FOUNDATION ENGINEERING
ENCE 4340 AND 4340G
FALL 2010

PREREQUISITE:
ENCE 3340 or consent of department.

CATALOG DATA:
Application of soil mechanics principles to the design of footings, foundations, and
retaining walls. Subsurface investigations, dewatering, deep excavations, piles, caissons,
and cofferdams. Case histories will be cited.

CLASS MEETING:
Wednesday, 6:00pm to 8:45pm - Room 321 Engineering Building

TEXTBOOK:
Principles of Foundation Engineering, B.M. Das, 6™ Edition
INSTRUCTOR:
Chad Held Phone Number: 504-452-1107 Email cheld@eustiseng.com

PREREQUISITES BY TOPIC:

b o e

6.
COURSE TOPIC

1.

2.

3.

10.

Physical and index properties of soils

Soil classification

Flow of water through soils

Stress distribution in soils

Consolidation and settlement of structures

Shear strength of soils

St

Geotechnical properties of soil (self study).

Subsoil exploration.

Shallow foundations: Bearing capacity as per Terzaghi’s theory, the general theory
of bearing capacity (Meyerhof and Vesic), bearing capacity of foundations on slope,
and effect of water table.

Shallow foundations (continued): Elastic and consolidation settlements of
foundations on sand and clays.

Mat foundations: Common types of combined footings, bearing capacity, and
settlement of mat foundations.

Lateral earth pressure or retaining walls: Earth pressure at rest, Rankine and
Coulomb’s theories of earth pressure, and their application to the analysis of
gravity and cantilever retaining walls. Stability of retaining walls.

Flexible earth structures: Basic principles of sheetpile walls, design procedures for
anchored sheetpile walls, and braced excavations.

Deep foundations: Basic principles of computation of static bearing capacity of
piles; importance of pile load tests, pile-group, and their settlement; introduction
to laterally loaded piles; design considerations for drilled shafts.

Ground modification and soil improvement: Overview of deep dynamic
compaction, vibro-flotation, precompression methods; use of geosynthetics in soft
soil.

Foundations on difficult soil: Overview of expansive and collapsible soils and design
considerations for foundations in these types of soil.



READING/LECTURE

PRACTICE PROBLEMS

2.21 - 2.22 (Self Study)

Chapter 1 -

1,5,6,8(A,C,E), 11,12, 17,22, 26
Self Study ( ) i
Chapter 2 -
2.1 - 2.9 (Self Study) 2,3,6,11, 12, 15, 20
2.10-2.20 e

Chapter 3 -
3.1-3.6
3.11-3.12
3.14

1(A,C),3,5,7,10,11, 14

Chapter 4 -
41-43
45-4.6

1,3,4,10,11

Chapter 5 -

5.1 - 5.5 (Self Study)
5.7-5.12

5.15 (Self Study)
5.16 - 5.20

2,3,5-7,10, 13, 14, 18, 19

Chapter 6 -
6.1-6.8

136913

Chapter 7 -
71-76
7.10-7.13

4, 7,10, 15

Chapter 8 -
8.1 - 8.2 (Self Study)
8.3-89

2,6,7,10,12

Chapter 9 -
9.1 -9.7 (Self Study)
9.8 -9.16

12,13, 16

Chapter 10 -
10.1-10.4
10.5-10.6

1,2,6-8,10

Chapter 11 -

11.1 - 11.4 (Self Study)
11.5-11.8
11.11-11.15
11.17-11.19
11.22-11.26

1(A,B), 7, 8, 10, 22(A), 26, 27

Chapter 12 -
12.1 - 12.4 (Self Study)
125-12.8

To be assigned

Chapters 13 and 14 -
Selected articles to be assigned

To be assigned

Some of the practice problems and/or other problem sheets will be assigned as homework problems after the
completion of the teaching unit. It is your responsibility to diligently solve the practice problems as the class
progresses and understand the concepts and the computational procedures involved. You can discuss homework
assignments with other students {(unless otherwise stipulated by the instructor), but copying is prohibited and will

seriously affect your grade.




GENERAL COURSE POLICIES

ATTENDANCE:

Class attendance is in accordance with the published university policy. You must sign in on a sign-in sheet passed
around during class. You are responsible for material identified in the Reading/Lecture schedule listed earlier
and covered in class, even if absent from the class for authorized activities. Any absence should be coordinated
with the instructor before the absence. Assignments or project work will not be accepted as late due to absence,
unless that absence is coordinated with the instructor well in advance.

CLASSROOM PROCEDURE:

Come to class on time. The assigned homework will be due at the beginning of the class on the due date. If
you are late, you stand the chance of missing a quiz and you will not be allowed to turn in the homework. Bring
the course text, calculator, ruler, and other stationery material to each class period. CELL PHONES SHOULD BE
TURNED OFF BEFORE CLASS BEGINS. Feel free to ask questions of the instructor during class, but please do not
ask other students, as talking disturbs my concentration and of other class members. If you have difficulty
understanding the material, make an appointment with me and | will help you to the best of my ability.

STUDY ASSIGNMENTS:

Study assignments for each class are listed in the Reading/Lecture schedule. Additionally, you will be informed
about them at the end of the class period. You should study these articles at home and come to class with a
general understanding of the concepts. This will make the classroom lecture more understandable.

ORGANIZATION OF SUBMISSIONS:
A significant part of engineering is written communication. Hence, it is important you turn in your written work
neat and organized.

ACADEMIC INTEGRITY:

Academic integrity is fundamental to the process of learning and evaluating academic performance. As
engineers, you will be responsible for upholding the canons of ethics of the profession. Academic dishonesty
will not be tolerated and may lead to an F for that assignment/exam/project or for the whole course. Academic
dishonesty includes, but is not limited to, the following: cheating, plagiarism, and being an accessory to acts
of academic dishonesty. Refer to UNO Judicial Code for further information.

