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INTRODUCTION STATEMENT
i ‘. | . . . , '
{

The text material that foilows {s the resuit Of uork accomplished
by Or. James Thompson under an NSF Grant GY-1 10474 for the development of
a baccalaureate level engineering tethnoiogy program. PR r
" This material\covers in detail iecture t0pics and iaboratory assign-
kments for a Foundations and Soil ﬂéchanics ciass offered to engineering
technolbgy'students specxaiizing in construction. It is designed to fit
" into a ten-week quarter, byt could be expanded for a semester course
In addition to text-material preparation, supplemental iahoratory
equipnnent was specified, ordered, and instailed in the Soil Mechan‘cs lab. <
>~This dual purpose Wb will be used by engineering technoiogy students |
speciaiizing in constructionpas weii as civil engineering students in’
their Sofl Mechgnics’ ciasses. j
The NSF/Engineering Technoiogy Grant was awerded with the under-.
standing that reports deveioped for the Cai Poiy Endineering Techhoiogy
Department will also be available to other educationai instityihons
‘ offering both engineering and engineering technoiogy progrems Consistent

with this objective we.will be happy to. transmit copies of this speciaiized

3
. report to any interested Schooi of Engineering and/or Technology.
. R . ’
-, . »n .
* ]
$ 1 (
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CALIFORNIA SIATE POLYTECHNIC UNIVERSITY Course Ttle: Foundations & Soil Mechanics-
. POMONA . ) : ’ _
* Pomona, California ’ ‘Date of Qulipe Preparation:. December 9,~$973
L Lo Prepared By: _ Jdmes B. Thompson
4l - o . : )
- Lo ‘COURSE OUTL INE -

Eﬁgjneerinngechnology Debartment

1~ Catalog Description - iy | R

ETC 411'Foundgtions and Soil Mechanics (4)

'Select1on and methods of insfallation of ‘foundations and other soil pported
structures. Footings, piles, caissons, retaining structures soil bankments
and fills. -3 lectures 1 three-hour Taboraﬁory <
II. Regquired Background of Exper1ence A B o '

ESC. 321 Recommended
IT. Detailéd Dgggripfion of the Course
A, EgPan&ed bégcriptfon of-fﬁe'Course C < .
. (.‘,omposition of soil N ) ‘, .

1

r~ 2. Soil. classification ,

3. Properties and characteristics/9f§?:il and their determination
. . c e .

a. Specific.gravity

b. Grain size distributiomr: ,

c. Water content . - .-

d. Atterberg 1imits and indices o , N N

e. Permeability . . ST ’ -k
f. Compaction characteristics , . . -
g. Consblidation characteristics

h. Stress- stra1n and strength character1st1cs

a. E gmeered fills .

b. Seepage through-soils ' *
c. Retaining structures °~ -~ - i )
d. Foundations .

e.  Seil slopes iy
f. Earth and rock fill dams o ‘ !
g. Subgrades - . . o : o

6. Laboratory Testing

Atterberg limits and indices - . DT
Grain size amalysis

Permeability test

Compaction test . -
Field density tests

Field investigation- /
Consolidation Test .
Direct shear test )
Unconfined compression test

.. Relative density test ) .
. - Earthquake simulation testing .- : 7

]
e e T hD O -
- . [} - - [} - L] L]




- . . | 2
. . B. Methods ef Instruction and Evaluation, R . )
| o 1. Instruction . . ' A . ) :
: , » N D | ) . - 13
’ Lectures: 3 one-hour lectures per week N, .
Laboratory: 1 three-hour laboratory per week , .
2. " Evaluation ) . -
\ A ; - o . 8
Lectures: -(d) Periodic exams . S
Sy I%b) ‘Final exam
. . (c) Homework . , _
Laboratary; Laboratofy'reﬁorts ) B . At .
C. Expected Outcome : o ' . o
‘ Adequate understanding for soil to work ifi the field ofésbil mechanics
and foundation engineering as a construction engineer, an inspector,
or as a technician.
C. Minimum Student Materials ° BN
. . - A Al : ot »
_ Assigned texts, log-log slide rule, engineering computation paper, graph:
' paper, pencil, pen and straight edge. ' R .

_E. Minimum College Facilities | , N

e

Standard university lecture room equipped with chalkboard.

. ‘ « Soil mechanics laboratory equipped for making the; following tests on soils:
- . Atterberg Limits and Indices Test, Grain Size Anaﬁysis Test, Permeability
. Test, C$ﬂpaction.Test, Fieldyensity Tests, Fiéld Investigation,. Consoli-
dation Tes¢, Direet Shear Test, Unconfined Compression Test, Relative
Density Test, -and Earthquake Simulation Tests. |

H

IV. Texts and querences

.+ Texts: Hough, B.-K., Basic Soils Enginée%ing, Ronaid1Press Company, New York, 1969

Lambe, T. William, Soil Testing for Engineers, John Wiley &%ons, Inc.,
New York, 1951 . ] _ s .

/ . References: Materials available in\fﬁf University _ Library.
* ’ - ' . > ‘ .

