow foundations requires applying a factor of safety to the gross
ultimate bearing capacity.The allowable bearing capacity for the spread footing was found to be
5906.5 1b/ft? for a 3ft by 3ft square. The continuous footing around the perimeter was found to be

" 4766.5 1b/ft’. The allowable bearing capacity for the proposed parking lots was determined to be

5232.2 Ib/fi%.
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Chapter 3: Conclusion & Recommendation

3.1 Conclusion

Calculations were done using Terzaghi's bearing capacity factors, the unit weight and
cohesiveness of the soil, and the depth of the soil to estimate the dimensions of the footing, Since
boring logs were taken at separate points on the site and at varying depths at each location, the
angle of friction found was influenced, which influenced Terzaghi's bearing capacity factors.
This had an impact on the soil's unit weight. The cohesiveness of the soil was altered since the
type of soil varied at each place where a boring log was collected, as well as at each depth. The
ultimate bearing capacity would vary across the site as a result of these changing circumstances
and the unknown dimensions of the square footing, affecting the permissible bearing capacity as
well. As a result, having uniformly stzed footings is the ideal option. Estimate$ wete needed to
estimate the dimensions of the footing that would be effective across the site. To begin,
calculations were done for each depth of each boring log to calculate the eventual bearing
capacity when a strip foundation was considered. As a result, the allowable bearing capacity for
spread footing, continuous footing and parking lot. The square footing dimensions were
determined to be 3ft by 3ft.

v
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Calculations

Soil Analysis:
Basedon B-12; N=33
From Table 21: 30-50 SP1|
Ya = 18 kN/m?

= X
Ya = T

_ Y _
18= 1+0.177

kN Ib
¥ = 21186 — = 13486

f3

o=yh= (13435f )(215ft)— 23995),—

2000 »
78995 — 083 v

Neo = N x Cy = 33(0.83) = 27.4

Allowable Bearing Capaci

Given:

¢'=2000 psf

o= 0°

Ne= 5.70

N, =1.0
Ny=0 ol
1=134.86 Ib/ft®

q= y*Df

q= (134.86 Ib/ft%)(21.5 ft)= 2899.49 Ib/ft>

Spread Footing (Square)

qu= 1.3¢’'Nc+gN,+0.4yBN,

qu= (1.3)(2000psf)(5.70)+(2899.49psf)(1)+0.4(134.86)(B)(0) =17719.49 psf
Qui= quFS

Qu = 17719.49/3=5906.5 Ib/ft?

Qui = Q/A ?/

A= Q/qy 3
B2= 50kips*1000/5906.5 /
B?=8.465

B=3ft x 3ft " g

v



Conti Footi
qu= C'Nc+HgN,+0.5yBNy
qu=(2000psf)(5.70)+(2899.49psf)(1)
qu= 14299.49psf

qu= quiFS

Qui= 14299.49/3 = 4766.5 psf

Parking

q=y*Df

q= (134.86 Ib/ft?)(6.5 ft)

q= 876.59 Ib/ft*

qu= 1.3¢'Nc+qN,+0.4yBNy

qu= (1.3}(2000psf)(5.70)+(876.59psf)(1)
qu= 15696.6 psf

Qu= qu/FS

qu= 15696.6/3= 5232.2 ;Ty

Keterencs:
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Letter of Transmittal

October 13, 2021

Dr. Jobair Bin Alam, P.E.

Civil Engineering Department

Prairie View A&M University
/

Dear Dr. Alam, Yy

The "New K-12 School Petersburg" findings are documented in the accompanying technical
report. The study includes a structural layout that is best suited for a structure in Lubbock, Texas.
The report's data was compiled from each and every engineer in the company. The theoretical,
hypothesis, venture rundown, and supplement are all included in this report. If you have any
questions or issues about the report, please don't hesitatg to contact our task director Paige Hines
at 808-471-2659 or hines_paige@yahoo.com. /

Sincerely,
Paige Hines



Abstract

The engineers on this technical paper were charged with recommending a foundation
type for a planned building in Lubbock, Texas. Steel frames are used to construct the structure
and the facility's foundation must be built for bearing capacity as well as settling. The
information was gathered and briefly examined to determine the benefits and drawbacks of

various types of foundations and to justify their choice. -
i
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Introduction

The Standard Penetration Test (SPT) is a testing method for determining subsurface soil
geotechnical characteristics. This test is cheap and can correctly determine the density and shear
strength characteristics of soil. A conventional, thick-walled sample tube is driven into the earth
at the bottom of a borehole to conduct this test. This is accomplished by strikes from a slide
hammer mechanism with a specific weight and fall distance. The example tube is pushed 150
mm (6 in.) into the ground for this circumstance, after which the number of blows necessary for
the cylinder to enter the soil each 150 mm up to a depth of 18 in (450 mm). Following this, the
total number of blows required for the second and third 6 crawls of penetration is recorded as the
SPT blow count. The standard penetration obstruction, often known as the N-value, is what this
is referred to as. In terms of the N-value, it indicates the density of subsurface soil. The soils’

estimated shear strength characteristics may be evaluated using this method. Nz

Objective

The Geotechnical Group's goal was to examine the subsurface characteristics at this
location in order to promote foundation plans for the planned buildings and then provide general
recommendations for the new existing construction in Lubbock, Texas. Penetrating soil boring to
depths of 0 to 20 feet under present assessments inside the projected advancement zone, lak
testing, and the creation of an engineer designing report were among the services provid’éd.

3.2.1. Geotechnical Engineering P

Criteria
This report briefly presents available project information, outlines the testing procedures, describes
the site and subsurface conditions, and presents the following:

Description of subsurface conditions and groundwater information

Boring logs and laboratory test results

Discussion of grading for the site and calculation of cut and fill

Site preparation recommendations including structural fill placement and compaction
Lateral earth pressure parameters

Recommendations for foundations and estimated settlement

Discussions of the factors impacting construction and performance of the proposed
construction

AN O i



3.1 New K-12 School Petersburg Description

Eighteen 2 soil borings, B-01 through B-18, were tested to depths of roughly 21.5 feet
and 6.5 feet (B-13-B-16) below the existing ground surface during the field research. The
borings were drilled with a track-mounted CME 75 boring rig and a Hollow stem drill, all in
accordance with ASTM standards. Texas Cone Penetration Tests (TxDOT Designation Tex-132-
E) were carried out in the borings at 5-foot intervals, as per the TxDOT geotechnical handbook
2016. The soil samples collected during the field inquiry were transported to the research center,
where they were tested to determine material characteristics for evaluation.

Laboratory testing was carrted out on chosen samples in line with ASTM standards to assess the
subsurface materials' classification, strength, and other engineering properties. The following tests
were carried out on the chosen samples: s
Moisture Content (ASTM D 2216) L/
Unit Weight (ASTM D 2937)
Atterberg Limits (ASTM D 4318)
Percent Passing No. 200 Sieve (ASTM D 1140)
Unconfined Compression (ASTM D 2166)
Triaxial Shear Strength (ASTM D 2850)
One Dimensional Consolidation (ASTM D 2435)
3.1 New K-12 School Petersburg Table Description
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3.1.2 New K-12 School Petersburg Subsurface Boring logs
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3.2 Site and Subsurface Conditions

Site Location and Description

At the hour of investigation exercises, the site was existing and was commonly level and
displaying.

The figure beneath shows the structure site with comparing measurements of the boring
examination.
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Figure 4: Soil Boring Plan

3.1.3 Groundwater Information

Groundwater level was not found in the borings during the hour of exhausting exercises. It
should be perceived that the groundwater levels were wanted to be recorded during the entering
and after exhausting fulfillment. It is possible that periodic assortments (temperature, precipitation,
etc) will cause changes in the groundwater level. Also, perched water might be knowledgeable
about sporadic zones inside the overburden. The groundwater levels presented in this report,
expecting to be any, are the levels that were assessed at the hour of our field works out. It is
recommended that the authoritative specialist choose the veritable groundwater levels at the site
at the hour of the improvement activities to choose the impact, accepting any, on the advancement
frameworks. //"
Environmental Site Assessment

The ESA is ordinarily seen as the underlying stage during the time spent normal due
consistency. Before purchasing a land bundle, an owner should promise himself that the envisioned
progression of the land is truly possible with its dirt conditions. This being expressed, the owner
volunteers’ geotechnical engineers to analyze the dirt thrpugh key borings to test the dirt and

/,



guarantee that it is sensible. These are key motivations behind why associations and advancing
foundations habitually require a Phase I ESA. Driving an ESA limits the obligation of the owner
or advance trained professional and outfits them with a sensation of statement for the idea of their
domain. Norms for Performing a Phase I Site Assessment have been made by the EPA. These
norms include:

» Evaluating stockpiling, taking care of, treatment, and removal of materials
and waste

> Investigating site for proof of underground stockpiling tanks or spills

» Researching history of the office, soil type, and ground and surface water

3.2.1. Foundation Design u{,
1.) Selection of Foundation

The suitable establishment is chosen for each chose office dependent on specific components.
Perceive the establishment type dependent on satisfactory and significant information from
subsurface investigation

Determination of Foundation Type : /

1. Quality: The establishment should be a satisfactory quality with the goal that it isn't
exposed to disintegration, for example, from sulfate assault.

2. Satisfactory Strength: The establishment should be planned with adequate strength that is
doesn't crack or fall to pieces under the applied superstructure loads. The establishment
should likewise be appropriately built in conformance with the plan details

3. Unfavorable Soil Changes: The establishment should have the option to oppose long haul
unfriendly soil changes.

4. Seismic Forces: The establishment should have the option to help the design during a
tremor with-out exorbitant settlement or horizontal development.

5. Satisfactory Depth: Foundation should have a sufficient profundity to forestall ice harm.
For Such establishments as scaffold wharfs, the profundity of the establishment should be
adequate to forestall subverting by scour.

6. Bearing Capacity Failure: The Foundation should be protected against a direction limit
disappointment.

7. Settlement: Foundation should not settle to such degree that it harms the construction.

Terzaghi hypothesized that the dirt under the balance would create a triangle of tension.
The bearing limit of the dirt is created in a balance because of three properties of soil:
i. Cohesion
ii. Friction
iii. Density



The terms utilized in the Terzaghi bearing cutoff condition are an authoritative bearing breaking
point, the connection term, the additional charge term, and the thickness term. An authoritative
bearing restriction of an establishment is the stack past which an establishment would miss the
mark and not, now be significant. Attachment (c) is a substance cycle. Soil particles will overall
stick to each other on account of electrical charges present in mud particles. As opposed to
connection, contact is an actual cycle. The higher the scouring between particles, the higher the
restriction of the dirt to pass on balance loads. Generally, sands and silt secure grinding. By and
large, soils are seen as grating less. The pounding of a dirt is addressed by the grinding point = 0;
where B is the width of the equilibrium, and the place of the dirt strain triangle is given by a
conclusive bearing cutoff.

!
s
il

Calculations

Ultimate Bearing Capacity

The Ultimate Bearing Capacity is calculated by using the Terzaghi Bearing Capacity factors which
depend on the internal angle of friction of the soil. Ultimate Bearing Capacity (Qui) for a square
footing with a width B is calculated as,

= 1.3¢cNc + YIDfNg + 0.4Y2BNY
Whereas, %
Quitimate = Ultimate bearing capacity

C = cohesionof soil

N.,Ng N, = Terzaghi's bearing capacity factors

Y, = eff ectwe unit weight of soil above soil of foundation
Y, = effective unit weight of soil below foundation
Dy = depth of footing, or distance from ground surface to base of footing

B = width of square footing

Given:
Ib
Y, = 125f— 4~
1 = bf_dl’uvg 6%0"{ Y, = 125f”’3
D = 21.5ft
&7— L@Qd C= 1000;b3 for clay.