GRADING SYSTEM:

Class Exams (Two at 20%) 40%
Homework/Quizzes 20%
Homework Participation 5%

Project/Presentation 10%
Final Exam 25%

A =90 and Above

B=80and< 90

C=70and < 80

D=60and <70

GRADUATE STUDENTSNEED TODO APROJECT IN ADDITION TO THE REGULAR ASSIGNED PROJECT. THESE MUST
BE DISCUSSED WITH THE INSTRUCTOR. IMPORTANT NOTE: NO MAKEUP EXAMINATIONS WILL BE GIVEN
EXCEPT FOR MEDICAL REASONS WITH SUBSTANTIAL PROOF. NO LATE HOMEWORK WILL BE ACCEPTED. THE
HOMEWORK ASSIGNMENT MUST BE TURNED IN BEFORE CLASS BEGINS. ASSIGNMENTS TURNED IN ATTHE END
OF CLASS WILL NOT BE ACCEPTED.
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Chad Held XA L
From: Donald Jerolleman [asce504@gmail.com] ’2\ (
Sent: Saturday, September 18, 2010 8:49 PM ) /
To: Chad Held
Subject: Homework #3
Attachments: Foundations HW3 p001.jpg; Foundations HW3 p002.jpg; Foundations HW3 p003.jpg
Mr. Held

Thank you for allowing me to email this homework. Please let me know if the three attachments do not come
out correctly.

Thank you,
Donald Jerolleman

Donald Jerolleman, Jr., S.M.ASCE, S.M.SAME
(504) 606-5599

ASCE - UNO
American Society of Civil Engineers
Chapter President

SAME - UNO
Society of American Military Engineers
Chapter Secretary

NHMA (www.nhma.info)
Natural Hazards Mitigation Association
Founding Member
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2.2 A soil profile is shown in Figure P2.2 along with the standard penetration
numbers in the clay faver. Use Eqs. (2.11) and {2.12) to determine and plot the

variation of ¢, and OCR with depth.

f' « . Dry sand

ccZdml. s . Groaundwater - y= 17 KN
| y _table
___f.m . B st
Sund

2
o You = 19 kN/m’

— N — — — _*_ . 9 "t — i -
Clay
-l st = 17 KN/

T —— t JE o“j . ”
T e R Rt B S e -

Figure P2.2



2.3  Following is the variation of the field standard penctration number (Ng) in a
sand deposit:

Dapth im} P,
3 7
4.5 G
6 8
7.9 L3

12

2]

The groundwater table is located at a depth of 5.5 m. Given: the dry unit weight
of sand from () to a depth of 5.5 m is 18.08 kN/m?, and the saturated unit weigh:
of sand for depth 5.5 to 10.5 m is 19.34 kN/m?. Use the relationship of Liao and
Whitman given in Eq. (2.14) to calculate the corrected penetration numbers.



2.6 TFollowing are the standzrd penetration numbers detzrmined from a sandy
soil in the field:

Depth (ft)  Unit weight of soil lb/it®) Ny

iK1 15 7
15 104 9
20 106 13
25 113 16
30 8 18
35 1i8 20
) 118 22

Using Eq. (2.25). determine the variation of the peak scil {riction angle. ¢’
Estimate an average value of & for lae design of a shailow foundatior.
{ Note: For depth greatar than 20 ft, the unit weight of seil is L18 Ib/ft', Uss
p, — 14.7 Ib/in’.



2.11 In a deposit of normally consolidated dry sand, a cone penetration iest was
conducted. Following are the results:

Dapth Point rasistance of
{mi) cane, g, (MN/m?)
1.5 PAL ]
20 4.23
43 6.01
60 8.18
T5 9.97

90 1242

Assuming the dry unit weight of sand to be 15.5 kN/m’, estimate the average
peak friction angle, ¢, of the sand. Use Eq. (2.47).



215 A dilatometer test was conducted in a ciay ceposit. The groundwaier table was
located at a depth of 3 m below the surface. At a depth of 8 m below the sneface,
the contact pressure {p,) was 280 kN/mr" and the expaznsion stress {p.) was
350 kN/m”. Determine the following;

y= 11810

vy Waer tablke

y -t R
lay
¥ = 124 b2
12t
X _aA

Figure P2.13

a. Ceefficient of at-rest carth pressure, X,

b, Overcousolidation ratio, OCR

. Modihss of elasticity, £,

Assume o at a depth of 8 m 1o be 95 kN/m’ and 1, = 0.35.



2.20 Repeat Problem 2.19 for the following data.

Distancs from the source Time of first arrival of

of disturbance {ft) P-waves (sac x 10%

25 49006
S0 E1.96
75 1228

106G 148.2

150 174.2

200 2028

Z50 22845

300 256.7




1.21

1.22

1.23

124

G,
Eq. (166): T.=—%

x 24 % 60 % 60 s; H= % m= 1000 mm ¢

(8 x 107)(60 x 24 x 60 x 60)
(1000)

I = =0.0415

_(8x 10‘3)(30 x 24 x 60 x 60)

= 0.0207
H’ (1000)*

After 30 days T, =

From Figure 1.28, for 7, = 0.0207 and T, = 0.0415, U= 5%. So
S, =(0.05)}(150) = 7.5 mm

(8x107°)120x 24 x 60 x 60) -

After 120 s i
el (1000)?

= 0083

From Figure 1.28, for 7, = 0.083 and T, = 0.0415, U=27%.So -

= (0.27)(150) = 40.5 mm

Normal Shear
Area | force, N | o'=N/A | force,S | =84 | #=tanl(do)
(in.”) (Ib) (b/in?) (Ib) (b/in?)
4 50 125 43.5 10.88 41.06
e 110 27.5 95.5 23.88 40.97
4 150 37.5 132 33 41.35
When plotted, ¢'~ 41°
¢’=0. Eq.(1.69):

o =oy(45+ 2]

30 + 96 = 30tan’ (45-?-%]; ¢'=2|:tan'*(-1%§) —45]%.38"

o} —~a,tan2(45+¢)

20440 = 20m’[45+——} # = 38°

-8-




1.25

1.26

<127

128

129

¢’=0. Eq.(1.69): o =aitan2(45+%)=]40tan’(45+-2—]=387.8 kN /m?*

Eq. (1.69): o} =o}tain’ (45 + -32-'-]+ 2¢' tan’ (45 + %'-]
368 = 140tan? (45 + ¢'/2) + 2¢ tan(45 + ¢°/2)
701 = 280tan? (45 + ¢’/2) + 2¢ tan(45 + ¢'/2)

Solving Eqs. (a) and (b), ¢"=24° and ¢’= 12 kN/m*

TS | cl_da e | 32"13)
= = sin =25°
g [O']é-tfg) ® (32+13
¢ =sin"'(—0; —o‘;]
o*}+q_;,
07=32-55=265b/ in% o3;=13—-55=75Mb/in?