£




CALIFORNIA" STATE POLYTECHNIC UNIVERéITY, NTURE

- »*

CIVIL'ENGINEERING DEPARTMENT

Tentative Lecture Schedule

J. B. Thompson

ETC 411 - FOUNDATIGNS AND SOIL MECHANICS

- -

4

Instructor: - Spring Quarter, 1975
- . oL .
Text: Hough, B. K., Basic Soils Engineering
Ronald Press Company, New York, 1969
K N " ASSIGNMENT
WEEK [ - DATE MAJOR SUBJECT(S) .READING PROBL EMS
1 Introduction, Soil Composition, | pp.3-13, 2-22, 2-28, 2-31] -
" Soid Phase Relationships 28-47 2-34, 2-42, 2-44f
{ ) . .
2. Grain Size Analysis, Atterbenq pp.13-é8, oY 2-10,,2-11, 2-55
Limits & Indices . 47-52, 90-104 | 2-62
. ° [
3 Soil Classification pp.470-478 Handout
' . ‘ 602-605 -
4 Soil Spec1f1c Gravity and pp.72-78 3-28, 3-31
L Permeab1]1ty > Handout
5 «-| Soil Compaction, Geostatic . |pp.199-205, 71, 7-2, 7-7,
. Stress in Soil-~ U . 505-517 13-2: 13-3
6 | Soi1 Consolidation and Stress- |pp.106-158  |Handout
Strain and Strength Character- ) ? o
istics F.
: I\
7 ' +S0i1 Stress-Strain and"Strengfh pp.163-196, Handout
Characteristicg ‘223-233
— e S —
8 (:’ Field Investigations, Engineer- |pp.59-72, Handout
o ed Fills, Seepage Through Soils |78-86,492-505,
St 1174527, |
! 529-570, i
s & a3 606-6]6 C
N 9 Retaining Structures;’Founda- pp.205-222, -|Handout
l t10ns 1 233-250,296-
‘ ' 465, 568-601
! . . [Brief parts] .
I f ~ - H W. -
0 Soil Slopes, Soil & Rock Fill  pp.255-293,  IHandout -
Dams, Subgrades, Course Review 468-470, 479- ; '
and Summary 490 '
Laboratory 30% 7 " ~
Homework . 20% ‘ ‘
Hour Exam 20%- 0
Final Exam 30% 7.
- Total ' 100% ’
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£ E CALIFORNIA STATE POLYTECHNIC UNIVERSITY POMQNA .
.ot CIVIL ENGINEERING DEPARTMENT . .
gourse:; 'ETE'EII " OQutline of Weekly Lecture Notes Prepared By:'J.B.THbmpson
Week No: _ 1 SO e Date: __ 11/5/73 :
t . ! . ’ i ‘ - )
, Lecture Sgpjects- Introduction, ‘Soil Composition, Soil Phase Relationships
' . : C. T
Assignment: Read™- pp. 3-13, 28147 . . Lo . : " |
\ Pproblems - 2-22, 2- 28 2231, 2-34, 2- ﬁv 2-44 tes
Presentation . |
’ .. N i - ' ft‘ .
. 1. Check Roll ) | | " PN
I1. Discuss Course Le€ture ScheduIe i ¥ \ A - _
ﬁ;xt ] . R - B
B. Grade Evaluation ’ i '
. 1. Course Grading: N . -
- ¢
. M Laboratory - 30% . S .
+ ¢t Homework .- 20% _ : - - .
’ Hour Exam - 20% - -
Final Exam -'30m . . a
‘ l i l. . . : -

2. Homework Policy: .

. a. Approx1mate1y one homework set per week.
: b. Each homework set.normally due one week after ‘assigned.
~ 'c. Late homework will receive 1/2 credit.
o d. No homework will be accepted after returning the corrected papers.
- /{ e. Correct homework problem solutions will be posted.
C. Scope of the Course _ ) -

N

1., Composition of soil
2. Soil Classification
y 3. Properties of soil and their determnnat1on
4. Field investigations '
. 5. Design and cogstruct1on problems deaI1nq with-so¥l (Emphasize
(4 Construction Problems) _
Engineered Fills .

Seepage through soils . ) v )
Retaining structures - -
Foundations - . A .
Seil Slopes : . ) L
farth and rock fill dams . . : .
Subgrades

-

QO -hme 0 e
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{I1.. ﬁ{stor1cal Revxew oé 501] Mechan1cs and Foundatlon,Eﬂﬁxneerxng

{

A. Modern- Day techn:ques are re]atJve1y new J <
+ B, Early methods | : o, . L te '
1. Trial and error ' ‘ L - ’

2. Difficulties-and limitations

. Improved- understand1ng for material behav1or
) ‘ o

D. Development of Qua51 Theoretlcal solutadns and emp1r1ca1 re]atlonshlps »
: . .
E._ Present day practice ' . . '
1.+ Theoretical and empirical solutions .. r.. ' - .
2. Experience ' ’ - o
3. Continuing development in the pyofession “~ L )
a. Improved. solutidns to ex1st1ng'prob1ems ‘ N 3
b. New-problems - . CLe .
“IV. General Areas of Involvement
A. Structural Foundations °
B. Pavements . : ‘ , < -
C. Earthworks

Soil Compositioné ' ' s

<

4{ A. Three Phase Material
B. Solids ° .~ -

1.. Discrete solid particles or grains " ‘.
a. Variable size. ‘
. ¥ b. variable composition . N
- ' c. Examples: Boulders, sand grains clay minerats

2. Organic materials ‘\\X | .
‘, a. Examples: Fibers, roots, shells
£
3. Cementing Agents
a. ‘ﬁxamples{ Silica, clay . >

%
¢ .