Friction angle = 0
Ultimate bearing capacity is therefore,

Quitimate = 1.3cNc + Y1DfNg + 0.4Y2BNY
lb
= 1.3+ (1000) « (5.7) + 125—* (21.5) * (1)

=10,097.5 i
= Fiz



Parking lot(shallow foundation

Qultimate = 1.3cNc + YIDfNq + 0.4Y2BNY

- b
= 1.3 x(1000) * (5.7) + 125 — f s * (6.5} * (1)
b
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Figure 3.2.1a: Ultimate Bearing Capacity

Allowable Bearing Capacity

Allowable bearing capacity {Q.) refers to the loading per unit area that the soil is able to support without
unsafe movement. It is also referred to as the design bearing capacity. A factor of safety of 2.5 to 3 is
commonly applied to the value of quiimate. Care must be taken to ensure that a footing design i 1s safe with

regard to: -
1. Foundation failure (collapse)
2, Excessive settlement 6[ ]
Allowable Bearing Capacity: ('

Qu[tlmate

704 = 3 36583 Ib /ft2
CZM = 2740.83 Ib/ft2

The allowable bearing capacity of the soil is determined to be 4.08 ksf for a 3.5t by 3.5ft footing. This
value will be used in ensuing foundation designs of compactness of the soils.



Primary Consolidation Settlement

Because there is no water, there is no consolidation settlement.

Results & Discussion . —

" To choose the elements of the equilibrium, counts were made using Terzaghi's bearing
cutoff factors, the unit weight and attachment of the dirt, and the significance of the dirt. Since
exhausting logs were taken at various regions on the site similarly as at different profundities at
each space, this affected the resource chose, thusly impacting Terzaghi's bearing cutoff factors.
This in like manner impacted the unit weight of the dirt. Since the sort of soil was different at
each point where an exhausting log was taken similarly as at each significance, this impacted the
union of the dirt. Considering these changing components and the dark elements of the square
equilibrium, a conclusive bearing cutoff would move over the site, in this way changing the
permissible bearing breaking point over the site as well. In any case, having different footings
with various measurements isn't useful or monetarily incredible. Henceforth, having footings
with uniform measurements is the most ideal decision. To choose the components of the
equilibrium that would be practical over the site, appraisals ought to have been made. First thing,
calculations were made for each significance of each exhausting log to choose a conclusive
bearing breaking point concerning a strip foundation. Considering this, the most un-outrageous
bearing breaking point was picked as a cautious advance not to misjudge our authoritative
bearing cutoff. Considering this, the components in idea for the most decreased outrageous
bearing cutoff regarding a strip foundation at that exact significance and exhausting log were
used in figuring for a square foundation. From that point, the elements of 3.5ft by not set in
stone. —

Conclusion

Finally, this event provided an opportunity to learn about alternative geotechnical design
cycles. The Geotechnical Group's mission was to examine the underlying characteristics at this
location in order to promote the development of a design for the proposed structures and then
make general recommendations for the new existing construction in Lubbock, Texas. Penetrating
soil borings to depths of 0 to 20 feet beneath present assessments within the planned
development area, lab testing, and the drafting of a designing report were all part of the scope of
services. In the end, this group had the ability to apply geotechnical design methods to this
project efficiently.



Test Hole #1 Soil Classifcation

Depth (ft)  Liquid Limit __ Plastic Limit __ Plastic Index

__Sieve Analysis (#200)_

0-5 38 15 23 66.7%
5-7.5 35 14 21 74.1%
7.5-20 41 13 28 77.1%
20-21.5 34 13 21 60.6%

Test Hole #2 Soil Classifcation

Depth {ft)  Liquid Limit - Plastic Limit Plastic Index

Sieve Analysis (#200)

0-75 41 12 29 75.4%
7.5-10 34 15 19 67.7%
10-21.5 41 17 24 64.5%

Test Hole #3 Soil Classifcation

Depth (ft} . Liquid Limit . Plastic Limit  Plastic Index

Sieve Analysis (#200)

0-5 45 16 29 62.7%
(5 - 15) 42 17 25 73.4%
20-21.5 35 16 19 56.7%

Test Hole #4 Soil Classifcation

Depth (ft) Liquid Limit _* Plastic Limit Plastic index

Sieve Analysis (#200)

0-5 37 15 22 75%
(5-15) 33 12 21 71%
15-21.5 37 14 23 59%

Test Hole #5 Soil Classifcation

Depth (ft) Liquid Limit | Plastic Limit_ PlasticIndex

Sieve Analysis (#200)

0-7.5 36 13 23 70%
7.5-20 38 15 23 B1%
20-21.5 33 15 18 70%

Test Hole #6 Soil Classifcation




Depth (ft) Liquid Limit  Plastic Limit Plastic Index Sieve Analysis (#200})
0-75 37 14 23 66%
7.5-15 32 14 18 76%
15-215 39 15 24 68%

Test Hole #7 Soil Classifcation

Depth (ft) Liquid Limit  Plastic Limit Plastic Index  Sieve Analysis (#200)
0-7.5 36 16 20 69%
7.5-215 39 13 26 59%

Test Hole #8 Soil Classifcation

Depth (ft) Liquid Limit_ PlasticLimit . Plastic Index Sieve Analysis (#200)
0-75 35 15 20 66%
7.5-15 29 16 13 79%

15-21.5 47 14 33 59%

Test Hole #9 Soil Classifcation

Depth (ft}  Liquid Limit ! PlasticLimit _ Plasticindex ' Sieve Analysis (#200)
0-5 51 17 34 73%
5-7.5 45 14 31 73%
7.5-20 38 12 26 74%
20-21.5 55 15 40 70%

Test Hole #10 Soil Classifcation

Depth {ft) Liquid Limit | Plastic Limit Piastic Index Sieve Analysis (#200)
0-7.5 43 16 27 71%
7.5-215 39 14 25 67%
Test Hole #11 Soil Classifcation
Den quid 2 P d ANa 0
0-75 31 12 19 69%
7.5-20 43 13 30 71%
20-21.5 52 21 31 77%




Test Hole #12 Soil Classifcation

Depth (ft) Liguid Limit Plastic Limit Plastic Index Sieve Analysis {#200)
0-7.5 40 12 28 68%
7.5-215 35 15 20 61%

Test Hole #13 Soil Classifcation

Depth (ft} Liquid Limit Plastic Limit  Plastic Index  Sieve Analysis {#200)
0-5 38 16 22 44%
5-6.5 45 14 31 74%

Test Hole #14 Soil Classifcation

Depth(ft) .

Liquid Limit

_Plastic Limit

Plastic Index

Sieve Analysis (#200)

Test Hole #15 Soil Classifcation

Depth (ft) Liquid Limit ' 'Plastic Limit  Plasticindex  Sieve Analysis {#200)
0-5 36 13 23 68%
5-6.5 60 19 41 78%

Test Hole #16 Soil Classifcation

Depth (ft)

Liquid Limit

- Plastic Limit

Plastic Index

Sieve Analysis (#200)}

Test Hole #17 Soil Classifcation

Depth (ft) Liquid Limit ¢ Plastic Limit Plastic Index Sieve Analysis (#200)
0-5 41 17 24 71%
7.5-20 44 18 26 71%
20-21.5 38 18 20 51%

Test Hole #18 Soil Classifcation

Depth (ft)

Liquid Limit

Plastic Limit

Plastic Index

Sieve Analysis (#200)




0-5 43 16 27 71%
{5-15) 38 14 24 64%
15-21.5 35 14 21 49%




Coarse Fraction

_ Water Content

_Group Name

___Classifcation

33% 11.0% CL Sandy lean Clay (Dark Gary)

26% 13.8% CL Lean Clay with Sand {Pink)

23% 15.5% CL Lean Clay with Sand (Light reddish brown)
39% 17.5% CH Sandy lean Clay (Light reddish brown)

Coarse Fraction

Water Content

_Group Name_

_ Classifcation

Lean Clay ith and (Reddihgray)

25% 15.9% CL
32% 14.5% SC Sandy lean Clay (Pink)
36% 17.0% SC Sandy lean Clay {Light Reddish Brown)

Water Content.

_Group Name ' *

_ Classifcation

37% 17.8% cL “Sandy lean Clay (Gray)
27% 15.6% CL Lean Clay with Sand (Pink])
43% 15.8% CL Sandy lean Clay (Light Reddish Brown)

Coarse Fraction

Water Content

Group Name

. Classifcation

25% 14% cL " Lean clay with Sand (Gray)
29% 16% CL Lean clay with Sand (Reddish Brown)
42% 16% CL Sandy Lean Clay {Reddish Brown)

A

Coarse Fraction Water Content Group Name Classifcation
30% 13% CL Lean Clay with Sand
19% 12% CL Sandy lean Clay
30% 15% CL Sandy lean Clay

vl

_ g




Coarse Fraction

Water Content

Group Name

Classifcation

34% 18% CL Sandy Lean Clay {Pink)
24% 17% CL Lean Clay with Sand (Pink)
32% 20% CL

Sandy Lean Clay (light reddish brown)

Coarse Fraction

_ Water Content

Group Name

Classifcation

32% 12% CL . Sandy lean Clay
41% 15% CL Sandy lean Clay
-
Coarse Fraction Water Content: _ GroupName = = Classifcation
34% 18% CL Sandy Lean Clay
21% 20% CL Sandy Lean Clay
41% 14% CL Sandy Lean Clay

Coarse Fraction

_Water Content

_GroupName =

_ Classifcation

27% 11% CH Fat Clay with Sand
27% 12% CL Lean Clay with Sand
26% 11% CL Lean Clay with Sand
30% 17% CH Sandy Fat Clay

Coarse Fraction
29%

Woater Content

13%

Group Name
CL

__ Classifcation
Lean Clay with Sand

33%

12%

CL

Sandy Lean Clay

Coarse Fraction

Water Content =

Group Name

Classifcation

31% 13% cL Lean Clay with Sand
29% 10% CL Lean Clay with Sand
23% 21% CH Fat Clay




Coarse Fraction Water Content Group Name Classifcation
32% 22% CL Lean Clay with Sand
39% 15% CL Sandy lean Clay

Coarse Fraction Water Content  GroupName = (lassifcation
56% 5% SC Clayey Sand
26% 15% CL Lean Clay with Sand

Coarse Fraction Water Content Group Name Classifcation
25% 14% CL Lean Clay with Sand

Coarse Fraction Water Content  Group Name Classifcation =~

32% 8% CL Sandy lean Clay

22% 13% CH Fat Clay with Sand
Coarse Fraction Water Content Group Name _ . Classifcation

27% 16% CL Lean Clay with Sand
Coarse Fraction Water Content. | Group Name _ . Classifcation

29% 14% CL Lean Clay with Sand

29% 12% CL Lean Clay with Sand

49% 17% SC Sandy Lean Clay

o

v

Coarse Fraction _ Water Content Group Name Classifcation



25% 19% CL Sandy Lean Clay
36% 18% CL Sandy lean Clay
51% 13% SC Clayey Sand




BELOW AVERAGE

Page L7




Prairie View A&M University
Roy G. Perry College of Engineering
Civil & Environmental Engineering Department

CVEG 4100: Geotechnical Engineering Design
Section: P81
Title: Geotech Project 1 Report

Submitted By: M.A.R.S Engineering

Abram Auguste, Alex Martinez, Caleb Ross, Nathaniel Smith
Submitted To: Dr. Alam, Md Jobair Bin Ph.D., P.E.
Due Date: October 13, 2021 NLT 10:00 A.M.

Fall 2019

ABET Criteria 3(c) and 3(i)

7




Letter of Transmittal

October 12, 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 building foundation and parking cross-section
for the project “New K-12 School Petersburg ISD”. The report contains a shallow foundation
design best suited for the proposed building in Petersberg, Texas. 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). /

i
!
!
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Thank you,
M.A R.S. Engineering



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.

Tabl of CW%O




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 1b) 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, }he

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

shows Rgt, prsech Lo eation,
Sl arua.



Objective

The objective of this project was to prepare a comprehensive geotechnical investigation and to
prepare a written report of the analysis and recommend a foundation that would best suit the
building design for the proposed structure near Lubbock, Texas. The things that need to be done
will be drilling soil borings at a depth of a minimum of 0 to 20 feet below the existing grades
within the proposed development area and laboratory testing and preparation of an engineering

report will be conducted. k
\/



Geotechnical Engineering

Criteria
The contents within this report presents-

e Soil boring information and sub-surface soil conditions ?

e Detail soil information and design soil parameters -

e Design of foundation for both bearing capacity and settlement consideration.

¢ Recommendation of best shallow foundation system providing all details, calculations, and

reasons for decision.