265-175
‘= gint] 22710 1 3ge
=i [26.5+-7.5)

Notmally consolidated clay; ¢, = 0; ¢ =0

¢ 20

28

o,=0, tanz(45 +5). o, =150tan’ (45+-2—} = 3059 kN / m*

9'7‘ = tan? (45 +—¢-}-—);

3059 -u z( 28
—— = AN
e 2

150-u

C, [
= 011+00037P]; ——2—r
o " (8)(196-931)

45+-2—-); u=61.9kN/m?

=011+ (00037)21) = 14.7kN/m’

@
(b)




2.1

2.2

23

" CHAPTER 2

1 _n 2 _ 2
D. =D 100= [w](lom =13.78%

" A
a Ba 5y 400 =1 =
10 @~D] i
b A= 00 o L = 1.967 ia.
Depth
from
ground ,
surface | Ny ¢’ o OCR®
(m) (kN / m) (MN / o) .
40 | 6| 1054 ﬁ [2(17) +2(19 - 9.81)] =0.0524 | 5.06
s5 | o] 1411 |o00524+ ﬁ(u - 9.81)(1.5)=0.0632 | 538
70 | 8| 1206 | 00632+ ﬁ(ﬁ - 9.81)(1.5)=0074 | 4.36.
85 |10 122 | o074+ %’oﬁ(” - 9.81)(1.5)=00848 | 5.16
100 |11 | 1630 |o0.0848+ ﬁ(l? — 9.81X1.5)=0.0956 | 5.08

2 (KN / m?) = 20N, POCR = 0.193(N,/o/)*®

Depth(m) . o (N/o?)

15 . 18.08x1.5=27.12

3 18.08 x 3.0 = 54.24

45 18.08 x 4.5 = 81.36 - -
6 18.08 x 5.5+ (19.34 - 9.81)(0.5) = 1042
75 18.08 x 5.5 + (1934 - 9.81)(2) = 118.5

9 18.08 % 5.5+ (19.34 - 9.81)}(3.5) = 132.8

-11-




2.4

2:3

05
Eq.(2.14): ¢, = [ i ] . Now the following table can be prepared.

{os/p.)
Depth | Ng o, Cy | (NMe®
(m) (KN/m?)
1.5 5 27.12 1.92 10
3 7 54.24 1.36 j11]
4.5 ] 81.36 1.11 10
6 B 104.2 0.98 8
75 12 1185 0.92 1i
9 11 132.8?_ ) 9“87 e 10
* rounded to nearest whole number
Depth | N, o, @’ (deg) P (deg)
(m) . (kN /n?} | [Eq. (2.24) | [Eq. (2.25)]
o 571 2712 28.59 - 33.04
1. 3.0 7 i 5424 29.17 " "33.63
45 |. b 8136 29,76 33.58
6.0 "8 104.2 29.47 31.61
1.5 iz 118.5 30.62 34.48
9.0 11 132.8 36.33 33.0
Av. 29.66° . Av. 33.29°
= 3{° = 33°
‘| Depth o, ' Ne'| By - Da DR (%)
(m) (kN / m®) (mm) | (kN /) | [Eq. (2.19)]
1.5 1.5x18=27 6 0.6 100 61.2
3.0 Ixi8=54 8 0.6 100 50
45 45x18=81 | 9 | o6 | 100 | 433
6.0 6x18=108 8 0.6 100 354
7.5 108 + 1.5(20.2 - 9.81) = 123.6 13 0.6 100 42.1
9.0 |123.6+1.5(20.2-95.81})=139.2| 14 | 0.6 100 41.2

-12-




Depth ‘4 o, Pa Nyo | ¢ (deg)®
@ |@®/)| B/n? | @b/n?) [Eq. (2.25)]
10 106 7.36 14.7 7 34
15 106 11.04 14.7 9 34
20 106 14.72 - 14.7 i1 35
25 118 18.82 14.7 16 37
30 118 2292 14.7 . |. 18 36
35 118 27.02 14.7 20 36
40 118 31.12 14.7 22 36
2rounded to nearest whole number

Average ¢ = % (34 + 34 + 35 + 37 + 36 + 36 + 36) = 35.4%% 35°

Pa

Eq. (2.18b): D, (%) = 122+ 0.75 [2221% +2311-7710CR - 779{‘“ J- 5003]

(222)9) +2311-711(30) 17
At10ft: D, =122+075 _ 779(:12(1}{5)2)_ c0c27? | = 3835%

(222)(11) +2311-711(30) ]
AtISR: D, =1224074 _ o 1725) (o ona| =406%

2000

©

[(222)(12) + 2311-71133.0) T°
At20ft: D, =122+ o.,7§ _ 779[203_0]_ (50)32)2 | =4163%

—iee

2000

Average D, = (%4)(38.35 + 40.6 + 41.63) = 40%

Eq. (229): ¢, = %

Eq. (2.31): K =366 X 103 D° = 366 x 16%(6.35)" = 93.7 x 10°

06.072

— £ 2
cn(VS‘l) = m =7684kN/m




= [1.7 - 0.54log(51 — 18))(76.84) = 67.62 kN / m*

29 a FromEq. (233), K=0.00210° = 0.0021(2)’ = 0.0168

T 124

Cuvsn T T 00168

= 738.1 Ib / £t

B Cucomumany = [1.7— 0.54log(PD)]J(738.1)