1.. Examples: Pure water, salt.water, organic acids (humic‘acid)

C. ¢ Liquids

D. Gases ‘ ’

1. Examples: Air, hydroqen su]fide.‘methqne

E*‘ . ' . | . ..
i1 |

|
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- ’ . L] e | ‘ . ' ')'.‘ . | | g . i . .6..‘
VI. Weight-Volume Relationships , o ' ..

b
J 5 - _ . .
A. Expressions for relative amounts af solids, liquids, and gases present

.8. Block diagram (visuali}ation) o “ . ‘ ‘
. ) . A e _..' . _ S
Volumes . | © AMeights ’
. L3 ‘_‘ .
) ! T .'s" LA
o - V, Gas  ~f . .
o - (Usually Air).
NP ) ;e } . Liqgid o oo T
‘e o ’ ' ‘ ; : w - ) ., 3
- Lo . J(Usua]iy Water) 2> . :
! v ‘ _
¢ o . - 1‘
. Solids .
{ . ) - -l, R et .
. f - . ' \ g.r‘*‘t- ;““* .o i-'}-— .- T -T - . . . ‘a
where: V - Total volume 7 [W - Total weight - ’ e
T -Va- Volume of the gases | Wy- Weight of the gases ' .
. Ny~ Volume of the Tiquids * Wy~ Weight of the liquids
: V - Volume of the sol1ds NS— Weight of the solids
S AL F A "R WE Wyt W+ ‘
. Ce Por031ty : , o , . F~ - I~
- 1. Ratio of the volume of the voids (Vy = Va *+ V) to the total soil' 1 -
‘ volume (V) times 100%. . ’ RS R
2. Porosity-=n = (V; +V,) oy .
- R —"(‘V—Y— X ](‘)Q‘\= v X. 100% (no unit’s) o

D. Void Ratio -'\\\\\\‘ . . o '
Y] . * - PR ..

1. Ratio of the volume of the voids (V, = V5 + V) to the volume of

. " the solids,(vs). .
21} Void ratio = e = ;x. (noQQnﬂts)
Vg ’

E. Water Contenf

1. Ratio of the w§1ght of the water in- the <oil (Hw) tO the weight of

the solids (W) times 100%. /
. -/ ‘ ) .
2. Water content = w = W, ' ) o
. W X 1007 (no ynits) ™ -~ . .
. - S - o L
Le) . ) . “ : ‘ L] ' e . -
‘ - M ~ . z o !
A f -
A\ . ‘ . ‘ y . % % ' ‘ N
\ﬁ . o /" r . ~ v
. . )
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. . .
. ".‘ “ @ .- v ’ . r, . 7

»* - . » - . 'S
. .
- - ' F

P ‘3 -'Laboratary'water content determxnat1on procedure

“ar Weigh wet soil - ¥ , s . o
~b. Oven dry soil @ T10°C * - o A
. €. Weigh-dry soil - Wy . o |
- ~, -d. -Compute weight of Swater = W - W ‘
e, Compute water content = “Nw/ws x 100%

| F Degree of. Saturation - N . " . B |
- '.'1.3 Ratio of the volyme. of the Water in the: sor] (Vw) to the volume o
- of the voids. (V, -=Vy + V) times 1003 -°  °. L
‘. S Degree oﬁ saturation = S =V |
o eg « v V!' X 100% (no un1ts) : : -
) v o

L4

- 6. BulkeDensity "o - o - /)

1.~ Ratio of the total eiéht of the soil (W) to tﬁé"totql volume of
the §P1l (v) . : : -

2. Bulk density = v = WW(pcf, tcf, gn/cc.)

e

H. Dry Density | - ‘ J;‘* . RN

. * |
.- . .1. Ratio of the we1ght of the 5011 sol1ds (Wg) to the total volume of
N . “the soil (V)

-

“

Ws - '
—-— 2. Dry Den51ty Y4 = 723 (pcf} tcf, gm/cc.).
1 : '

I. Saturated Density "s. . -

1." Ratio of the total we1ght of the soil (W) to its total volume (V)
. if the soil were completely saturated (S, = 100%) while retaxn1ng
.- its orig1na] volume.

2. Saturated Denmsity = (ecf tcf, gm/dc )

Ysat ~

. . .Where: W* = total 5011 we1ght -corresponding to a complete]y seturated
-s0il (§r 100%) ,

J. Buoyant Density

1. D1fference between the bulk dens1ty of the soil (v) and the dens1ty
. of water (yw) both expressed in the same un1ts

9. Buoyant density = Yb Y < Yy (pcf, tcf, gm/cc.)' S
"« 3. Density of water - . ’
a. fer pure water: vy = 62.4 pcf = lgm/cc >
~b. r salt water: vy, > 62.4 pcf

K. Density of the Soil Solids
1. Ratio of the weight of the solids (ws) to the volume of the selids (VS)

2. Density of the soil solids = y. = (pcf, tcf, gmcc.)

LI9N



S - . t 7
L - . .

- ¢ ‘ 8
r .
L. “Spec$f1c Grav1ty of the‘Soll {ffl . o et
e 1. Rat1o of the dens1ty of theaso11 sol1ds (Ys) to the dens1ty of water (Yw)

N -
] g

'gi SpeC1f1c Gravity = Gg* = Ys/Yw Cho ynvts)

3. Typlcal;range for “soils: . G_ = 2.6 - 2.8 °

S
M. Re]ative Dénsity .

1. Ratio of the difference between the max1mum void ratie of the sOi]
(emax) and the existing soil void ratio (e) to the difference between
the maximum void ratio of the so0il (emax) and the m1nimum soil,
void ratip (enin) times 100%. . .