Detail of foundation in CAD Drawing ./

New K-12 School Petersburg Description

The project contains samples of 18 soil borings, B-1 through B-18, with depths around 21.5 ft
and 6.5 ft below the ground surface. The boreholes were drilled by a CME 75 Hollow stem auger
following the ASTM procedures. The samples from the project site were taken to a lab and the

samples that were selected were tested to analyze material properties o

Texas Cone Penetration tests (TXxDOT Designation Tex-132-E) were performed in accordance
e ey

with TxDOT geotechnical manual 2016, in the borings at approximately S-foot intervals.
/.
Laboratory testing was accomplished generally in accordance with ASTM procedures and

performed on selected samples to evaluate the classification, strength and other engineering

characteristics of the subsurface materials. The tests on the selected samples included:

¢ Moisture Content (ASTM D 2216)



Unit Weight (ASTM D 2937)

Atterberg Limits (ASTM D 4318)

Percent Passing No. 200 Sieve (ASTM D 1140)
Unconfined Compression (ASTM D 2166)
Triaxial Shear Strength (ASTM D 2850)

One Dimensional Consolidation (ASTM D 2435)

¥4

Table 3.1a — New K-12 School Petersburg Subsurface Profile for B-1 through B-18
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Depth [ft.} N Strass {o) CcN N60 Soll Classification
0 18 0 - - Sandy Lean Clay
25 18 2875 2.637521894 | 47.47539408 Sandy Lean Clay
5 35 575 1865009616 | 65.27533658 Lean Clay with Sand, Pink
75 13 8625 1522773975 | 19.79606168 tean Clay with Sand, Light Reddish Brown
10 34 1150 1.318760947 | 44.83787219 tean Clay with Sand, Light Reddish Brown
15 41 1725 1.076763804 | 44.14731597 tean Clay with Sand, Light Reddish Brown
Boring 1 20 53 2300 0.9325048082 | 49.42275484 | Sandy Lean Clay {5C), Light Reddish Brown
0 13 0 - - Lean Clay with Sand {CL), reddish gray
2.5 18 287.5 2,637521894 | 47.47539408 €L, reddish brown
5 16 575 1.865009616 | 29.84015386 CL, pink
7.5 18 862.5 1522773975 | 27.40993155 Sandy Lean Clay (CL}, pink
10 39 1150 1318760947 | 51.43167692 | Sandy Lean CLay (CL}, light reddish brown
15 39 1725 1.076763804 | 41.99378836 Sandy Lean CLay {CL)}, light reddish brewn
Boring 2 20 60 2300 0.9325048082 | 55.95028849 | Sandy Lean CLay (CL), light r?’( brown
0 10 0 - - Sandy tean Clay {CL), gray
2.5 2875 2637521894 | 23.73769704 CL, very dark gray
5 575 1.865009616 | 16.78308655 tean Clay with Sand (CL), Pink
7.5 13 862.5 1522773975 | 19.79606168 Lean Clay with Sand (CL), Pink
10 28 1150 1.318760947 | 36.92530651 Lean Clay with Sand (CL), Pink
15 33 1725 1.076763804 | 35.53320554 CL, light reddish brown
Boring 3 20 54 2300 0.9325048082 | 50.35525964 Sandy Lean Clay (CL), light reddish brown
v 10 0 - - Lean Clay with Sand (CL), gray
25 15 287.5 2637521894 | 39.5628284 CL, reddish gray
5 14 575 1.865009616 | 26.11013463 CL, reddish brown
15 10 862.5 1522773975 | 15.22773975 CL, reddish brown
10 13 1150 1.318760947 19.7814142 CL, reddish brown
15 34 1725 1.076763804 | 36.60996934 Sandy Lean Clay
Boring 4 20 36 2300 0.9325048082 | 33.5701731 Sandy Lean Clay
>
0 18 0 - Lean Clay with Sand (CL), pinkish gray
25 14 287.5 2.637521894 | 36.92530651 Lean Clay with Sand (CL), pinkish gray
5 30 575 1865009516 | 55.95028849 CL, reddish brown
75 26 862.5 1.522773975 | 39.59212336 CL, pink
10 20 1150 1.318760947 | 26.37521894 CL, pink
i5 56 1725 1.076763804 | 60.29877303 CL, pink
Boring 5 20 21 2300 0.9325048082 | 19.58260097 Sandy Lean Clay
0 8 0 - Sandy Lean Clay (CL}, gray
2.5 17 287.5 2.637521894 | 44.83787219 CL, pink
5 13 575 1.B65009616 | 24.24512501 CL, reddish brown
75 ) 862.5 1522773975 | 12.1821918 Lean Clay with Sand {CL}, pink
10 13 1150 1.318760947 | 17.14389231 Lean Clay with Sand {CL}, pink
15 18 1725 1.076763804 | 19.38174847 Sandy Lean Clay
Boring & 20 39 2300 0.9325048082 { 36.36768752 Sandy Lean Clay
/
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| 9 D - - Sandy Lean Clay (CL), light gray
2.3 16 287.5 2.637521894 | 42.2003503 CL, pink
5 11 575 1.865009616 | 20.51510578 €L, reddish brown
7.5 10 862.5 1522773975 | 15.22773975 Lean Clay with Sand (CL), pink
10 9 1150 1.318760947 | 11.86884852 Lean Clay with Sand (CL), pink
15 27 1725 1.076763804 | 29.07262271 Sandy Lean Clay (CL}, pink
Boring 8 20 25 2300 0.9325048082 | 23.31262021 CL, reddish brown
0 12 0 - - fat Clay with Sand (CH), reddish gray
25 13 287.5 2637521894 | 34.28778462 CH, grayish brown
5 18 575 1.865009616 | 33.5701731 Lean Clay with Sand (CL}, grayish brown
7.5 29 862.5 1522773975 | 44.16044528 CL, pink
i0 24 1150 1.318760847 | 31.65026272 CL, pink
i5 96 1725 1.076763804 | 103.3693252 CL, reddish brown
Boring 9 20 53 2300 0.9325048082 | 49.42275484 Sandy Fat Clay (CH), pinkish white
Depth {ft.} N Stress [o’) CN NSO Soil Classification
[4] 10 o] - - Lean Clay with Sand (CL}, very dark gray
25 7 287.5 2.637521894  18.46265326 CL, pinkish gray
S 14 575 1.865009616 = 26.11013463 CL, reddish brown
7.5 31 862.5 1.522773975  47.20599323 Sandy Lean Clay (CL), reddish brown
10 28 1150 1.318760947  36.92530651 CL, pink
15 54 1725 1076763804  58.14524542 CL, pink
Boring 10 20 69 2300 0.9325043082 6434283177 CL, pink
0 14 0 - - Lean Clay with Sand {CL}, pinkish gray
2.5 i3 287.5 2.637521894 | 34.28778462 Lean Clay with Sand {CL}, pinkish gray
5 18 575 1.865009616 | 33.5701731 Lean Clay with Sand {CL)}, pinkish gray
7.5 35 862.5 1.522773975 | 5$3.29708913 CL, reddish brown
10 40 1150 1.318760947 | 52.75043787 €4, reddish brown
15 57 1725 1.076763804 | 61.37553683 CL, reddish brown
Boring 11 20 59 2300 0.9325048082 | 55.01778369 Ci, reddish brown
o 3 0 - - Lean Clay with Sand {CL), reddish brown
25 9 287.5 2637521894 | 23.73769704 Lean Clay with Sand (CL), reddish brown
5 ? 575 1.865009616 | 13.05506732 CL, reddish gray
7.5 7 £862.5 1522773975 | 10.65941783 Sandy Lean Clay (CL), reddish gray
10 25 1150 1.318760947 | 32.96902367 CL, pink
15 29 1725 1.076763804 | 31.22615032 CL, pink
Boring 12 20 a3 2300 0.9325048082 | 30.77265867 CL, pink
0 11 ] - - Clayey Sand {SC), reddish brown
2.5 14 287.5 2637521894 | 36.92530651 Clayey Sand (5C), reddish brown
Boring 13 5 25 575 1.865000616 | 46.62524041 Lean Clay with Sand {CL), reddish brown
0 8 0 - - Lean Clay with Sand {CL), reddish brown
2.5 8 2872.5 2637521894 | 21.10017515 Lean Clay with Sand {CL), reddish brown
Boring 14 5 25 575 1.865009616 | 46.62524041 Lean Clay with Sand (CL), reddish brown

"
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0 13 0 - - 5andy Lean Clay (CL), very dark gray
25 21 287.5 2637521894 | 55.38795977 CL, reddish brown
Boring 15 5 36 575 1865009616 | 67.14034619 Fat Clay with Sand (CH), gray
0 14 0 - Lean Clay with Sand {CL)}, dark reddish brown
25 8 2875 2.637521894 | 21.10017515 CL, light reddish brown
Boring 16 5 19 575 1.865009616 | 35.43518271 CL, light reddish brown
0 10 0 - - Lean Clay with Sand {CL), light reddish brown
25 5 2875 2.637521894 | 13.18760947 | Lean Clay with Sand {CL), light reddish brown
5 13 575 1.865009616 | 24.24512501 CL, pink
7.5 17 862.5 1.522773975 | 25.88715758 €L, pink
10 23 1150 1.318760947 | 30.33150178 CL, pink
15 30 1725 1.076763804 | 32.30291412 CL, yellowish red
Boring 17 20 50 2300 0.9325048082 | 46.62524041 Sandy Lean Clay {CL), yellowish red
0 0 - - Sandy Lean Clay (CL}, reddish brown
25 287.5 2.6375218%94 | 21.10017515 Sandy Lean Clay (CL), reddish brown
5 14 575 1.865009616 | 26.11013463 CL, dark gray
7.5 13 862.5 1.522773975 | 19.79606168 CL, pinkish gray
i0 4 1150 1.318760047 | 5.275043787 CL, pinkish gray
15 32 1725 1.076763804 | 34.45644173 Clayey Sand (5C), pink
Boring 18 20 54 2300 0.9325048082 | 50.35525964 Clayey Sand (5C), pink

n
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3.1.4 Site and Subsurface Conditions
Site Location and Description

At the time of exploration activities, the site was existing and was generally level and exhibiting.

t 64—,493@-9’!{";*@%)‘
L:;“L{—lg; coniskenr

The level of the groundwater was not observed in the boring log process during the time when
the drilling operations were. It can be inferred that the groundwater levels were supposed to be
recorded during the time of the drilling and upon completion of the drilling. It can also be inferred
that fluctuations in the groundwater level could be affected by natural variations such as rainfall,
temperature, humidity, etc.. Also, perched water could be encountered in discontinuous zones
within the overburden. The groundwater levels presented in this report, assuming that any are
present, are the levels that were measured during the time of our field activities. One
recommendation would be to determine the actual levels of groundwater at the location of the
site during the time of the construction activities to determine the impact on the coq;{Fuction
process. /7

3.1.3 Groundwater Information

Environmental Site Assessment

The Environmental Site Assessment or ESA is usually considered to be the first step in buying a
piece of land. Before a piece of land can be purchased, the owner must assure himself/herself
that the future development of the land would even be feasible given the present soil conditions.
In order to move forward in development, geotechnical engineers would be hired to check and
analyze the soil. They would do so through preliminary borings in order to make sure that the
soil is able to withstand the development process. This is why many institutions often require a
Phase | ESA to be conducted. Conducting an ESA lifts some of the responsibility off of the land
buyer/owner when it comes to their land quality and provides them with a confirmation that their
land is suitable or not.

Standards for Performing a Phase | Site Assessment have been created by the EPA. These
standards include:

e Researching the history of the facility, the soil type, and ground and surface water
e Evaluating the storage, handling, treatment, and disposal of the materials and the waste
e Investigating the site for any evidence of underground storage tanks or spills 4

¥4



3.2.1. Foundation Design

1.) Selection of Foundation

The appropriate foundation is selected for each selected facility based on certain factors. It is
important to recognize the foundation type based on adequate and meaningful data from
subsurface exploration

Selection of Foundation Type

The selection of a specific type of foundation is based on the following factors below:

Adequate Depth: the foundation must have an adequate depth to prevent frost damage. For other
foundations like bridge piers, the foundation depth must be adequate in order to prevent damage
by scour.