=[1.7~ 0.5410g(64 — 20)}(738.1) = 6393 I / >

210 OCR= ﬂc":f“’; B =22(PI)°* =22(51 — 18) % = 4.11

.= (2X17) + (2X19-9.81) + (3)(17 - 9.81) = 73.95 KN/ m?
Corvsny = 76.84 KN/

~ 7634 _
OCR = (4..11)(? - 95) 427

2.11 y=155WN/w’; o =[ 4 xdﬂPﬂiJ :

(wh'.‘tw’) @) - m 1000 ;
Depth o, Ge R
(MN/n?) | (MN/md) (deg)
.5 0.0233 2.06 49
3.0 0.0465 4.23 40.2
45 0.0658 6.01 39.9
6.0 0.093 8.18 40
75 0.1163 9.97 39.9
9.0 0.1395 12.42 40.1
*Eq. (2.47) AV @'= 40°

s




e

2.12

Depth| o) 7. 3. D, (%)
m | 6N/ | GN/m) | (N7 o?) | [Bg. 245))
1.5 23.3 100 - 2060 42.9
3.0 46.5 100 - 4230 53.9
4.5 69.8 100 6010 58.3
6.0 23 100 8180 63.1
7.5 116.3 100 9970 65.7
9.0 139.5 - 100 12420 69.5

213 a o, =(5)116) +(124)(12) = 2068 Ib/ f%. Eq. (2.51):

g.— o, _(90x144) 2068
N, 15

~ 726 1b / ft*

c, =

b o, = (5X116) + (124 - 62.4)(12) = 13192 Ib/ A%, Eq. (2.55)%

101
OCR = 0"37{——-—-—‘7* L ) - (0‘37)[ o] uad 2068]!:“ =312
s, 13192

214 Eq.(2.56):

E, =201+ p)0, + )( ) (2)(1 +05)(535 45+1801326.5-.42.4)

2 180-46
= 4121.6 kN/m*

215 " K _P. Y% 280*(9.81)(8—.3)
o’ 95

a-

=243, Eq. 2.63):

K, = (/150" 0.6 = (243/1.5% — 0.6 = 0.68
b. Eq. (264): OCR = (0.5K,)'% = (0.5 x 2.43)!% =136

c. E=(1 - pDE,=(1~035)(34.7)(350 - 280) = 2131 kN/m*

-15-




2.20

Eq.(274): Z, = %[T,, -

(v )(v)

7ot
Ez_'..ﬁ:_v_'.][__ﬁv_l._} T, =~ 20% 107 sec

2 2
Jv, -v;

2Z, Vi =V _ (2X26}(3390)’ ~(492)" _ o o

(o))  (3390)(492)
) __ (3390X1390)  _ so4

ey

Ji-v (3390) - (1390)}

So, Z, = (%)(0.02 - 0.0105)(1524) = 7.24 m

A time-distance plot is shown.

7. =
Slope of Oa = e 22118
v 5
v, =678.4 ft / sec
o
Siops ofialyes Lo 2000
vy S

v, = 1748.25 ft / sec

1 (v, —V
Z, == J2—"=
2¥v, +v,

_ 1 [174835-6784
~ 2Y174825+ 6784

X

300

250

g

150

t (milliseconds)

8

Lh
(=

0 :
0 50 100 150 200 250 300

98=32871t

I

x (iY)




CHAPTER 1

_ B75H08D _ 1517 kN/m?

A ~ (1000)(0.05)
¢ p=L—="7 1493 kN/m?
T+w 14015 .
G
q. (1.12): 7, =S
a. Eq. (1.12): », oo
a3 CEBOBD oo
' l+e
| 076
1L6): m=—tm i w043
b Eq(l6): n=T=17076

e. FromFigure 13b: §=Y2 2% _ [(0‘15)(2'63} ](100}: 53%
v, e 0.76

1.2 a. FromEqgs. (1.11) and (1.12) it can be seen that

s 201
Ya=Tiw 14022

= 16.48 kN/m’ _

Gy, G.(931)
. Yy=1648kN/m*= —+==—=
b % l+e l+e.

Eq. (1.14): e = wG, = (0.22)G)). So

981G,
1+022

1648 = ; G, =267

e 081"
13 a Bq(lL6): a=q =1 0z

(021)(268)
081

b. Egs (1.7)and (1.14): §= “’f’ =[ ](100) =69.5%

v,




1.4

1.5

1.6

Gr.(1+w) _ (268)981)(1+021)
Tre 14081

¢. Eq.(1.11): y= =1758 kN/m’

G,ry,. _ (2.68)(981)
I+e 1+081

d. Eq (1.12): y= =14.53 kN / m*

Gy, (1+w)
l+e

a Eq(.11): y=

22 = (2.68)(624)(1+0.1 47)

e=0.57
l+e

o
(7]

_¥G, _ [(0.147)(2.68)

= .n
: o ](100) 69.1%

=106.41b/ft°

122
d. FromEgs. (1.1 and (1.12); y, =2 =
B L G T T

B (L15): 7o = Glx*ere _ (624)268+057)

=1292 /&’
1+e 1+057

2

b. Watertobeadded= ¥, - ¥y=129.2 - }2?,=7.2 b/

wG, Se (08)057)

T T P ). Y
A T a

Gy, (1+w) (2.68)(62.4)(1-+ 017) _ 3

=T ve 1+ 057 SESEERIES
116.64

From Egs. (1.11) and (1.12): 7, = 08:1081b!ﬂ’

g = (265X624)

G.7w
Eq. (1.12): ""=T:_e; 10 L €=05

| - ~053
Eq. (1.19): D,=0.82= —Smx € _ Cum : =0.94
% e Cone —uin € 04" T




1.7

1.8

Gy, (2.65)(62.4)
Y dtmin) = =

=852 b/ ft?

l+e,  1+094

Refer to Table 1.5 for classification.