.]'2, ef&tive.DEHEity.= DR = emd£-€ -x 1002
. . 7 CmaxT®min 0

3. Applied to the descr1ptlon 0 granulaﬂ 50115

Al .

a. D D,. <.50%: Soil is loose : - 7 ‘
- —~b. Dp > 50%: Soi1 isedense ‘
N. Examp] e Problems =~ , \ a

1. .jxample_Probleh N
« a. Given: n =0.4 '
b. Find: e : , \

r . - s

22, Example Proble #2-

ar~ Given: We = 100 1bs. . .
V =1 cu.ft. ’ . : ‘
. . G, = 2.65 ' ‘ - -
. Yy = 62.4 pcf ' :
’ b. Find: e - | T
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Lt - CALIEORNJA STATE POLYTECHNIC UNIVERSIT:‘ POMONA | |
| | . - CIVIL ENGINEERING DEPARTMENT )
Course: ETC 411 | iOuth'ne of Neek{y'Lecture Notes ‘ Prepared by QAB Jhompson
.Heék\Nov:‘ 27 . : o © " Date: _November Snglsl

! [}

. Lecture SubJects Gran151ze Ana[_ys1sJ Atterberg;L1m1ts and Indxces

Agsignment: ‘Read - 13-28, 47-52, 90-104 . .0
Problems = 2-10, 2-11, 2-55, 2-62 .1 = -~ *~ © ™
. ' - N . ' ) f = . _a‘ L
_Presegtatiqq' . o o , : T Lo ﬁé‘% f- -

1. Brain Size Analys1s

i. A. Descr1pt1on of a so1%’1n terms of 1ts particle size comp031tion

'B. Utilization . ., T S '
1. Soil classification (w111 be d1scussed first 1n.this course)

. 2.- Fill design and construction ‘ , > Lo

- 3. esign and-construction .° . R o ﬁ;“/

s. < - w ’ . .*‘
1str1but1on Curve >~ : ; .

- ~

C. Grgi

1> Standard plot representing the 'sizes and relative-amounts of the
partlcles comprising Qhe soil :

2. ' -
. - -
- 100%
. ‘ \ . .
. /S
I
' ’:{ . ¢ -, !
| SO =4 I
L on
[ wall
\:: § ' . .
' ~ ‘--—~®_\ - .
‘\\\\13 ,
°» \
0% . . - —~ @
Logl0 (Particle Dlameter) )
3. Tests performéd for plotting the grain size distribution curve
a.- Direct measurement . .
“i. Particleslarger than gravel - 7
. b. Sieve analysis
Q ) i. Particles smaller than gravel and larger than tourse svlts
Eﬂxg:' ii. Procedure description

* TN | . * I5
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_— C. Hydrometer analys1s KR t
C . i. Particles 'smalMr than fine sands and Targer thal colloidal sizes®
' ii-. Based om Stokes Law and f1u1d density doterm1nat10ns made with an
X e hydrometer . - ) .
',,/ Lo 11;\\\Br1ef explanation.of theory ..
. s _ _ iv.: PresentatYon of equations utiP in data reduction .
Co " v. Procedure description g | .

) d. Cmmnwdamﬂyms ‘ o | ’ .
Ut111ze two or more of the above tests “if necessary

A - )

‘4. Example Problem , —~ ~ - ' g
. -',. : , a. Given® ‘i. Total soil spécfhen_weight = gpo gms - /
. - ) ' 1. Sieve analysis data ' i ~ .
L -  Sieve No. |  Weight of Soil =
o : ‘ ' Retain is)
B e ined (grs).
* . N ‘ ) .4 ) "‘ ) .0. v
MEEN . ‘ 5 . 5 | .
, - 20 - 65 , -
- f : 40 . - 50 ‘ -
- -/ 100 Y40
: . . . ' 200 . 28 ~ - ‘
PRI : . Pan . ) 12 . .
/ : . ®
| > | T A .
A ’ , - ’ S \\\»
* . * AP Hydrometer analysis data (run on pan material)
) Part1cie¥Dldmeter { 7% Finer By
o (mm.) ___Weight
0.05 ° \ 3
: | 0.01 . ‘ 2
) o 0.005 1
. . F .
‘ CC. b. Find: Grain size distribution curve ° .
.« . A s
5. Soi] Gradation Descriptions C o ,

a. Poor]y graded or -uniform soil - soMd is composed of a limited
range in partxcle stzes

b. Well graded 5011 - §0i1 is composed of a wide range in particle-sizes

: c. Gap graded soil - ¢oil is composed of two or more limited ranges of
particle sizes ‘ : -

d. Illustration - grain size distributign curve

e .

lg )




a0y e © A

, TN Uniform™Soil '
¢ \. \\‘?
44 A ’ '\
- \ LA -
. b 3 .
O I O N Gap Graded Soil T,
. Cd . IARNEN é ’ Y
' | : - . Well Graded Soil’
\ ~ .. é : * *
r \ -
i 0% | | ‘ - ~o - \_\‘: ~— N
. . o S Log]0 {Particle Diameter)
| . ' . ' ’ F j . . ]
N e. Coefficient of uniformity - . . :

i. Coefficient' of uniformity = Cy = 950/010

ii: 060 is the particle diameter below,

- -which 60% of the soil is finer
. iif. gfls the particle diameter below which 10% of the 5011 is f1ner
N jv. "Cu<4: Soil is poorly graded

v. Cu>6: Soil is well graded if the grain size distr1bhtion curve
- is smooth and reasonably symmetrical .

. . ) |

6. ‘Textural Classification Systems

»

"a. Based on grain size d1str1but1on

. P. Systems.
Soil . Particle Size Range ]mmi ] | N
Description i ASTM System : MIT System
- .| Gravel | 8476 " +2.0
! Course Sand 4.76 - 2.0~ 2.0 - 0.6
‘ "Medium Sand 2.0 - 0.42 0.6 - 0.2 >
Fine Sand 0.42 - 0.074 " 0.2 - 0.06
Silt 0.074 - 0.002 0.06 - 0.002 o
Clay L <0.002 ~0.002 | '
 _ -, . it et

c. Clqﬁsification of multi-sized soils

d. Limitations
i. Systems not 1nd1cat1ve of comp051t10n of soil solids

ii. Composition of solids particularly significant for fine o
~ grained soils .
1. Atterberg Limits and Indices - | . , C

A. Empirical ]1m1ts and indices indicative of the compo51t1on of the solids in
fine gralned soil.

B. Utflization

1. Soil classification (w111 be d1scussed f1rst in thls,pourse)
2. Empirical relatlonshlps for other soil characteristics

~

17 . .