Adequate Strength: The foundation must be designed with adequate strength so that it does not
fracture or break apart due to the applied loads of the structure. The foundation must also be
designed and constructed properly with the design specifications taken into account. /-
Adverse Soil Changes: The soil foundation must be able to resist long term adverse changes.

Bearing Capacity Failure: The soil foundation must be safe against a bearing capacity failure.” ;

Seismic Forces: The soil foundation must be able to support the structure on top of it during the
time of an earthquake without excessive lateral or settlement movement. / '

Settlement: The soil foundation must not settle to a point that it damages the structure.

Quality: The foundation must be of an adequate quality so that it is not subjected to deterioration.

Soil Bearing Capacity >

Terzaghi theorized that the soil underneath the footing would generate a triangle of pressure. The

bearing capacity of the soil is developed in a footing due to three properties of soil:

1. Cohesion

/



2. Friction
3. Density .

The terms used in the Terzaghi bearing capacity equation are the ultimate bearing capacity, the
cohesion term, the surcharge term, and the density term. The ultimate bearing capacity (qun) of a
foundation is the load beyond which a foundation would fail and no longer be useful. Cohesion (¢}
is a chemical process. Clay particles tend to adhere to each other due to electrical charges present
in clay particles. Unlike cohesion, friction is a physical process. The higher the friction between
particles, the higher the capacity of the soil to carry footing loads. Usually, sands and silts inherit
friction. For all practical purposes, clays are considered to be friction-free. The friction of a soil is
represented by the friction angle = 0; where B is the width of the footing, and the angle of the soil

pressure triangle is given by the ultimate bearing capacity.
Ultimate Bearing Capacity

The Ultimate Bearing Capacity is calculated by using the Terzaghi Bearing Capacity factors which
depend on the internal angle of friction of the soil. Ultimate Bearing Capacity (qu) for a square

footing with a width B is calculated as,

= fressU™C
= (Q\:} (oéLQ'

Quu=1.3¢Nc + Y \DiNg + 0.4Y2BNy

Yqa
Where,
Qui = Ultimate bearing capacity ol
C = cohesion of soil
N¢, Ng, Ny = Terzaghi’s bearing capacity factors ¥

v



Y1 = effective unit weight of soil above soil of foundation
Y; = effective unit weight of soil below foundation
D¢ = depth of footing, or distance from ground surface to base of footing
B = width of square footing
Given:
Y- 12516/t
Y2 - 1251b/7°
D= 21.5ft
C=1000 Ib/ft* for clay.Friction angle=0

Ultimate bearing capacity is therefore,

Qur = 1.3cNc + Y DiNg+ 0.4Y2BNy
( = 1.3 (1000) (5.7) + 125 Ib/Rt* (21.5) (1)
q/' =10,097.5 Ib/R?

Parking lot(shallow foundation )

Qu'.t =1.3¢cNc + YlDt‘Nq"‘ 04Y2BNY

(_ = 1.3 (1000) (5.7) + 125 Ib/ft* (6.5) (1)

C{/ =8222.5 Ib/fi?



P

Figure 3.1d: Ultimate Bearing Capacity

Allowable Bearing Capacity

Allowable bearing capacity (qa) refers to the loading per unit area that the soil is able to support
without unsafe movement. It is also referred to as the design bearing capacity. A factor of safety

of 2.5 to 3 is commonly applied to the value of qui. Care must be taken to ensure that a footing

design is safe with regard to:

1. Foundation failure (collapse)

2. Excessive settlement _;-'



Allowable Bearing Capacity:

Q.= Quit /3
U
%a =3,365.83 Ib./fi?

w Q.-2740.83 Ib/ft?

The allowable bearing capacity of the soil is determined to be 4.08 ksf for a 3.5t by 3.5ft

footing. This value will be used in ensuing foundation designs of compactness of the soils.

Primary Consolidation Settlement

Because there is no water, there is no consolidation settlement. P

L
Results & Discussion é%

In order to determine the dimensions of the footing, the ultimate bearing capacity has to be
calculated using the Terzaghi’s bearing capacity factors, which depend on the internal angle of
friction of the soil. To get the Ultimate Bearing Capacity the unit weight, cohesion of the soil,
and the depth of the soil are needed to be known. When boring logs are taken at various locations
on the site at different depths the angle of friction determined can be affected. If the angle of
friction is affected, the Terzaghi’s bearing capacity factors are affected too. When the type of soil
is different at each point where a boring log was taken this also affects the unit weight of the soil

and the cohesion of the soil. Since dimension of the footing and other things are not known, the

o



ultimate bearing capacity would not be consistent throughout the project. This would also change
the allowable bearing capacity as well. Having footing with uniform dimensions would be more
efficient and effective; but In order to determine the dimensions of the footing that would be
effective across the site, calculations are needed to be done. Calculations were made for each
depth of each boring log to determine the ultimate bearing capacity for a strip foundation. Based
on this calculation, the lowest ultimate bearing capacity was taken to overestimate our ultimate

bearing capacity. Based on this, the dimensions of a foundation is determjned.

w¥

Conclusion

™~

In conclusion, this group was able to learn various processes in the field of geotechnical
engineering. The objective of the Geotechnical Group was to explore the subsurface conditions
at this site to facilitate foundation design for the proposed structures and then provide general
recommendations for the new existing building for Lubbock, Texas. scope of services included
drilling soil borings to depths of 0 to 20 feet below the existing grades within the proposed
development area, laboratory testing and preparation of an engineering report. All in all, this

group was able to successfully apply geotechnical engineering practices to this project.

o
-~
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CVEG 4100 Geotechnical Engineering Design
Project 2- Fall 2021

Design Project 2

Description:

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.



ORING LOG

EEEEN
=. T .= PROJECT NO.: STR 2450L TEST HOLE: B-1
EEEEEE® | INVOICE NO.: 239386 SHEET NUMBER: 1_of 1
EEEEEEN PROJECT: New Building DATE STARTED: 6/4/2019
EEEEEEN McKinnev. Texas DATE FINISHED: 6/4/2019
LOCATION: | y, Iex DRILLER: LeoK.
TERRA CLIENT: PVAMU LOGGER: Bradley W.
nee 1977 CONTACT: DR.Alam REVIEWED BY: B. Caro
DRILLRIG: CME-75 TEST HOLE DIAMETER (in): 8 GROUND WATER \II)V‘:\TI'II‘E:R
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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 er in the project. This report also consists of
different sections that will analyze som€ 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@isﬁf continuous footing around the building and spread fWer the Wel

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 Ib) 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.

/
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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 con
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Circular Pile: Agircular pile=1.23ft2 ; P=3.93 ft.

Square Section Pile: Agquare pile:1~56ft2; P =5 ft.

Table 1a: Boring 1 Analysis for Circular Pile

Depth (ft) | SPT Cu (psf) | Cu/Pa o Qp (Ib) Qs (Ib) Qu (Ib)
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 25,7423
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
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Depth (ft) VS Qs, Qp, Qu (Ib)
Capacity Curve 1a

Qp, Qs, Qu (Ib)
0 10000 20000 30000 40000 50000 60000 70000
0
——
< Qp
= —8— Qs
L=
= 10 Qu
@
o
15
20
Table 1b: Boring 1 Analysis for Square Section Pile
Depth (ft) | SPT Cu (psf) | Cu/Pa 0] Qp (Ib) Qs (Ib) Qu (Ib)
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 72,.186
L~
18.75 31 4050 2.03 /}5/ 56,862 26,578/.1/ 83,440.1

-
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Depth (ft) VS Qs, Qp, Qu (Ib)
Capacity Curve 1b

Qp, Qs, Qu (Ib)
0 20000 40000 60000 80000 100000
0 &
< —e—Qp (Ib)
rm —8— (s (Ib)
'E_ 10 Qu (Ib)
Q
o
15
20

CALCULATIONS FOR BEARING CAPACITY ALLOWABLE:

7
lbs
Qs.1 = Pcircular X Z(fn xA L)=3.93 ft. x [71,698.13 E] =281,773.6 Ibs
- .

e

Ibs
Qp,1 =9 x Cyu X Acircular pile =9 * [4,050 ?] x 1.23ft* = 44,833.5 Ibs
t

7

Ibs
Qs,1 = Psquare Z(fn xA L)=3.93 ft. x [71,698.13 F] =358,490.6 lbs
- .

Ibs
Qp,1 =9 % Cu % Agquare pile =9 % [4,050 ?] x 1.56ft> = 56,862 Ibs
t

Qu,square = Qp + Qs = 56,862 Ibs + 358,490.6 Ibs = 415,352.6 1bs
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Qu

415,352.6 1bs

EXPLAIN THE Q- ALLOWABLE :

Quttowable = = / = 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 Ibs or failure will occur.

Table 2a: Boring 2 Analysis for Circular Pile

Depth (ft) | SPT Cu (psf) | Cu/Pa o Qp (19, Qs (Ib) Qu (Ib)
0 5 550 275 92 ,6‘@.5 0 6088.5
2.5 9 1200 .6 .6 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 A48 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
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Depth (ft) VS Qs, Qp, Qu (Ib)

~—__—~Capacity Curve 2a
Qp, Qs, Qu (Ib)
0 20000 40000 60000 80000 100000
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o
15
20
Table 2b: Boring 2 Analysis for Square Section Pile
Depth (ft) | SPT Cu (psf) | Cu/Pa o Qp (Ib) Qs (Ib) Qu (Ib)
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 4@0 12,000 40,080
15 10 1400 7 )8/ 19,656 30,450 50,106
18.75 47 5000 2.5 34 70,200 31,875 102,075
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Depth (ft) VS Qs, Qp, Qu (Ib)

/pﬁ(:lty Curve 2b

Qp, QS O.u (Ib)

80000 100000 120000
0
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15

20
CALCULATIONS FOR BEARING CAPACITY ALLOWABLE

7
Ibs
Qs.2 = Pcircular X Z(fIl xA L) =3.93 ft. x [3%570 F] =226,250.1 Ibs
- .

Qs,2 =

Depth (ft)

lbs
PSquare X Z(fn XA L) = 5 ft. X [57,570 _] = 287 850 le
1

Ibs
Qp’z = 9 X Cu X Acircular plle = 9 X [5,000 ?] X 1.23ft2 = 55,350 le
t
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Ibs
Qp’z = 9 X Cu X Asquare plle = 9 X [5,000 p] X 156ft2 = 70,200 le
t

Qu,square = Qp + Qs = 70,200 lbs + 287,850 Ibs = 358,050 1bs

Qu 358,050 Ibs
QAllowable = FS. = 3 = 119,350 Ibs

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 Ibs or failure will occur.