SOIL A:

SOIL B:

SOIL C:

SCIL D:

SOIL E:

SOIL F:

SOIL A4:

SOIL B:

SOIL C:

SOIL D:

A-7-6(9) (Note: Plis greater than LL —30.)
GI = (Fypo — 35)[0.2 + 0.005(LL — 40)] + 0.01(Fy, ~ 15XP1 - 10)
= (65 — 35)[0.2 + 0.005(42 — 40)] + 0.01(65 - 1516 -10)=9.3=9

A-6(5) | -
GI = (55 — 35)[0.2 + 0.005(38 — 40)] + 0.01(55 — 15)(13 - 10)=5.4 = §

A-3(0)

A-4(5) | ,
GI = (64— 35)[0.2 + 0.005(35 — 40)] + 0.01(64 ~ 15)(9 — 10) = 4.585 = §

A-2-6(1) | ‘
GI = (Fyp— 15)(P1 - 10) =0.01(33 - 15)(13 - 10)= 054 = 1

A-7-6(19) (Pl is greater that LL — 30.)
GI = (76 — 35)[0.2 + 0.005(52 — 40)] + 0.01(76 — 15)24 - 10)=19.2 = 19

Table 1.6: 65% passing No. 200 sieve. FmegtamedmL LL= 42 PI=16
Figure 1.5: ML -

Figure 1.7: Plus No. 200 > 30%; Plus No. 4 =0

% sand > % gravel — sandy siit

Table 1.6: 55% passing No. 200 sieve. Fine grained soil. LL =38, PI =13
Figure 1.5: Plots below A-line — ML

Figure 1.7: Plus No. 200 > 30%

% sand > % gravel — sandy sil¢

Table 1.6: 8% passing No. 200sieve
% sand > % gravel — sandy soil - SP
Figure 1.6: % gravel = 100 —-95 = 5%<15%—-poorlygradedsand

Table 1.6: 65% passing No. 200 sieve. Fine grained soil. LL = 35, P[ =9
Figure 1.5~ ML

Plus No. 200 = 36% > 30%

% sand (31%) > % gravel (5%) — sandy silt

3




1.9

1.10

111

SOIL E: Table 1.6: 33% passing No. 200 sieve. 100% passing No. 4 sieve. Sandy soil.

=138, PI=13
Flgme 1.5: Plots below A-line — SM
Figure 1.6: % gravel (0%) < 15% — silty sand

SOIL F- Table 1.6: 76% passing No. 200 sieve. LL =52, P1=24
Figure 1.5: CH
Figure 1.7: Plus No. 200 is 100 — 76 = 24%
% sand > % gravel — fat clay with sand

T ive © Ya I 17
Eq. (1.26):
e 063°

b 1te 02 141063

t, e @k 04F
l+e, 1+043

&, = 0.08 cm/sec

From Eq. (1.26)
;2 3 e .
e, l1+e
- P
& [1+e2]( P } Y.
0115 =[ -2 (ﬂ)(ozsj—mg g
ST \l+g, A 07 ) T 14e

By trial and error, e, = 0.52

o 092"

k, l+e  54x10° 1+092
Sl s £ =3126

: 1+cﬁ:2 ; 1+0.72

k=173 x 10 cm / sec

—

SN,




G,y. _ (266X624) . . 3
: = - =107; ,
L12) Yy = o= = 10709 1b/ £

_ Gy, tey, _(624)266+048

=3 s =132, 3
Y satfsand) Y 17048 1323916/ 1t
Gyr.(1+ w) (2.74)(624)(1+0.3478) 3
Y anerap = ) 1+ (03478)(2.74) =117991b/ft

AtA: o=0,u=0;0=0
At B: o= (107.09X8)=856.721b / ft,u=0,0"=856.721b/ i

At C: o= 05+ (132.39)(4) = 856.72 + 529. 56—!3862811)!&’

u = (62.4)(4) =249.6 Ib / ft*
o'=1386.28 - 249.6 = 1136.68 Ib / f*

AtD: o = o+ (117.99)(15) = 1386.28 + 1769.85 = 3156.13 Ib / ft*
u=(624)(19)=1185.6 b/ ft* '
o’ =1970.53 b /i '

¥ (G, +e) (62 4)(2 66+0.55)
l+e L4+0.55

1.13  Inthetop sand layer: y, g = =1292 lb/ ft?

When the ground water table is 4 ft below the ground sutface,

(1 07.09)(4) +{129.2X4) + (132.39X4) + (z 17. 99)(15) 924457 b / £2
u=(62.4)23)= 14352 Ib/ fi* - oy
o’ =3244.57 - 1435.2=1809.37 b/ &*

Change in effective stress = 1809.37 - 1970.53 = ~161.21b / f*

{14 Pouaton(l37); I =22t
_ 1+2




115 Eq.(147): §, = f+H og Zet A0

o,

(3

[O 009(42 - 10)](3. 7) 155
14082 110

) =0087 m=8§7 mm

H, D. p.+Aap
. = 1
1.16 Eq.(1.51): § Tre, [C‘ og(paJ+C log[ P H
C,=0.009(42 - 10) = 0.288; C,='C,/5=0.0576

i [ 057610 g(l 3) +02881 gﬁ;:)]=q.ossm=ssmﬁ

« = 1+082 110

117 & Bq.(138): ¢ =578 09072 _,,9,

' 42
BB
o 2] ol

C.H o+ Ao’

F {1.47). = =
romEq(i 47?’.;" l+e, tog= o
o v .
UMMP:UHM:]H _a-,;) .
24 Je 0 - 05 Q/S '

o = (8)(107 09) +(4X(132.39 - 62.4) + (15/2)(117.99~ 62.4) = 1553.6 Ib / £

e, = wG, = (0.3478)(2.74) = 0.953

5 = 0392)(15x12) | 15536+ 100_0) .
1+0953 - 15536

b. Eq.(1.55): T a‘ . For U=50%, T, =0.197 (Figure 1.21)

145 % 107%¢
0197 = —————; t=4402 x 10* sec = 509.5 da
(5x12)? il

e,—e,  082-064

1.18 a Eq.(138):C, = i -A;g{fiﬁ{)) =0377
logf — logi —
o, 120
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Figure 5.23

Step 1.