»?
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C. The Atterberg limits and the methods of determination -

t *

1. Liquid Limit (i) Y -

. a. The liquid 1imit (LL) of a soil is the water content at which a
closure of 1/2" occurs in a standard groove cut in a pat of the soil
after 25 standard blows are applied to the soil pat.

b. Description -of equipment .
c. Description of the testing procedure S
) d. Interpretation of experimental data . . r
/ ‘. ' ) ' . .
| 46% t o S .
. Water Content’ .
S a8y - v
Teoo ey 7 43.2% o
“ . ‘ ) ‘ -
{ , 43%
- E AR -~
. N aoxl . .. .
2. Plastic Limit (PL) . |
P : ‘ ‘ )
a. The plastic 1imit (PL) of a soil is the water content which will -
permit relling a thread of tH#'s0il to a diameter ¢f 1/8" and no -
. smaller without crumbling. ‘ e v,
-b. Description of equipment
c. Description of the testing procedure
3. Shrinkage Limit {SL) . . o
. a. Not commonly used. - _— - N
. D. Atterberg Indices . |
1. Plasticity-Index (PI) )
. a. Plasticity Index = PI,= (LL-PLY’
. ] b. -Indicates the range over which the soil rema_ins- plastic
2. Liquidity Index (LI) .
a. Liquidity Index = |1 = &{-«E«%' = "—'—T}iﬂ‘— where: w -/soﬂ natural water
' ] L content '
g b. Indicates at which end of the plasticity range the soil exists in
nature i (

c. R low liquidity index indicates a relatively strong, stiff soil.
* d. A high liquidity index indicates a relatively soft, weak soil *

1

I8

¢
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. F *

lasticity
_Index
(P1)

E.

"4: Plot to'be discussed. in.

»

- Explanation of the Basis for the Atterberg Limits and Indices Tests

*

13

1. Interaction of pore water and vardous dmfferent 5011(50115 partlcu%arly

in fined grined soils
Examp]e Application of the Atterberg lexts and Indxces

1. Soil classification system for fine graxned s0ils developed by A.
. Cassagrande .t .

r
T

o L

cL . . )
- CL,ML g ML

M A or
A L
- 50 Liquid Limit (LL)

3. -P]dt Plasticity Index"versus Liquid-kimit for the s0il to be

classified and

the classification from the graph.

re detail'below

€

@

—— »
<

e
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Detailed classification systems develeped for particular app]icatiohs

1.
2.

'Developed pr1mar11y for agricultura] (Soil Scxence/Agronomy) purposes

Bases

Character1st1cs of parent materlal '
ons' which existed during 5011 format1on

onditions which existed -during soil format1on
Extent to wh h soil format1on has occurred

a

b. Drainage condi
.¢. "Environmental
“d

Importance - to- civil engineering

" Pedological classification system

*

-

-

J

a. Basis of -extensive surficial 50115 maps de4e10ped by the )

. U. S. Department of Agriculture
b. Limited applications for the above maps. (e g pre11m1nary layout

of highways)

BEES

[ 4

)

Revised Bureau of Public’ Roads, Highway Research Board, or AASHO C]ass1f1cation
System ‘ .

1. Developed primarily for road conétrhction'(e.gﬂéﬁubgrades and embankménts)

2.

Experimental tests needed to. make a classification,

a. Grain size analysis

Contents of a typical classification

Soil descriptidn
Group number
Group index
.Subgrade rating

SO oW

of a soil

“b. »Atterberg limits and indices

~

-

.. Add1t1onal correlatlons between the c]assif1catlon and the behavwor
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-
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5. Laboragory clasijfcation procedure : ' -
a. ,Organic soil (Gruup A-8) | .
/ i. ;dentif1ed by color, odor, spongy feel and by.fibrous texture
y e in some cases . o . )
. A11 other soils (Groups A-} through A-7) I |
. i. ‘Process of elimination . ‘ '
. if: Utilize the grain size analysis data to 1dent1fy whlch possible

- group.numbers_the soil might fall under -
iii. Complete the identification of the group and subgroup number
"using the Atterberg Limits and Indices ofthe soil
-iv. €ompute the Group Index (GI) for the so11

Group Index = GI = 0.2a % 0.005ac + 0- Olbd L -

n where: - “f;;f . |
a'- % passing the No. 20¢ sieve greater than 35 and not
-~ exceeding 75 expressed as a whole number (value £ 0 to 40)
b - % passing the No, 200 sieve greater thaf 15 .and not
* exceeding 55 expressed as a whole number (value = 0 to 40)
! ¢ - That portion of the 1iquid Timit greater than 40 and not ‘
exceeding 60 expressed as a whole number (value = 0 to 20)

d - That portion of the plasticity index greater than 10 and

-y not exceeding 30, expressed as a whole number (value = 0 to 20)

Note: The Group Index is always expressed as a whole number -

v. Determine. the subgrade ratihgluf the soil and any other correlated
. behavioral characteristics of the soil npeeded
vi: Provide a soil description

6. Typical c]ass1f1cat1on - -
Descr1pt1on. High Compress1b11xty S11ty C]ay *
- Subgrade Rating: Fair to Poor >
- Subgroup and Group Index: A-7-5 (17)

_ ‘ZL_Group Index
Note: Frequently only the qroup mumber is preqpnted and- the
a subgroup number is omitted.