-
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Table 3a:

Boring 3 Analysis for Circular Pile

Depth (ft) | SPT Cu (psf) | Cu/Pa o Qp (Ib) Qs (Ib) Qu (Ib)
0 6 700 35 78 7749 0 7749
2.5 13 1800 9 Sl 19,926 9019.4 28,945.4
5 17 2550 1.28 42 28,228.5 |110,522.6 |38,751.1
7.5 14 1900 95 52 21,033 9707.1 30,740.1
10 13 1800 9 Sl 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
Depth (ft) VS Qs, Qp, Qu (Ib)
Capacity Curve 3a
Qp, Qs, Qu (Ib)
0 10000 20000 30000 40000 50000 60000 70000
0
. —&—Qp
= —8— (s
i i
= 10 Qu
QL
a
15

P
]
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Table 3b: Boring 3 Analysis for Square Section Pile

Depth (ft) | SPT Cu (psf) | Cu/Pa o Qp (Ib) Qs (Ib) Qu (Ib)
0 6 700 35 78 9828 0 9828
2.5 13 1800 9 51 25272 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 25272 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
Depth (ft) VS Qs, Qp, Qu (Ib)
Capacity Curve 3b
Qp, Qs, Qu (Ib)
0 20000 40000 60000 80000 100000 120000 140000
0
c ——(Qp
= —8— Qs
g_ 10 Qu
Q
O
15

]
=
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CALCULATIONS FOR BEARING CAPACITY ALLOWABLE:
7
Ibs
QS,3 = Pcircular X Z(fn XA L) = 3.93 ft X [76,440 E] = 300,4092 le
1 .
7
lbs
Qs,3 = Psquare % Z(fn XA L)=5 ft. x[76,440 E] = 382,200 lbs
1 .
lbs )
Qp,3 =9 % Cy X Acircular pile = 9 % [6,000 p] x 1.23ft" = 66,420 lbs
t

Ibs
Qp’:’, = 9 X Cu X Asquare plle = 9 X [6,000 F] X 156ft2 = 84,240 le
t

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

Qu 466,440 Ib
FS. 3

QAllowable = =155,480 Ib

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 Ibs or failure will occur.
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\

Table 4a: Boring 4 Analysis for Circular Pile
Depth (ft) | SPT Cu (psf) | Cu/Pa o Qp (Ib) Qs (Ib) Qu (Ib)
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 29 34 64,206 29,062 93,268
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Depth (ft) VS Qs, Qp, Qu (Ib)
Capacity Curve 4a

Qp, Qs, Qu (Ib)
0 20000 40000 60000 80000 100000
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20
Table 4b: Boring 4 Analysis for Square Section Pile
Depth (ft) | SPT Cu (psf) | Cu/Pa o Qp (Ib) Qs (Ib) Qu (Ib)
0 5 550 275 .92 7722 0 7722
2.5 14 1900 .95 52 26,676 12,350 39,026
5 15 2000 1 A48 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
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Depth (ft) VS Qs, Qp, Qu (Ib)

Capacity Curve 4b
Qp, Qs, Qu (Ib)
0 20000 40000 60000 80000 100000 120000 140000

0
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@
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15

20

CALCULATIONS FOR BEARING CAPACITY ALLOWABLE:

7
Ibs
QS,4 = PCircu]ar X Z(fn XA L) = 3.93 ft. X [70,877.5 E] = 278,548.6 le
1 .

7
Ibs
Qs,4 = PSquare X Z(fn xA L) = 5 ft. X [70,877.5 E] = 354,387.5 ].bS
1 .

Ibs
Qp’4 = 9 X Cu X Acircular plle = 9 X [5,800 ?] X 1.23ft2 = 6 s 06 le
t
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Ibs
Qp’4 = 9 X Cu X Asquare plle = 9 X [5,800 p] X 156ft2 = 81,432 le
t

Qu,square = Qp + Qs = 81,432 Ibs + 354,387.5 Ibs = 435,819.5 1bs

Qu  435,819.5 Ibs
FS. 3

QAllowable = =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.
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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:

Square Section Pile: Agquare pile= bh =1 5612

Circular Pile: peircular pite= 27r = 3.93 ft. /

Square Section Pile: pgquare pile= S x4 =5 ft.

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

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

Qu,Square = Qp + Qs

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

Where
C,- mean undrained shear strength

A - area

To calculate the friction bearing capacity ( Qg ):
Q=P x X (f, xA L)
Where

P - perimeter

f, - unit friction resistance at any depthz.  f,=aC,

/
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When the bearing capacity (Q,) 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 (Qajjowable)- The
factor of safety generally used ranges from 2 to 3.

Qu
QAllowable = fg.

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 Ibs + 358,490.6 1bs = 415,352.6 lbs

Qu 4153526 Ibs
FS. 3

QAllowable = = 138,45087 Ibs

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 Ibs = 358,050 1bs

Qu 358,050 Ibs
FS. 3

QAllowable = =119,350 Ibs

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 Ibs + 382,200 1bs = 466,440 lbs

Qu 466,440 Ib
FS. 3

QAllowable = = 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 Ibs or failure will occur.

For boring log 4;

Qu,Square = Qp + QS = 81,432 le + 4 7.5 le = 435,8195 le

Qu  435,819.5 Ibs
FS. 3

QAllowable = = 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 Ibs or failure will occur.

CONCLUSION

Bearing capacity is the capacity of soil to support the loads applied to the ground.The bearing
capacity ( Q,,) 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 oses we will choose the minimum of all Q

allowables at 119,350 Ibs.
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Appendix

D(“fl:)"' SPT |Cu@sD| CuPa a Qp) | Os@) | Qum) f AL
0 5 550 1275 092 6088.5 0 6088.5 506 0
25 11 1500 0.75 0.62 16,605 9137.3 |[25.742.30 930 2325
5 11 1500 0.75 0.62 16,605 9137.3 [25.742.30 930 4650
75 18 3000 15 039 33,210 |11.49530| 44705 1170 8775
10 16 2500 1.25 042 27,675 |10,316.30(37,991.30| 1050 10500
15 2 3400 1.7 037 37,638 |24.719.70|62,357.70| 1258 18870
18.75 31 4050 2.03 035 |44,833.50|20,890.40|65,723.90| 1417.5 | 26578.13
Sum 7169813
Boring 1 Analysis for Square Section Pile
Depth -

() SPT Cu (psi)| Cu/Pa a Qp (Ib) Qs (Ib) Qu (b) f f*AL
0 5 550 1275 092 7722 0 7722 506 0
25 11 1500 0.75 0.62 21.060 11,625 32,685 930 2325
5 11 1500 0.75 0.62 21.060 11,625 32,685 930 4650
75 18 3000 15 039 42,12 14,625 56,745 1170 8775
10 16 2500 1.25 042 35,100 | 13,125 | 4822 1050 10500
15 21 3400 17 037 47.736 31,450 79.186 1258 18870
18.75 31 4050 2.03 035 56,862 |26.578.10|83,440.10| 14175 7813

Sul 7169813
la: Boring 2 Analysis for Circular Pile
Depth .
a0 SPT | Cu (psf)| Cu/Pa a Qp{b) | Qs(b) | Qu (b) f f*AL
0 5 550 275 0.9 6088.5 0 6088.5 506 0
25 9 1200 06 0.6 13,284 7309.8 |20,593 80 744 1860

281773.6
358490.6

281773.6
358490.6
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5 12 1650 | 083 | 054 |18265.50] 87541 |27,019.60] 891 | 4455
75 15 2000 1 048 | 22,140 | 9432 | 31572 | 960 | 7200
15 10 1400 07 058 | 15498 |23933.70|30431.70| 812 | 12180
1875 | 47 5000 25 034 | 55350 |25053.80|80,403.30] 1700 | 31875
sum | 57570
Soring 2 Analysis for Square Section Pile
D;fl:;h SPT |Cu (psf)| Cu/Pa a Qp ) | Qs(b) | Qu(b) f f*AL
0 5 550 275 | 092 | T2 0 7722 506 0
25 9 1200 06 062 | 16848 | 9300 | 26148 | 744 | 1860
5 12 1650 | 083 | 054 | 23166 |11,13750[3430350] 891 | 4455
75 15 2000 1 048 | 28,080 | 12000 | 40,080 | 960 | 7200
15 10 1400 07 058 | 19,656 | 30450 | 50,106 | 812 | 12180
1875 | 47 5000 25 034 | 70200 | 31875 | 102075 | 1700 | 31875
sum | 57570
ia: Boring 3 Analysis for Circular Pile
Depth
ff':) SPT |Cu (psf)| Cu/Pa a Qp@) | Qs@) | Qu) f AL
0 6 700 | 035 | 078 | 7749 0 7749 546 0
25 13 1800 09 051 | 19926 | 90194 |28045.40| 018 2295
5 17 2550 | 128 | 042 |2822850|1052260|38751.10] 1071 | 5355
75 14 1900 | 095 | 052 | 21,033 | 9707.1 |30,740.10] 988 7410
10 13 1800 09 051 | 19926 | 90194 |2894540| 918 9180
15 11 1500 | 075 | 062 | 16605 |18.27450|3487950] 930 | 13950
1875 58 6000 3 034 | 66,420 |30,064.50|36,484.50] 2040 | 38250
Sum 76440

2262501
287850

226250.1
287850

300409.2



Boring 3 Analysis for Square Section Pile

382200

Depth
:f':) SPT |Cu @sh| CwPa o Qp@) | Qs@) | Qu(m) f AL
0 6 700 | 035 | 078 | 9828 0 9828 546 0
25 13 1800 | 09 051 | 25272 | 11475 | 36747 | o918 | 2295
5 17 2550 | 128 | 042 | 35802 |1338730|49.189.50] 1071 | 5355
75 14 1900 | 095 | 052 | 26676 | 12350 | 39.026 | 988 | 7410
10 13 1800 | oo 051 | 25272 | 11475 | 36,747 | 918 | 9180
15 1 1500 | 075 | 062 | 21060 | 23250 | 43310 | 930 | 13950
1875 | 58 65000 3 034 | 84240 | 38250 | 122490 | 2040 | 38250
Sum 76440 | 300409.2
382200
la: Boring 4 Analysis for Circular Pile
Depth
E\fI:) SPT |Cu (s)| CuPa @ Qp | Qs@) | Quw) f f*AL
0 5 550 | 0275 | 092 | 60885 0 60885 | 506 0
25 14 1900 | 095 | 052 | 21.033 | 9707.1 |30.740.10] 988 | 2470
5 15 2000 1 048 | 22.140 | 9432 | 31572 | 960 | 4800
75 16 2500 | 125 | 042 | 27.675 |1031630|37.991.30| 1050 | 7875
15 18 3050 | 153 | 041 |33.763.50|36.858.50] 70,622 | 1250.5 | 187575
18575 | 53 5800 | 29 034 | 64206 | 29062 | 93268 | 1972 | 36975
Sum J08775 | 278548.6
354387.5
Boring 4 Analysis for Square Section Pile
Depth
E\fl:) SPT |Cu@sh)| CwPa o Qp@®) | Qs@) | Qum) f f=AL
0 5 550 | 0275 | 092 | 7722 0 7722 506 0
25 14 1900 | 095 | 052 | 26676 | 12350 | 39.026 | 988 | 2470
5 15 2000 1 048 | 28.080 | 12.000 | 40080 | 960 | 4800
75 16 2500 1.25 042 35,100 13,125 48,22 1050 7875
15 18 3050 1.53 041 42 822 |26,89380( 89715 1250.5 | 187575
18.75 53 5800 2 034 81,432 36,975 118407 | 1972 36975
Sum J08775

278548.6
354387.5
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Letter of Transmittal

October 13, 2021

Dr. Jobair Bin Alam
Civil & Environmental Engineering

Prairie View A&M University

Dear Dr. Alam,

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=Q, TQ; (1)
Where,
Q, = Load carrying capacity of the pile point
Q, = frictional resistance

The load carrying capacity can be found by,

Q,=N*cA, )

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

Q,=9CA, 3)

¢, = undrained cohesion of the soil

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

Q,=2 fpAL 4
f = unit friction resistance
p = perimeter of the pile section
AL = incremental pile length

For alpha method (a) the skin resistance is,
f=ac, %)

a = adhesion factor

1.4 Allowable Bearing Capacity

The allowable bearing capacity is the load per unitdrea the foundation applies on the underlying
soil.

Qan :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 Ib.The allowable bearing capacity for the circular pile foundation was found
to be 393801b.

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 Aable 24 in the SPT handout on canvas. Alpha (a)
was found using Table 12.11 in ‘Principles/0f Foundation Engineering 9th ed.” The load carrying
capacity of the pile point (Qp), frictionagf resistance (Qs), and ultimate load bearing capacity
(Qu), were also calculated in the es. 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 (Ib) Qs (Ib) Qu (Ib)
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
v
Table 1b. Boring Log 1 Circle
Depth SPT Cu (psf) | Cu/Pa a Qp (Ib) Qs (Ib) Qu (Ib)
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 22@1 66681
-
Table 2a. Boring Log 2 Square

Depth SPT Cu (psf) | Cu/Pa a Qp (Ib) Qs (Ib) Qu (Ib)
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 (Ib) Qs (Ib) Qu (Ib)
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 120632 64912
/
Table 3a. Boring Log 3 Square

Depth SPT Cu (psf) | Cu/Pa a Qp (Ib) | Qs (b) Qu (Ib)
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 (Ib) Qs (Ib) Qu (Ib)
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 (Ib) Qs (Ib) Qu (Ib)
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 ,4260 33602 75722
18.5 53 4000 2 \0-3’/ 56160 20633 76793
Table 4b. Boring Log 4 Circle

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

10
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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.
Capacity Curve BL-1a

Qp, Qs, Qu
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

—e—Qp(lb) —e—Qs(lb) Qu (Ib) \/

Figure 1a. Capacity Curve Boring Log 1 Square

Capacity Curve BL-1b

Qp, Qs, Qu

0 10000 20000 30000 40000 50000 60000 70000 80000
0 .