Step 2.

510 Settlement of Sandy Soil: Use of Strain influence Factor 237

]

Depth, z !
(a) Depth, 2

(b}

Procedure for caleulation of S, using the strain influence factor

Plot the foundation and the variation of I, with depth to scale (Figure

5.23a).

Using the correlation from standard penetration resistance (Ngp)
or cone penefration resistance (g.), plot the actual variation of E;
with depth (Figure 5.23b). Schmerimann et al. (1978) suggested E, =
3.5q..

Approximate the actual variation of E, into a number of layers of soil
having a constant E_ such as Eqy, Eoy -« - E.... Eqn (Figure 5.23b).
Divide the soil layer from z = 010 z = Z; into a number of layers by
drawing horizontal lines. The number of layers will depend on the
break in continuity in-the I, and E, diagrams.

Prepare a table (such as Table 5.6) to obtain Ei Az

E
Calculate C, and C,.
Calculate S, from Eq. (5.42).
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Figure 5.32 Counsolidation settlement calculation

So,
Sup = 1C:—H§a i o} —;;.;lo';v S:;s r;ormaﬂy consolidated [Eq. (L47)]
3 S = ICfI; fop o, :,- ::Ar.réw E:qot; ?;foﬁijiat:;g clays (Eq. (149)]
EEEZ : - : .-'-Sc(p} = igi%—o log -g% ¥ _IC:_H;G log o) +ofna';., S;c:; Zer:czx:}jc;ﬁ:ztid :ljis; (Eq. (151)

where

¢! = average effective pressure on the clay layer before the construction of the
foundation

Ag’, = average increase in effective pressure on the clay layer caused by the con-
struction of the foundation

= preconsolidation pressure

initial void ratio of the clay layer

compression index

swelling index

thickness of the clay layer

o

EOOe 8
Il



Chapter 5 Shallow Foundstions: Allowable Bearing Capacity and Seitlement

The procedures for determining the compression and swelling indexes were
cussed in Chapter 1. ;

Note that the increase in effective pressure, Ao’, on the clay layer is not
stant with depth: The magnitude of Ao’ will decrease with the increase in d
measured from the bottom of the foundation. However, the average imcreas
pressure may be approximated by

where Ag|, Ao, and Ao}, are, respectively, the effective pressure increases at:
top, middle, and botiom of the clay layer that are caused by the construction of
foundation.

The method of determining the pressure increase caused by various types of fo
dation load is discussed in Sections 3.2 through 5.6. Ao}, can alsc be directly obtain
from the method presented in Section 5.5.

Three-Dimensional Effect on Primary
Consolidation Settlement

The consolidation settiement calculation presented in the preceding section is base
on Egs. (1.47), {1.49), and (1.51). These equations, as shown in Chapter 1, are in turn
based on one-dimensional laboratory consolidation tests. The underlying assumpti
is that the increase in pore water pressure, Au, immediately after application of th
load equals the increase in stress, Ae, at any depth. In this case,

‘ Ae

where

Sciz)-0ea = consolidated settlement calculated by using Egs. (1.47), (1.49), and
(1.51)
Acdyyy = effective vertical stress increase
m, = volume coefficient of compressibility {(see Chapter 1)

In the field, however, when a load is applied over a limited area on the ground
surface, such an assumption will not be correct. Consider the case of a circular foun-
dation on a clay layer, as shown in Figure 5.33. The vertical and the horizontal stress
increases at a point in the layer immediately below the center of the foundation are
Aoy and Ao, respectively. For a saturated clay, the pore water pressure increase
at that depth (see Chapter 1) is

where A = pore water pressure parameter, For this case,

Sz(p} = J?"-!’.AH dz = I(mv) {AJ(S) + AEAUU) = A{T(g}}} dz (5.72)



Chapter 5 Shallow Foundations: Allowable Bearing Capacity and Settlement

Settlement Due to Secondary Consolidation

At the end of primary consolidation (i.e., after the compleie dissipation of excess :
pore water pressure) some settlement is observed that is due to the plastic adjust-
ment of soil fabrics. This stage of consolidation is called secondary consolidation. A
plot of deformation against the logarithm of time during secondary consolidation is
practically linear as shown in Figure 5.36. From the figure, the secondary compres-
sion index can be defined as

where

C, = secondary compression index
Ae = change of void ratio
fl, 12 = fime
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g
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Figure 5.36 Variation of e

with log ¢ under a given load in-

s f crement, and definition of sec-
Time, «(log scale) ondary compression index
The magnitude of the secondary consolidation can be calculated as
(5.78)

where
CL=C,/(1 +¢ep) (5.79)
- e, = void ratio at the end of primary consolidation
H, = thickness of clay layer

Mesri (1973) correlated €7, with the natural moisture content {w) of several
soils, from which it appears that

C: = 0.0001w (5.80)

where w = natural moisture content, in percent. For most overconsolidated soils, C;
varies between 0.0005 to 0.001.

Mesri and Godlewski (1977) compiled the magnitude of C,/C. (C. = compres-
sion index) for a number of soils. Based on their compilation, it can be summarized
that
e For inorganic clays and silts:

C./C. =~ 004 = 0.01
& For organic clays and silts:
C/C. =005 = 001
e For peats:
C,/C. =~ 0.075 = 0.01
Secondary consolidation settlement is more important in the case of all or-

ganic and highly compressible inorganic soils. In overconsolidated inorganic clays,
the secondary compression index is very small and of less practical significance.
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5.19

5.20

Depth Ng
)

5 10

10 12

15 9

20 14

25 16

Average N, =12

From Eq. (5.46b):

Ny (B+1

' 2
Aol - Yo 221 1.

B
B=5f;S,=1in
Fy=1+033(D,/B) = 1+ (0.33)(3/5) = 1.198

2

) | .
o = [5_-51) (1.198)(1) ~ 5.18 kip / ft*

5

Eq. (5.56):

’ 0.75
2 14 B
Bg By

1 075
7' = (1.4)(0.3)(—) =104

03
2
L
12:{_]

Y ¥
Eq 557 Z-=aaa|—27 [_B_J (_‘_1._)

By 025+ 2| \Be) (2.