7. General observations .
; . .
8. Example problem
a. Given: | = '
i.g pass1ng the No. 40 sieve = 95% ’
ii. % passing the No. 200 sieve = 57%
iii. LL of the minus No. 40 fraction
iv. PI of the minus No. 40 fraction
v. 5So0il is not organic

37
18 .

b. Find: * The Revised.Bureau of Public Roads classification for this soil  °

LY

W - -

21"
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*D. Civil Aeronautics System (CAA) . .

- ) - -

1. ‘Developed primarily for airfield construction (e.éx subgrades)

2. Experimental tests needed to make a classification’ , ‘

)‘{;, a. Grain size analysis

b. Atterberg L1m1ts and Indxces o

3. Entlre system very similar to the Revised Bureau of Pub11c Roads System

| 4. Ut1l;zes Group Numbers from E-1 through E- 14 ~ - .’

E.._State nghway Department C1a551facation Systems . . | s
1. ‘Deve1ope¢,pr1mar11y for road construction (e.g. subgrades and embankments)
o2 Specielized’for éeils‘encounteked in-a particular state (
) 3. 'Frequently.similar to the Revised'Bureau of Pubiie RoadsiSystem .
.F. Unified Soil Classification System | R .
1. Successfu]]y applied to many:types of civil engipeering prnjectS -
Ve 20 Pfobably the most popylar class¥ication systmn.

3. .EXperimenfal teste needed to make a clagsification

a. Grain size analysis ) _
b. ‘Atterberg Limits and Indices (
on

O Contegts of a typical classificat

"a. Soil dedcription o ) ' .
. " .pf Soil Group Symbol ‘ ' - o '

5. Additional correlations between the classification and the behavior of a soil -
6. Classification procedure
a. Highky Organic -Soil (Pt) . ‘
i. Identified by color, odor, spongy feel and by fibrous texture
in some cases - .
b. A1l other soi]%'(GN, GP, GM, GC, SW, SP, SM, SC, CL, ML, OL, CH, MH, OH)
i. Protess of elimination .
"y ii. Illustrate by working through chart
7. Explanation of Group Symbols

a. Course grained soil . .

' ] .22




— . . . ’ 4

e , , : c . 17
ﬁ}: gg g N g;z;el . % finer No. 7 sieve ’
iii. GM y : i] d
iv. - we tade L, .
- ‘:.‘ gﬁ P - unifogm grading equations .
R vi..sp "ty ’
- vii. SC \\h - sikt s11ty
© viii. SM | c - c]ay,c]aye amount and plasticity of f1nes
b. Fine gfatned soils T ‘ '
~ . i. M | { \M‘ - silt L, -
<  ii. CL % C - clay plasticity chart
iii. OL 0 - organie ' \
g iv., MH T . ' .
. v. CH . L - low to medium plasticity ticity chart
S il oH ' _H - medium to high plasticity§ P asticity -
c. Highly organic oils: ’
L . - - R .
B T TT R | o
8. Field ¢lassification techniques o .
‘ 3/5\Example brob]eﬁ ‘ S : - S o \

a. Given:

; . i. Grain size analysis data

- Sieve No. x Eﬁner
10 . o0
| 20 1 86 |
g 40 72 ' - *
60 S T - (
00 45
_ 200 3% A
ii. Atterberg Limits and Indiges of minus no. 40 fraction

- Liquid Limit (LL) =19 B .
Plasticity [ndex (PI) - 0 . ) o .
iii. Soil is not orgagic- ‘

b. Find: The Unified Soil Classification System classification, for
o this soil - ' : »

G. Comments on the classification systems used by vartous qovernmental and private
civil englneer1ng organizations.
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- - . " CALIFQRNIA STATE POLYTECHNIC UNIVERSITY, POMONA .
-~ -~ CIVIL ENGINEERING DEPARTMENT
Course:, ETC 411 “ A P . Prepared By: J.B.Thompson

. . . Outline of Neekly'Lecture Notes - ‘ .. {‘ '
Week No: 4 s - Date: ' 11/5/73- .
.Lecture Subaects 15011 Specific Grav1_1Aand Permeab111ty |
Ass1gnment- Read - pp 72 78 '1 . S : ' } - -
N ,Problems - 3-282_3-31, additional ﬁ}oblems to be assigned ~
Presentation | P | i : \
/ ' o \ ?
I. Princip]e Soil Properties and Charaeteristics and Their Determination /
C K. Soil “properties and characteristics are requned in addition to a- class1f1cat}on '
in order to predict and evaluate the behavior of the soil
B. Princjp]e Soi]~pf0pertie§]and cbaratteristic§ include: )}
1. Specific graV1€g§ﬁﬁs - | - Lo
- 2, Grain s\ze distribution T . . .

3. Water Content, w ‘ A

4. Atterberg.l-imics and Indices . | o ' -

5. Permeability, k : ) -

6. Compactton characteristics
7. ' Consolidation characteristics
8. Stress-strain and strength character1st1cs
C. Specificgravity, Gg
1. Definition
& e . . . .
: a. See previous discussion . o
~b. Gg = ¥g -
* YN . . "\
2. Utilization | , ' S . .
a. ieight-volhme calculations | |
3. Methods of .determination : .
F— . &~
. ' a. MWater displacemen¥y ~

i (Agure volume of water (V') displaced by a certain weight
J’ of50i1 solids (W) .

i1.. Volume of sol1ds = Vg = V! J :

i, vg = Wg/Vg = Wo/v! . .
iv. Gg = Ys/Yw = (wS/V')/yw _ . ~
v. ’Example calculation 24

b. Air Pycnometer
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4. t;gical sofl values: G, =42.6 to 2.8 )
D.” Grain size distributian . -7

. 1."Discussed previously: ‘Review briefly . «
E. Water content, w , ~ ;1 . . T /
1. ﬁiscussed'previcusly Review Qriéfly - : i oL
F. Atterberg Limits and Indices 7 ': o, cf// v
1; Discussed previously, Review briefly .o~ | .