5
=
2 10
@
]

15

20

——Qp (Ib) —@—0Qs(Ib) Qu (Ib)

Figure 1b. Capacity Curve Boring Log 1 Circle

11



Md Jobair Bin Alam
144250000000001819


Capacity Curve BL-2a

Qp, Gs, Qu
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

—8—Qp(lb) —8—Qs(lb) —e—Qulb)

Figure 2a. Capacity Curve Boring Log 2 Square

Capacity Curve BL-2b

Qp, Qs, Qu
0 10000 20000 30000 40000 50000 60000 70000

%]

Depth
=
(=]

15

20

—e—Qp(lh) —e—aQs(lb) —e—Qu(lb)

Figure 2b. Capacity Curve Boring Log 2 Circle
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Capacity Curve BL-3a

Qp, Qs, Qu
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

—8—Qp(lb) —®—Qs(lb) —e—Qu(lb)

Figure 3a. Capacity Curve Boring Log 3 Square

Capacity Curve BL-3b

Qs, Qp, Qu
0 10000 20000 30000 40000 50000 60000 70000

—e—Qp(lb) —e—aQs(lb) —e—Qu(lb)

Figure 3b. Capacity Curve Boring Log 3 Circle
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Capacity Curve BL-4a

Qp, Qs, Qu
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

%]

Depth
=
[en]

15

20

—e—Qp(Ib) —e—aQs(lb) —e—Qu(lb)

Figure 4a. Capacity Curve Boring Log 4 Square

Capacity Curve BL-4b

Qs,Qp,Qu
0 10000 20000 30000 40000 50000 60000 70000 80000

—e—Qp(lb) —e—Qs(lb) —e—aQu (lb)

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

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 bearipg capacity based on
its soil conditions. The allowable bearing capacity for the circle fowas found to be
39380 Ib, with a concrete volume of 24.54 cubic ft.

15
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Calculations

Square Pile Given
Qu=Qp + Qs Ap = 1.56ft*

Qu =9*Cu*Ap + f*p*AL
Qu =56160 + 93975
Qu=1501351b

_ Qu
Qall = Fs

Qall =222 50045 1b

Find the volume

V = I*w*h

V = (1.56 ft)(1.56 £t)(20 ft)

V=48.672

Circle Pile Given
Qu=Qp+Qs Ap = 1.23ft>
Qu = 9*Cu*Ap + F*p*AL r= 2= 7.5in(

Qu = 44280 +73862
Qu= 118142 b

_ Qu
Qall =TS

Qall —1522— 39380 1b

Find the volume

V =nr’h

V = n*(0.625)*20ft
V=24 541

Lty — 0.625in.

12in

16
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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

o

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 illl/ozving 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

v

exceed 15 in. by 15 in.
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Boring Logs

L—"]

Lian clay {CL), light brown

EEEEEEE ORING LOG
ENEEEEE |[PROJECT HO.: STFIZAEL TEST HOLE: B
EEEEEEE | INVOICE NO. 239386 SHEETNUMBER: 1 = 4
EEEEEER PROJECT, New Bullding DATE STARTED: GM4/2018
EEEEEEE DATE FIMISHED: G4r2048
LOCATION: McKinney, Texas DRILLER: Leo K.
TERBRA ~ PVAMU LOGGER: W.
CLIENT: Bradiey
coMTAcT. DR Alam REVIEWED BY. B. Caro
CRILL Rk5S: CME-TH TEST HOLE DIWAMETER iim): B m&m
| DFLLG METHOD:  Hollow Stom Augar TOTAL DEFTH (%) 20 DATE TIE CEBTH iy REMARKS
TYPE CASIWG | SPLIT SPOON | SHELEY TUBE TF GRAR RADSK GORE B0 430,00 PM1 7.5
EvaeoL] ra 5 TR EE I:n
FIELD RESULTS LABORATORY RESULTS
| LABORATORY RESULTS |
| | #otbia 7 g
|
@ g DESCRIPTION o [
z 5 85| zlez|aZlz | B,
& w|H %EE EEEE?E 3339 EE
olEls]al®|RE Sug_._.ir.ﬁ =
B 3 S I — 1Y B i Y e
E 3| a7 Fail clay (CH}, wery dark gray 7.4
5 \ 3 5 el | AT T T T T T T T T T T T T T T T T T T T T 190
. PSH) light brown
i iT.E| 42 15 a7 |824

L]

T1se

128

BoSom of Borehole at 20 feet

e
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EORING LOG

[CH), light brown

Fa

EEEEEEE
EEEEEEE (PROJECT HO.: STR 2450L TEST HOLE: B-2
EEEEEEN INVOICE ND.: 239386 SHEET NUMBER: 1 o 4
EEEEEEE FROUECT: New Bullding OATE STARTED: BM42015
EEEEEEN DATE FINISHED: &42018
TERRA LOCATION: McKinney, Texas DRILLER: Leo K.
CLIEMT: PYAMU LOGEER: Bradley W.
(el T COMTACT: DR. Alam REVIEWED BY: B. Caro
DRILL i CMETS TEST HOLE DWMETER (in): B mammm:.u:;ﬁ
DRILLIG METHOD:  Hollow Siom Auger TOTAL DESTH (5] 20 DATE TIE DEFTH ¢y | FEMAAKS
twpey | ceamn| e seoon|aveiey Tuse| Top | chse | mockeore | mmpoin 9:30:00 Al 13
EYMEOL| A 5[ u T Gl cl B0 51400 Pl 185
FIELD RESULTES I LABORATORY RESULTS
=
| | #ofbio 7 g
lows | £
& ¥ E DESCRIPTION E 1 S_ # '3'
EIBL, [ (Bgls.l 8 ileflesiaclssl 2
& R .
AHBAHEEEE $5|25|35(38) 25| B8
T \ R E ELE
E 2|45 Fai clay (GH), very dark gray zap| = | 21 | 48 [san
E'S als|e e RET [ 1
S a7 |e 01
(CH.  brown 2z4| =0 | 18 | 34 [saof

18.2

Bomom of Borshole at 20 feat
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EEEEEEE BORING LOG
EEEreEE |PROJECT NO.:STR 24500 TEST HOLE: B-3
EEEEEEN INVOICE MO, 239386 SHEETMWUMBER: 1 o 4
EENEEEE PROJECT: New Bullding DATE STARTED: GM4/208
- DATEFSIED saars
LOCATION: MeKi . T I .
TERRA CLIENT PYAMU | LOGGER. Bradiey W.
(il ST CONTACT: DR, Alam REVIEWED BY: B. Caro
DRILL R¥5:  CME-TE TEST HOLE DIMETER {inj: B
|oFmLRG METHOD:  Hollow Stem Auger TOTAL DEFTH (#): 20 DATE TRAE DEPTH ¢y | FEMARKS
TYPE | CASING|SFLIT SPOON|SHELEY TUBE| TP | GRAE ROCH CORE B 7:30:00 P8A 175
SYNIBOLY riA EE u T A EE [:n
FIELD RESULTS LABORATORY RESULTS
it bl = R
| | #oreia i g
lows
] g DESCRIPTION EE B = L
: ) i| Z[eE|22(5 ] B,
& w | & ?gua_ Egigglégggv EE
als| 2|l |RE[EE Eug_.-_.-zr-ﬁ =
a l T ) E] 1
E 2|s5]e Faf clay (CH), wery dark gray 190)| 51 | 20 | &1 ferT
E_K ale |s| | BT TTTTTTTTTTTTTTTTTTT ara
K 4|6 |8 15.3 54.5
1"3355 Nz18]| 7o | 2=z | 28 |ses
{EHL light brown
15'§ a|ls5 |6 1226 3.8
K B |2 | ar 17.5| =B | 20 | 38 |14
KL Bomom of Borehole at 200 feet
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EEEEEEE BORING L
EEEEEEE |PROJECT MO STR 24500 DG TEST HOLE: B-4
EEEEEENR INVOICE ND.: 239386 SHEET NUMBER: 1 of 4
EEEEEREE PROJECT: New Bullding DATE STARTED: &/S/2019
o] e —— SATE CHSES S
L ioM: McKinney, Texas | .
TERRA CLIEMT: FVaMU LOGGER: Bradiey W.
P COMTACT: DR. Alam REVIEWED BY: B. Caro
DRILL FKG:  CME-TS TEST HOLE DIBMETER {in): B
|oFaLG METHOD:  Hollow Stom Auger TOTAL DEFTH (&) 20 CATE | = DEFTH gy | ==enna
Tvpes | Catn|=FuTspoon|sseiey uee| Tor | oRree ROCK CORE P09 8 15:00 A 14
EVMBOL| rin 2 u T Gl cll
FIELD RESULTS | LAECIHATCIH"F;{ESLILTS
_ SPT, E
o #of Blows = & ]
- -4 DESCRIPTION E_ o %'
- - 5l #leoz|oz|z
: i5| zlez|2zle| &,
a3y | w e (&g ﬁgggggﬁ E‘E E
AHEHE 28|33(24|28|28
| S oz |32 ME
E i|s|e Fait clary (CH), very dark gray 0.0
5k | 3|6 | = -——— === 17.2
l [CH}, light brown
Eﬂl! """""""""""" 13| 38 | 13 | 22 |esz
1I:I'I
(L), yellowish brown
15 \ 5 | 8 |1 ) RLF-
| 8 | 23| a0 183 54 | 20 | 34 |BEE
Fai clay (CH), yelowtsh brown
Ed Bocen of Borehcle at 20 feat
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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 QS and Qp, respectively, when the pile is carrying the ultimate

load Qu. From a standpoint of equilibrium,

Q=0 +Q _—
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, QS ~ 0. With Qp ~ 0, the full weight is expected to be passed via

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 mwlug 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=aC .

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

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

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

have a high Cu content. Despite the greater Cu, a can still be closer to unity.
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Table 12.11 in our Principles of Foundation Engineering, 9th Edition textbook shows the
estimated fluctuation of the value of a. Because a is a function of vertical effective stress and
undrained cohesion, the values of a in Table 12.11 may vary slightly. The ultimate side
resistance can thus be given as,

Qs = XfpAL = ZaCupﬁL/
Where, p is perimeter and ALis the change in length.

The net ultimate load for piles in saturated clays under undrained conditions (¢ = 0) can
be written as,

Qp = 9CuAp

Where, C y is the undrained cohesiveness of the soil ben@%e/pile's base.
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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

10
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Capacity Curve (s)
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Capacity Curve for Square Pile

Depth (ft)

Capacity Curve (Square Pile)

Capacity Curve for Circular Pile

Depth (ft)

—@— Boring Hole #2
—@— Boring Hole #4
—@—Boring Hole #3

Boring Hole #1

25

—&— Boring Hole #2
—@— Boring Hole #4
—@— Boring Hole #3

Boring Hole #1

25

-

Capacity Curve (Circular Pile)
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Capacity curve: recommended is depth in y axis and capacity in x axis. The plot seems to be generated based on 2 points. Also, Individual capacity such as Qs, Qp and Qu should be plotted separately to distinguish the capacity provider and total capacity. 