L B
Normalily consolidated sand:
,=0.14

0 ) S

a; = (Fm)“ = ®"

-50-
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5.19 Following are the results of standard penetration tests in a granular soil de-

posit.
i Depth Standard penetration
(ft) number, Nes
5 10
10 12
i 15 9
20 14
25 16

What will be the net allowable bearing capacity of a foundation planned to be
5 ft X 5 ft? Let Dy = 3 ft and the allowable settlement = 1 in., and use the re-
lationships presented in Section 5.12.

520 A shallow foundation measuring I m X 2 m in plan is to be constructed over
a normally consolidated sand layer. Given: D; = 1 m, Ny increases with depth,

Ny (in-the depth of stress influence) = 8, and g, = 153 kN/m? Estimate the
elastic settlement using Burland and Burbidge's method.

5.21 Following are the average values of cone penetration resistance in a granular
soil deposit:

Cone penetration
Depth resistance, g
{m} (MN/m?}

2.1
4.2
5.2
7.3
8.7
14

TR NN

Assume that y = 16.5 kN/m® and estimate the seismic ultimate bearing ca-
pacity (q.¢) for a continuous foundation with B = 1.5m, D;= 1.0m, k, = 0.2,
and k, = 0. Use Eqs. (2.47), (5.67), and {5.68).

522 Ia problem 5.21, if the design earthquake parameters are V = 0.35 m/sec and
A = (0.3, determine the seismic settlement of the foundation. Assume that
FS = 4 for use in obtaining the static allowable bearing capacity.

5.23 Estimate the consolidation settlement of the clay layer shown in Figure P5.6
using the results of Problem 5:6.

524 Estimate the consolidation settlement of the clay layer shown in Figure P5.6
using the results of Problem 5.7. -
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SHOW ALL COMPUTATIONS. LIST ANY ASSUMPTIONS YOU MAKE. BE NEAT. SOLVE THE
FOLLOWING PROBLEMS BY HAND COMPUTATIONS.

Problem 1: Consider the retaining wall shown. Using Rankine’s Theory, compute the active

earth pressure on the wall and show the magnitude, direction, and location of the force on the
sketch. (15 Points)

i
™

e “5",;‘1 [
, f): lut)

Problem 2: Check the stability of the wall shown. Use Rankine’s Theory. Neglect passive
pressure. The ultimate bearing capacity is known to be 9_ksf for the foundation soil. The
foundation soil has an angle of shearing resistance of ¢ = 25°\V

c=0 ! ho

Y concrete = 150 pcf : \\

Assume & = ¢ for foundation soil :

(15 Points)

o b
i AT\ /1
- |
i AN 25 1856
2o i |
. ‘ {
ff’- !r)alf){{: f(;
£.5 P= 30°
/N 0
3’]} / -~ /
Y 4+ 3 5 |
o
> 4 [ ! RN/
k S
| il



Problem 3: For the retaining wall shown below:
a) Check the factor of safety against overturning
b) Check the factor of safety against sliding
c) If the allowable bearing pressure for foundation soil is 3 ksf, is the wall safe against
failure of the foundation soil?
Use Coulomb’s Theory for computations. Comment on the factor of safety determined.
Neglect passive resistance. (20 Points)

r &;,51
. AN
| {_))c(é' f'f //
|1 ,
P26
G&a o ‘k‘\ 4 .ff'jr-(f'{.‘f/ ® //C),D(» 'f_
A‘Yl ];-, (’}n{"/" 0{/"»/‘:/! Fn"f(‘f’fdrn :4_;}"/0
' 7 ! ! ¢1(0 Vi {}.(', ’/IUAH _’;(; ,‘/ % j(') ¢

Problem 4: Design an anchored bulkhead for the conditions shown by:

a) Free earth support method and

b} CPD method

c) In Part A, select a sheetpile section by applying Rowe’s Moment Reduction Method.
Given:
Y moist =113 pef | ¥4 42 15pet

- 200 psf

=30°; 6 = 20° P 2 0 S P OO
Gai = 25,000 Ibs/in.” T : oA it
Comment on the solution. AI-I boe/

(25 Points) [, -
- |- x> -
‘-'h ¢ c"rm ‘i
IL{! !‘.}'r‘.’\_)'{' - { ’/
W
AT




Problem 5: According to the braced cut shown below, for whichY = 112 Ib/ft*, & = 32° and ¢ =

0. The struts are located at 12-ft centers in the plan.
a) Draw the earth pressure envelope and determine the strut loads at Levels A, B, and C,

b) For the braced cut, assume o, = 25,000 Ibs/in.? and determine the sheetpile section.
(25 Points) = o

/
k 1A =
= : B A 0 ; !
Sl ’CH/{ C , 0/ [ £ S AH
% A ]
q’ |
4 b | &
il |
\ <
\
3 |
i/
an
YOUR SIGNATURE: I PLEDGE ON MY HONOR

THAT | HAVE NOT TAKEN HELP OR GIVEN HELP ON THIS EXAM.
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NAME: o, /A e > 0148

SHOW ALL COMPUTATIONS; LIST ANY ASSUMPTIONS YOU MAKE; BE NEAT.
SOLVE THE FOLLOWING PROBLEMS BY HAND COMPUTATIONS.

1.