VAN

G. Soil permeahility,”k

1. Definition . .
a. Soil property which descriibes the rate at which water will flow
Egrough $oil
2. Uti]ization . )

a. A1l problems in which the rate of flow of water through the
soil is to be determined .
b. Examples o
' i. Dewatering excavations
Ai. Seepage losses from reservedrs
if. Well capacity e

3. ;Dcrcy‘scLaw

« 8. Basic law which describes flow of water thrclgh soil v
b. Equations

-

N v = ki | Q = kiA
' = VA (continuity)

&
where: Vv - velocity of flow of water through the soil (fps. cm/sec.)
. ' Q - volumetric flow rate of water*through the sot] (cfs, cc/sec )
\\ k - soil permeability (fps, cm/sec.) ,
i- A%_r hydraulic gradient (no units)

.

" 4h - head loss in the water over some 1ength L (ft,Cm)
L - the .length over which the head loss occurs (ft, cg
A - crossectional area through which flow occurs (ft.<, sz)
c. Review the principle of cqntinuity L .
d. Review the principle of water “head" |
e. Limitations on Darcy's Law
f. Example probl em

~
-~

o R 25 -
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-+ i. Given: S . - o o,

k . . ‘.31 . 1 - ' | ;. T ‘-
|
: |

S Piezometer

| - "PYezometer .
; LR : . ~Pipe, A 3 1.5 fil
TR o | | R ﬁ? p‘, . J
‘ ' - 1 ‘_ . . A . - - '. . .’_ .
) - [,Soil. k'=10‘2 cm/sec. - . \
Note: Neglect pipe friction losses s N
b~ ii. Find: - . o . ) | .
- L ' ¥ ’ 1 ‘ -~ ‘. | . ~
‘ . ¢ a . Vv . . . .
. b! q

Tﬁie/czquired for water~to flow between piezometers
4. Methods 5? determination - _— F

-

- a. Laboratory constant head permeabil ity test

i. A cgnstant head -1o0ss -is maintained across a soil specimen and
‘the volumétric rate of flow of water through the specimen is
® determined . : . 7
. ii. Experimental setup * Lo : N

N

) JL(;og.st‘.ant Elevation Reser\}oi,r

v R — i |
\7 e ' - Ah- o Constant Elevation
. ' __1,_ L/ Reservoir
* - b ' . N € } - ..
i . verﬂow
: - T RS — | l Catch Beaker
- — éK Sml Spemmen
F L N 3 Crossectional Area = .A
. 8
iii. Data reduction .
a'. Q = kiA . k = Q/(Ai) = Q/( AAh/L)
b'. Ah as ghown ) o
c'. L-as shown . . .
d'. A as shown 26 | S
<. e'. Q = volume of water obtained: in the catch beaker -in some time,~

i

ERIC t, divided by that time %

-~

-
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~iy. Example Problem
a. Given: ah = 3' :
' . - L = 6* ’
. A =0.25 ft? '
y ~ , Weight of water recovered in beaker in 15 seconds = 100 gms.
b. Find:" k- . ,

‘ b. Laboratory falling head permeability teSt

Jo A variable head loss is maintained across a soil specimen and

‘the head loss is measured as a funcfion of. tlme

ii. Experimental setup
: ‘ i ,°
/ K Y Standpipe o
= Crossectional Area = Ar. -
| ” _~Sofl Specimen ' -
Ahif . /;;fCrossectienal Area = AS
‘ ¥
C , ":; '
P .
ahy ", L .

Constant Head -

. Reservoir

. R
.o . L ]
< ‘\ /!
N
S ==
. ifi. Data reduction -
' a'. k=1LAg en[4h,/ah,]
AS(tZ t])s
b'. L as shown
"c'. Ar.as shown
d'. Ag as shown
ce'. A as shown .° .
f'. Ahy as shown o C f -
_ g'. "ty time corresponding to Ahy reading ' \
’ h'. t; time corresponding to Ah, reading ) !

. L/ | . ) " ' 3

2!7 - . "A 7 .. . ¢
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iv.’ Examp\? problen . ' : '
- a'. Given: Ay = 0.10 ftg . ‘ N
| _ - ., A= 0.50ft .
t(sec) | ah(ft) ,
: - 0 .3 -
o - L0 2.5 ' ‘

»

-

b'. Find: k -
c. Laboratory consolidation test - o

d. Field soil ‘permeability déterminations are frequently made

1. “ Advantages ,
ii. Disadvantages : ' e -
. - : ' g ) - | N
“e. Field permeability test - Case 1 .