Appendix

Boring Hole #4
Soil Type Depth Unit Weight Saturated SPT (N) Cu=c (psf) (Cu/Pa)
(ft) (pcf) Unit Weight
(pcf)
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 4.5 - 128.80 18.00 2400.00 1.20
Clay (CL)
Saturated Fat 1.5 - 131.70 53.00 5000.00 2.50
Clay (CH)
20
Table. 1: SPT and Cohesion Uniformity
Circle Square
Depth (ft) | AL (ft) o Cu (psf) Qs=ALaCuP Qs=ALaCuP | Qs=ALaCuP | Qs=ALaCuP
(Ib) (kip) (Ib) (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 /w{l 12750.00 12.75

Table. 2: Ultimate Side Resistance

12
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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

TABLE 12.11 Variation of « (Interpo-
lated Values Based on
Terzaghi et al., 199%)

e
Pa a
=10l 1.00
0.2 092
0.3 082
04 0.74
(1.6 (.62
0.8 054
1.0 048
1.2 N4z
1.4 (.40
1.6 038
1.8 .36
20 0.35
24 .34
28 .34

Note: p, = atmospheric pressure
= 100 kN/m*
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Table 3.2 Void Ratio, Moisture Content, and Dry Unit Weight for Some Typical Soils in a

Natural State

Natural moisture

content in a Dry unit weight, v,

Void saturated
Type of soil ratio, e state (%) kN/m®
Loose uniform sand 0.8 30 14.5
Dense uniform sand 0.45 16 18
Loose angular-grained silty sand 0.65 25 16
Dense angular-grained silty sand 0.4 15 19
Stiff elay 0.6 21 17
Soft clay 0.9-1.4 30-50 11.5-145
Loess 0.9 25 13.5
Soft organic clay 25-32 90-120 6-8
Glacial till 0.3 10 21

Table 24. Approximate values of undrained shear strength for cohesive soils

based on SPT blow count N-values (from Terzaghi and Peck, 1867)

Soil Consistency SPTN S, (psh)
{See Note)
Very Soft < 2 = 250
Soft 2-4 250 - 500
Medium 4-8 500 - 1000
Stiff B-15 1000 - 2000
Very Stiff 15-30 2000 - 4DQD
Hard = 30 = 4000

© Cengage Leaming 2014
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Calculations for Bormg Log #1

| @e= 9¢r2204%) (2600807 = 330
| 2 e =9 ¢ 1gehr") dumm‘,} _-F
| @ = 9 am) e

nh?_ s i'!z uupml Cu
£ PO W kv .3 ‘4“‘T;_..L_
ﬂH- PEadh e 26 - -ﬁ'ﬁ' 4.~ I'{"" o

- R et

= ST 15&&.‘#-.?3-{3?%}::4” o. L4

o

S o

a= 1.4

Gz [ 16c07) Cleooss 50 1 n | oWiY =

5 taf Rt clay e Qv 27 l0F 54 \20add I

1—1

&h:'EH* LADOLE fF+7 . £ - B lm
e = q{l-ﬂaﬁ'-}f‘.}ﬁi'ﬂmbfi T o= |za¥s = ¢£§I.r

1.—;:-

:L-p.u.

G = €%+ \Toode (4%, .cp - 5. 98 V267U q'g[

a=-%9

- Soe) (1 7oeiim®) = 2276725 -’stwfa S

lo=17-6%4 &ma{..}.. r=t9smm" =l

Bz 750 - 1T00LEHT- gy S :
| @e= Q238 Ulroatses) = 1721944 - AR EL i

(il i
iE

e
[

o

it a5} » ST 2 3 J0ES. o8

Bk {.LH- T;-.d = I.Z :'.-"'w

-.*’ '-'_.- el
E. e b
um'g,ig,,.
1.,.
';"__"-.} i
Lﬁdmg &ww
f;'_',:.-S : —
. : H
iﬂ'ﬁa‘ﬁ!&ﬂ— &L3is2g df = Iiﬁ,qm# s
‘L_Hu ot '{"i-
e . % » “,
‘: ;lzr Lpnn D,:r e - Kar I‘hﬂ o

.'"1""' > o

15


Md Jobair Bin Alam
144250000000001819
sample calculations must be computer typed. 


Calculation for Boring Log #2
|2, oy Nect Lole HZ

6 —5§t Fak<cly
= 133254¢

= - ‘- - &+
ﬂcfs- é‘?. /f;.";aéifﬁh:s?&z . ?-5‘?3#—'- 16,473,954 ~ <\rele
=9 (1LECH+"D) (GLodé et ) = c[fié.fgi ::::;:g_
Qe = O C1- 236D (6B bIH) = Z195.8

Fi F_"_' E‘H 'ﬁyrc
P:_." E.q 5‘["-'| - eire 14_-_

A= -
Cu= LEOL I s

— SBpusi<

_______-____...-—-'-'-_.
'S'H - IE‘F'*' Fﬂ.*-dn_‘?f {m={zﬁfﬁéﬁﬁ’?
B T =D e .
_ g6+ - \SEOLL - L2 -5t = BIBOLE = aic:ﬂk

Cg: = g6+ - \BE0LE T~ 52 zAsk= 20, 2'15- 2848
G = V(1. 860) (155024 ggr7) = BEATYLE = Sere
Qp - O (1.23p") (125025 ) = F0HTE

Co= 137584045°

|38 - Rott Tt cloy a2 137
R = T o VEBLLIH - LE - 56 = 3212546 ~ Seem®
Qs = 7H < \BTLET 45 - 3H6= 259019544 —cirele
G = Q (.56 (131 = 19 30844 = Speare.

Ge q (1-236Y (BB = 15221.2506 - <inde

ach= 13793324 = 1337 Res

Oh= Gy +0p = EH5304
37946 | Qe30Es  Spere
._______——-—"'"

3
Ou = b4 5726 + Y2796.25 0 - \0N,33€. B304 = 1693 s

163.3¢es = ]_35.*:1 K3 -c"welf../
3 -
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Calculations for Boring Log #3

B o 42
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T e
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Calculations for Boring Log #4

Bnrm%‘_HnIc. # 4 Calf'ﬁf}c.- C=l“r:2ﬂ 1‘-;-':-‘.)

F;_L-'\]f;;‘ uf:.;niy ) )

s :L‘?"%B}.@' Sx 18571k 5) + (0148 x 200 x 2.5) + (0.4 201333 % 4.5)

HO. 42 % 2400 w0 H.5) +(03Y4 x o0 x LE)T [
Q=801 tp

@ - ?J’ H_ﬂ: - - a5
. P C Ap*li?x bm“(;(é)?]Aﬂm:Bﬁ.ll H'f’
. Qs+, Boy4s+552a
Qu = Es - —E;-f 3 :‘HB,M I-‘np! |

5
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GEOTECHNICAL ENGINEERING DESIGN LAB
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Exam 1

TOPICS COVERED IN Exam 1

1. Sub-soil Exploration

2. Shallow Foundation Design
3. Stress Increase

4. Consolidation Settlement

NOTE: Pages E1 through E7 should be repeated for each Homework
and Similarly for all the other assignments in the course binder
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CVEG 4100 — Geotechnical Engineering Design
Mid Term Exam, Fall 2021
(Time: 1.50 hours)

Y Student ID: ......cceciii i

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)

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)

Plan view
Column —
Er/ 20m +E|
- v
Footing A Footing B
Vertical Load, Q = 500 KN Vertical Load, Q = 400 KN
Moment, M = 0 kN-m Moment, M = 180 kN-m

W
Section: /"i"“\l
[ 7 4w

fe——

B

A

Figure 1
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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

Water Tank

,,,,,,,,,,,,,,,,,, >
C |< 3Im
Z=12m
Gork = 70 kPa Tunn\e\I\Cen(erIine v C
Diameter of Water tank Tunnel
18m
Plan Section

Figure 2
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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?

— Note: 1 inch =2.54 cm

L=38cm

L=17cm
I

4 [L=35cm
no pieces > 10 cm

N

L=20cm

L=35cm

i——r"j~ljn'}lir1g Break

L=55cm
no recovery

r—

Figure 3
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Problem 4 (20 pts)

A square footing in Figure 4 of size 6 m x 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.

I Y =18.5 kN/m3
D{= Im
|
1 v ! v
. Yeae = 20.0 kN/m3
Figure 4 C =200 kPa

® = 30°
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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. x 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, o = 1368.6 psf

Compression Index, C¢ = 0.396

Swelling Index, Cs = 0.04

Initial Void Ratio, e, = 0.8

Calculate the primary consolidation settlement of the square footing (@center) due to the given loading condition of
the 5 ft. x 5 ft. square footing. Determine stress increase using m&n method (Boussinesq Case)

Q=375 Kip
Ground Surface  B-01 ‘ B-02
’J \_‘ Y =115 pcf
B Ysat= 116 pcf
EITH =]
= HITH
H | Year= 110 pef =

27

15 feet thick clay layer
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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.

DRILL RIG: CME-T5 TEST HOLE DIAMETER (in): & GRDU"DWATEREU‘:TT‘ER
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 20 DATE TIME DEPTH (i) | REMARKS
TYPE/ |CASING| SPLIT SPOON | SHELBY TUBE| TCP | GRAB ROCK CORE &/4/2019 4-30:00 PM 175
SYMBOL]| NA s ull Th] |60 cll
FIELD RESULTS LABORATORY RESULTS
T 3+
SPT w
£ " ' SPT | o - =
w of Blows o] £ m _.
y M) o DESCRIPTION w = £-|® S
= | w =, r5l FlozlcE|lo £
-} e | EE | 2= —
I | g = L FUO~= =~ Z3 = w
= - «@ = LDE|ISE|lhe|bl|las EE
T2 e | : o8|32|35|32|25| 8%
ool ] zo|a3|le3|az|ax| <E
UR T 1] 114 7 355 82 | 25 | 57 |973
\ %
\— 3 4 7 % Fat clay (CH), very dark gray 274
A\ %
7 ] _
5T 13| 5|6 7 19.0
\ %
- / (CH), light brown
\ | 4| 8 |10 175( 42 | 15 | 27 |924]
.\.
R 47|69 i 1199 -
.\
Lean clay (CL), light brown
15761 5 [ 10 1 i BREE: i
_\.
h 4
T 8 | 12| 19 |19.8
\
20 Bottom of Borehole at 20 feet

12
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(Time: 1.50 hours)

.........................................................................................................................................................

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.

. |t 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 histher
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 hitps:/incees.orglexams/calculator/
[This NCEES policy protects the integrity of NCEES exams and has been adopted to do likewise for department's
exams.)

EXAM GUIDELINES

1) Al celiphonesismartwatches MUST be placed in a book bags during exams and turmed 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 ferminates).
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Problem 1 (15 pts) A=qQn*

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 ndeyﬂs existing condition. (5 pts)
fohing B 8 likely o SP'H-rp the maf-}-j ,/

Plan view

P Colunin e B
= P e 5 B)Tota) M= BokN-m
A) Total M= 0ki.n e: .1
q o iq'a 2017
e M ¢ _0_ - O Fooling A Footing B 0o
& bgew Vertical Load, Q = 500 KN Vertical Load, @ =400KN L. 3 _ | _
Moment. M = 0 kN-m Moment. M = 180 kN-m b b - Z 'y
L. 1 _ ]
=~ -0 v L
6 (.0 ra Sachon” !fﬂi“\‘. u - ¢ 4 A
e L M
< Q.) LN '//
f in
o= Q. s00kV L — 5w
A A Con qml— B3
Figure 1
0, > 55.5bkky
v
.
g

2
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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 4 = 70kis
1. = - - -
A"—Il:-p-: ™ [if) 2 2545 m’ :
Y Yy Water Tuk :
=D. % - 7
o r —f—‘i‘—‘hﬂ ‘9.1"3[.“';
. 1Z=12m
; » |
i . AN
&mele;ai Water lank {’ Tunnel ( )
8m X, _\5__/
Plan Section
Z. . » ‘/ Figure 2
Frq°"
*x. 3 _
I R iR
=, 52
e A
-~ /
AO;:T%: '5’2(76’(&\):&({[‘”{&‘ ( /



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



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

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?

L “cht/l‘gl{-.-l‘;','n .

i=17cm/28Y4= [o.‘[;n

(- 35em/ 2547 13.8in

ne pieees = 10 gn

AN

=
7 A .,

fan

57.2in

><
N

<.
M

Looem/ 2547 7.4in

~

f.e 38 un/],l;""—' \3-8"’\

Pyrilling Break

‘l(]l

Note: 1 inch = 2.54 em
||
|

i Total length =79 4 1n

y L'Sicmljsq: 2'.7!1\ B!

L0 ICOvEry

Figure 3

| Rt e
72.5/, \%|Kock r&rmﬁ s fair because  +he

U{gl's—}l%’?n 507. and 757,

4
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Problem 4 (20 pts)

A square footing in Figure 4 of size 6 m x 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.