A 7-story concrete building will be constructed in new Orleans. The building will
have plan dimensions of 200-ft by 275-ft. a) How many borings are needed? b)
What are the depths of the borlngs’? (os? otfadet L %0 f 127N 10 pomts

/ ;‘/ p f,_ ¢ “— 8T ey

ot F 7ee ale
An electronic Cone Penetrometer Test has a tlp resistance of 15 tsf. This tip
reading is 20-ft below the ground surface. The soil has a moist unit weight of 115
pcf. What is the cohesive strength of the soil at the 20 foot depth? 10 points

A 5-ft square footing is to carry an eccentric load of 100 kips. The depth of the
footing is 4-ft below the ground surface. The eccentricity is 0.6-ft in the x-direction.
The density of the soil is 120 pcf. The cohesion is 2 ksf and the angle of shearing
resistance is 30 degrees. Compute the ultimate bearing capacity using Hansen’s
method. How much is the ultimate column load? How much is the factor of safety

15 points

A square foundation carries 400 kips of load. The SPT results from field are given
below. The footing is to be 4-ft below the ground surface. The angle of shearing
resistance is 30 degrees and density of sand is 110 pcf. a) determine the width of
foundation such that the settlement does not exceed one inch. b) what is the
allowable bearing capacity for this footing as per Terzaghi’s Theory? c) Since you
are an engineer and selected the footing size, state the appropriate method and
verify the settlement is still limited to one inch.

SPT depth (ft) Npew [ [ Y
1 | 9 b
5 10 o
10 15 ﬁ,’x{
15 22 ¥
20 19
25 29
30 33
35 27 15 points

A continuous footing is 6-ft wide and is at a depth of 3-ft below the ground surface.
The moist density of soil is 115 pcf, the saturated density is 125 pcf, the cohesion
is 550 psf, and the angle of shearing resistance is 35 degrees. The water table is
3-ft below the ground surface. Determine the allowable bearing capacity a) by
Terzaghi’s general shear case and b) general bearing capacity theory. Comment
on your results. 15 points

e

=2



6. Given the furnished consolidation curve, use graphical methods to calculate the
Compression Index, preconsolidation pressure, and Recompression Index.
10 points

7’ Consider a 6-ft wide and 8-ft long foundation to support a load of 200 kips. The
depth of the footing is 3-ft below the ground surface. There is dense sand for a
depth of 8-ft below the ground surface, followed by 12-ft of normally consolidated
clay, which rests on an impervious shale. The water table is 5-ft below the ground
surface. The moist unit weight of sand is 100 pcf; the saturated unit weight of sand
is 120 pcf; The properties of clay are: saturated unit weight is 115 pcf; void ratio Is
1.2; compression index = 0.2; coe. of consolidation = 0.2 sq.ft/mo. a) determine the
elastic settlement at the center of the rigid footing, b) determine the consolidation
settlement of the center of the footing using 2:1 method [at top, middle and bottom],
c) repeat part b using Table 3.11 and compare your results, d) how long will it take
for 90% of the settlement to occur? e) Determine the settlement of the corner of the
footing and compute the differential settlement. Comment on your results.

25 points

YOUR SIGNATURE: __— > / | PLEDGE ON MY HONOR
THAT | HAVE NOT TAKEN HELP-OR GIVEN HELP ON THIS EXAM.
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gamma 110 Ib/ft3 Q 40000 Ib/ft3 uses problem #4 v ,,/‘, K
Df 4 ft N60 avg 20.5 [ L uses [5.5 gout
B ‘]‘é;’:t;) alnet) Ib/ft3 q‘"ij‘;::'sa Fd  |(B/B+1)n2 Se Se (a(net2) | * 7 /40( 21)*
4 2500.000 | 2060.000 5.330]  1.3300 4| 1208.876 3.133 o iR T
45 [1975.309 | 1535.309 5.104] 12933 4| 926513 3.080 'f b
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55 | 1322314 882.314 4.772]  1.2400 4| 555.351 3.004
6 1111.111 671.111 4.650]  1.2200 4] 429339 2.975
6.5 946.746 506.746 4.549]  1.2031 4| 328748 2.951
7 816.327 376.327 4.463]  1.1886 4] 247.119 2.930
75 | 711111 271.111 4.389]  1.1760 4] 179.931 2.913
8 625.000 185.000 4.324]  1.1650 4] 123.940 2.897
85 | 553.633 113.633 4.268]  1.1553 4]  76.768 2.883
9 493.827 53.827 4.218] 11467 4] 36.638 2.871
95 | 443.213 3.213 4.174] 11389 4 2.202 2.860
10 400.000 -40.000 4.134] 11320 4]  -27.579 2.850 [}
105 [ 362.812 -77.188 4.098] 11257 4l -53.517 2.842
11 330.579 -109.421 4.066|  1.1200 4  -76.252 2.834
115 | 302.457 -137.543 4.037|  1.1148 4] -96.297 2.826
12 277.778 -162.222 4.010]  1.1100 4] -114.065 2.819
125 | 256.000 -184.000 3.985]  1.1056 4] -129.893 2.813
13 236.686 -203.314 3.963] 1.1015 4]  -144.057 2.808
135 [ 219.479 -220.521 3.942| 1.0978 4]  -156.784 2.802
14 204.082 -235.918 3.922] 1.0943 4|  -168.266 2.797
145 | 190.250 -249.750 3.004] 10910 4|  -178.663 2.793
15 177.778 -262.222 3.887| 1.0880 4| -188.108 2.789
155 | 166.493 -273.507 3.872| 10852 4|  -196.716 2.785
16 156.250 -283.750 3.857 1.0825 4 -204.585 2.781
165 | 146.924 -293.076 3.843]  1.0800 4 -211.799 2.777
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GeotechniCAL Reference http://environment. uwe.ac.uk/geocal/foundations/foundations. him#SET....

[

Typical values of Poisson's ratio

Soil Poisson's ratio (n)

Undrained saturated clays/silts ny=0.5

Stiff sandy or silty clays n"=02-04
Medium to loose sands n=04
Dense sands n =02-045

Young's Modulus for Soil on the Geotechnical Information Website hitp://www _geotechnicalinfo.convyoungs _modulus. html

/ Typical Elastic Moduli of soils based on soil type and consistency/ density, (from USACE, Settlement
J Analysis).
Soil Es (tsf)
very soft clay 5-50
soft clay 50 - 200
medium clay 200 - 500
stiff clay, silty clay 500 - 1000
sandy clay 250 - 2000
clay shale 1000 - 2000
loose sand 100 - 250
dense sand 250 - 1000
dense sand and
gravel 1000 - 2000
silty sand 250 - 2000
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