T=185kN/m?
Dr=3m
I :
B: bm . ‘f..:=20.0kN/m3
Fs=3 Figure 4 C = 200 kPa

0= —> N U7
e s 22.56 ;/
Nyz14.13 /
4=
GLU:I.BCNC i i”@i q'jBN'\j 9 10‘9
:'-3[20(}’(M/m?')(37.“9)'}' (Ig,‘;kh//m’)(gm)(lzL’é)_}.lqi,?gkuf'j([am)(lq.,;)

Q0010 kPa + 1240.53kPa +544.37k s / 4
757 5k pa - -7

Y=% 4+
] 7575kt
al ;%ﬂ: l . ’ 317Ky
-~
5)

(R}

(7
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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. x 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, o = 1368.6 psf

Compression Index, C¢ = 0.396

Swelling Index, Cs = 0.04

Initial Void Ratio, e, = 0.8

Calculate the primary consolidation settlement of the square footing {@center) due to the given loading condition of

the 5 ft. x 5 ft. square footing. Determine stress increase using mé&n method (Boussinesq Case)

fi=|375 kip A{‘Sﬂ)l-' 266 -

Ground Surface  s¢ | 8-02
k . .l
", Y =113 pet Y
1 (5 - T
: Tu= 116 pef :
I
i g —i _
= | T | psfr=
Sand i jﬁ:: Yoo 110 pel gﬁ B H
iC : :L:E_IIE 13 feet thick clav laver ?%E -L
Gravel [£34 [=] vﬂ:
”: ==
i
l:l* 13
L__] —] ‘- %_LI_[:
i S L
v ‘ Sofid Roc
7
JCR< G;' Figure 5
aa-’

00": {15 pef )+ A6 pef - 62 Ypef ) +7-5++(lf0p0f‘62.‘(p61c)
~ 60psf + 32U 6pst 35Tpst =136 psf /

CR= B62.0

T B d Vs

- r\UEs ON
N PAOE
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= (. °H Oy + AT
SC EXA log( I, )

Nz~ 35 p
F
AC = 4y T 14, v
TYXTx & h
9 [ 12001h
:‘Ix.mw%%‘}ﬁm_)_
=960 p5t
(ORISR | Bt 40 )
<1+ L% ( 3% .0

S, = 2.47l911.70)
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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.

DRILLRIG: CME-75 TEST HOLE DIAMETER (in) 8 GRCUNDIWAIER gﬁ‘éR
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH {ft): 20 DATE TIME DEPTH (fy | REMARKS
TYPE! CASING| SPLIT SPOON | SHELBY TUBE| TCP GRAB ROCK CORE 6/4/2019 4:30:00 PM 175
SYMBOL| s ulll TM [6iY g 1]
FIELD RESULTSF MBORATORY§ESULTS
SPT, w
E1 | #otet SPT | @ 3 .
i = ™ |3 DESCRIPTION E;— | g8 | 3
E ;lj . i T ;?.E D§E§ 8""_’-55 gm
5 2 I 3 THEREE gfg 2% 5B
o 1z | & £3|95|125|7=|28|
13} 1 ] 4 [v 4 Vs - /5] 82 | 25 | 57 [973
l : 2 |
T 1 4 7 1 | 'l/ é Fat clay iCH}, very dark gray 724 |
4 r *
L % R
5 '\_ 1|8 6] ju/ % _________________________ 19.0 | r
__l % (CH1, Light brovm [
- Ve 7 s i [ |
4181009 V%/ 1751 42 | 15 | I7 {924
i / ér ‘
10 4: N ERERI” ? 1199
/// :
| |
///I' Lean clay (CL)  light Lrown ! :
%4 ‘ 5
15 5 | w112 /?“ 1198 r
A _ |
m % ||
\: 8 | 12|19 |3 /é 198 |
L.I.... J % s -
0] | Bottom of Borehote at 20 feel




AVERAGE

Page ES5




CVEG 4100 — Geotechnical Engineering Design A

Mid Term Exam, Fall 2021 ,J =
(Time: 1.50 hours) P s gad i
NAME: T |€X ....... Qrtr L i, > Student ID: ?ZIQEZS'LIE

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 histher
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.orgfexams/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 {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)

Plan view
Column -«
/ ———
— ]

K = —t]
Footing A Footing B
Vertical Load, Q = 500 KN Vertical Load, G = 400 KN
Moment, M = 0 kN-m Moment, M = 180 kN-m

Section:
M

}Jo': 3 m

€, - 0.4

£ - 0. %
€Cs - 134 n=e
¥, = 3o kP

2
AH - He C. | M— Ao - ‘{ E
re. R (51272) )
T(}O-;’iqu / C//,g‘

Q- Soopn  pged—— c SOOF 888 pufet
M= Ok m Brine)" [zt tls)p. y)j‘

AH = g Xo-d IU‘j r;u +356 o. 0l m
VY F3d S

| Foa—/mgA > f‘”‘"mg_s

Toos iy
i om -~ 18% - o Fm | ,49@;
0= qookw F “omder 15 "9 A s
M Bk e s He0 000 = q. o v Ewofm ™ Settle prore
c. =0:3% (3 i) fas) /

A Y- ?XD.’)@ lmp[f%'f‘fldj l 0;1(”‘] . ’

| &[54 150
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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 diame

ter 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 &

=70 kfa

Water Tank

L S ‘4 »
AN e im
W 20 f——Hz-i2m
| el |
| ) Tusnel Centerine ¥
ot 4 ion ik ( Tunnel@ )
i8m
Plan Section

Figure 2

F{l |"|’ ({‘r )'5/7%

\‘?_m

Gy = 10 ""’“{l— 34.06 fra

(1 49/ )”23
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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?

s Note: 1 inch = 2.54 ¢m

FQ @ D - Cumybasfd e [.€n9 {—Wd%{_‘ov\(.

.}.o-#-of ’(ﬂyﬁ Al L—=38cm

L= 17cm

(Pnghn 6r Siocm

o

Dd I.=35cm
33 F 1T +T04 T = |y V no pieces > 10cm
S 0 Cimn Z&C) Con
“0 Cn
KGD;‘ —_— X !(90 L=20cm
7T OO0 tm
J_ TR e
| R(QD - gg% / L=135cm
/ Drilting Break
ROCK @um’fﬂ\/ C : @
' - Fa' r L=55cm
p—— T = no FeCovery

g

Figure 3
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Problem 4 (20 pts)

A square footing in Figure 4 of size 6 m x 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 solil.
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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. x 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, g¢ = 1368.6 psf

Compression Index, Cc = 0.396

Swelling Index, Cs =0.04

Initial Void Ratio, e = 0.8

Calculate the primary consolidation settlement of the square footing (@center) due to the given loading condition of
the 5 ft. x 5 ft. square footing. Determine stress increase using mé&n method (Boussinesq Case)
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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.

DRILLRIG: CME.TS TEST HOLE DIAMETER (in}: 8 R AT
DRILLING METHOD: Hollow Stem Auger TOTAL DEPTH (ft): 20 DATE TIME DEPTH (1) | REMARKS
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SYMBOL| Na sN | vl ThA [6ld cll
FIELD RESULT.‘:‘[, LABORATORY!‘I;-'\‘ESULTS
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HEIMHEIM % g8|2z|33/35(4s 8B
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(Time: 1.50 hours)

NAMEZ I O o StudentD: A ) N

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 probiem, 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:/incees.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 fronl of the classroom and away from students. Students without a book bag must place
celiphone/smartwatch (turned off) on Instructor's desk - no exceptions

2) Any student possessing a celiphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. This is cheating.

3) Caiculator 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 (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)
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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
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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?
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Problem 4 {20 pts)

A square footing in Figure 4 of size 6 m x 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.
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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. x 5 ft. The soil profile
is also shown in the figure. The water table is at the base of the foundation. Consolidation test resuits of the soil from
the clay layer are given below.

Preconsolidation Pressure, . = 1368.6 psf

Compression Index, Cc = 0,396

Swelling Index, Cs = 0.04

Initial Void Ratio, e, = 0.8

Calculate the primary consalidation settlement of the square footing {@center) due to the given loading condition of
the 5 ft. x 5 ft. square footing. Determine stress increase using m&n method (Boussinesgq Case
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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.
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1. Deep Foundation System
2. Lateral Earth Pressure
3. Slope Stability Analysis
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CVEG 4100 — Geotechnical Engineering Design
Final Exam, Fall 2021
(December 08, 2021 9.30 am — 11.30 am)

Y Student ID: ......cceciii i

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 a Method

———Qu = 6 kKSf——m=

Figure 1
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(December 08, 2021 9.30 am — 11.30 am)

(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 ¢ = 85.6 psfand ¢ =

17°. 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.
%,,T,%Q,,T”M

Figure 2
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Table 1: Design Table

Slice Number W (Ib) a Wsina (Ib) Wecosa (Ib) 1 (ft)
1 -18 1
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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(December 08, 2021 9.30 am — 11.30 am)

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.

Ground Surface

® =35

Specific gravity = 2.7

Void ratio = 0.9

Degree of saturation = 65.839%
v

¢ =38
25m Specific gravity = 2.68
Porosity = 0.503

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 30c. 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)

Y
* —
10m
A
20 m
/ =
/ "
/ |
i
1 1 1
T 7 7 7 7 7 7 7 7 7 7 7 7 7

Impermeable layer

Figure 4
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Final Exam, Fall 2021 6 -
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name: PRI 2oy Y S Studentin; Z2IT LU MUS

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 histher
leadership position in any of the department’s professionai 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 tatest FE-approved calculators. For the latest

NCEES FE approved calculators visit ncees.org or htips:/incees.orglexams/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
ceilphone/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 fests 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 a Method

~u qu = 6 ksf -—
Figure 1
e H 9
f
E,
-
P
i
ri
S’
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(b) If the maximum length of the pile is aliowed to be 100 ft, what would be the required diameter of the pile to carry
200 kips load (10 pts).

200k (200,60010)  £S=2.5

[d
JL g qu = 6 ksf -—

Gy = Qp + Qs
Q= Acm Ap
Qp= Q(2000¢st)("fu)d?
Dp= 21205,75 ¢ 2

Qs = fpalL
)

[= &Cu  Table (2.4
‘F: 0-36](3000) _%%: 1.5 X=0.39
f= Wopst

P=Td SOlyev
Qs = {70 (n)(d )00 1) | d=1.21 Hj/
Qs = 201500.3Y4
Qu= 71205.154> + aumtp,aua\/

Qall = Qu
rs

*

200,000 = 21205.754%2+ 34754 k.24d
2.5
500,000 = 212057542 + 36 T1500. 344

0= 21205.75d% + 30750k, 244 fsoo;oy/
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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 ¢ = 85.6 psfand ¢ =
170. 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

1
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Table 1: Design Table
Slice Number W (Ib) o Wsina (Ib) Wceosa (Ib) 1{ft)
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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.
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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 30°. 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)
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NAME: AlﬂXMﬂH'”{?% ..................................... /H ................... Student ID: P 2/e 37543

CVEG 4100 — Geotechnical Engineering Design ﬁ =

POLICY TO ERADICATE CHEATING (PROTECT iINTEGRITY 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 histher
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:/incees orglexams/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 feave 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 a Method
. . A 5 _ ) - le F 'f’
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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 ¢ = 85.6 psfand ¢ =
17¢. 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.

6,\4,4 L= 85 b Figure 2
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Table 1: Design Table
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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.
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Problem 4 {10 pts)

A 6 m high retaining wall is to support a purely cohesive scil with unit weight 18 kN/m3, soil cohesion is 15 kN/mz.
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/m? and friction angle 30°. 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 (hy) at point A (12 pts)
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NAME: p(\ofawAij%Lk Student ID: Pzwz%ozc\

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 hitps://incees.org/lexams/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 Iength of the pile required to carry the working load of 200 kips (10 pts). Use a Method
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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 ¢ = 85.6 psfand @ =
170. 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 calcutation in finding W.
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pe 1

Table 1: Design Table
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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.
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Problem 4 (10 pts} ,
CIP -0

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 30¢. 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 (2pts) < Flow | )(
(b) total number of equipotential lines (2pts) |~ \ ... -

(c) number of flow channels 2 pts) 5 (.. V/ L/
(d) total number of equipotential drop (2 pts) 11 alf»‘n L.-f"’

(e) pressure head (h) at point A (12 pts) @"; *\<’
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