) acquifer -
ii. Geometry of problem: *

*

i. Steady state flow to a fully penetrating well in a homi/iﬂgpus ‘ o
. m '

. | -
“—"%f\"w R * k R j"}. . r%,__ _’._\R'-—A--% . |
M- ! v ‘ ' ,_J . . .
‘ | ‘ ’ ) ‘ ) N
B / .~ -

‘ ' i : i  Acquifer
| : Pump‘mg Nel‘r —— | Ho - SEI

. . ’ “ » N « .
| 9;“)“""’) \F‘ >— R 9! Observation WeM
-+ + . ' - N
Vv
‘

-

e
~ . -

-,
-~ ' ] &

%)

XXXXXX*XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX&XXXXXXXXXXXXXXXXXXX**XXXXXXXXXXXXXXXXXX

- ° | Impermeable (&.q. Bedrock) - /

iii. Three dimensional flow _ ' <.
' iv. Da%a-reduction -~ . C .

a'. k=Q2&n SRoéR);
. = (Ho*-H 28
f. Field permeab111ty test - Case 2

v i. Steady state flow to a fully penetrat1ng we}l in a homogeneous
Q : artesian acquifer.
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ii. Geometry of problem: - . "
. - : \
Q (Pump)j k R 4 1w e [T )
\ -
Acquiciuge (Imperviou;5“~‘~‘\‘j\\ L ' . - Piegggﬁgggc:;j .
fﬁ&mm;wn?r“__“.&f_-. P x. . .
' ‘ L/
| Artesian Acquifer : :
. Permeability = k S 14 -

Impermeable (e,g. Bedrock)

iii. Three dimensional flow

g iv. Data reduction . ' - | o 4
A k = Q n (Ro/R A )
: 2r D (Ho-H

g. Other field permeability test solut1ons

.- h. Approx1Mate relationship ' T 4
i. Hazen's formu]a for the permeab111ty of clean sands -
.. k= C(Dg)? .
‘ ) . .

where: k.- Soil _permeability (cm/sec.)
* Djp - Soil effective diameter (mm)

¢ * € - Constant fRange ] 0 to 1.5)

5. Primary factors affecting the permeability of one soil . K

o a. Density
, b. Degree of saturatiqn .
) c. Nature of the fluid flowing through the-soil ~
6. Typical permeabNity values: . - S

’ , P .
. I
O ‘ ’ ‘ . 2 ll)




-

-

Mateﬁa-T Permeability (cm/sec.)
Gravel >1
Coarse sand 1-10°!
Medium sand 10-1-10"2
_ *Fine sand 10-*-10"*
Silt 10-%*-10"5% -
Clay 10°% orsless
Rock ' 10712 or less
« o
‘ R ,«\‘_/'
/ ‘
- 4

24
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Jurse: ETC 411 ) - . - | SR Prebareﬂ By: J.B.Thempson
i Outline of Weekly Lecture Notes -
3e§ No: . 5 > C;- - " Date: 11/5/73
acture Subjects*' Soi 1 Compact1onj Geostatic Stress in Soil ’ S
ssignment: - Read - pp. 199 -205, 505-517 j:‘ | : - _ .

‘. Problems - 7-1, 7-2; 7-7, 13-2, 1343

. N

‘esentation : | o ““ - '

'
-

Principle 5011 Propert1es and. Characterfs(1cs and The1r Determ1nat1on (contvnued)

?-;

| *A. Compactwon character1st1cs - fzgﬂ,.'w%'“
‘ ‘ . ‘ . . -
- 1. Definition - L » \
f .
. a. Compaction of a so¥l is the dei;igication of the soil due to the
expulsion of air from the soil voids . : N

4.

. ‘/’ ) ( . ¢
b. Different 50115 exhib1t d:;zérent conpaction characteristics in that .

they exhlblt varying responSes to a compaction effort

2. Ut111zat1on y
" a. Design of and control of the tonstruction of engineered fills
(engineered fills will be discussed in detail later) . ‘
Determine the %0il1 water content rangp at which field compact1on :
~ should be performed
ii. Determine the soil density range the ontractor should achieve in
fill placement ‘
iii. Provide other soil properties and character1st1cs of the fill as
it will be placed in the fleld -7

"
. 3.- Example fills 9-"
a. Egrth and rock il dams
S Backf1lls behlnd retaining structures
c. Highway and alrf1e1d subgrades
h:' Grade'fills for structural foundations
;8 .éyrposes of soil}compadtiop' | )
| a;‘ Increase the strength of the soil
b. Decrease the compress1bility of the soil -

becrease the permeability of the s0il

e -

- | . . .. | 31 . ;
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5. Determination of the compaction characteristics of a soil ’
a. Standard Proctor Compaction Test

i. Description of equipment
‘ ii. Description of test prccedure
—4ii. Data reduction

-

. _ Lero Air Voids (S. = 100%)

Dry Density S
(pcf)( \ |
' max.| T
|
' . L]
. . |
- I |
\\ p _ | .
~ I Water Content (%)
(w)optimum

~iv. Explanation of curve
b. Modified Proctor Compaction Fest

c. Standard AASHO Compaction Test , e TS

p d. Modified AASHO Compaction Test :

e. Harvard Miniature Comﬁaction Test ‘ _.‘\ o
5§{// f. Othér'kneading compaction tests T . ®
' 6. Determina;ion of the other propert1es and characteristics of the

compacted soil .

a. Test the compacted soil in-the lab
i. Permeability test
ii. Stress-strain and strength tests

b. Interpretation of the data *
R i. Plot contaurs '
C - 32
-, ,
LIRS ¥ N !
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. +_ & DryDensity |.- | |
(pcf) . | .

Contour Lines of Censtant,Property.Value

e Water Content (%) =~ -~

ii. ‘Select desired water content and dry dens1ty which must b
achieved in the field . j

7. Fill specifications - o A
a. Specifications on field f111 placement based on laboratary results

- b. Usua]]y specify that contractor aghieve X% of the Y test maximum dry
R density [e.g. 95% of modified AASHO maximum dry density] .

c. Occasionally also Specxfy the range in the water content at whlch the
- fild must be compacted in the field : .

8. Compaction character1st1cs of course grained soils

. a. Compaction test not usually conducted ‘because it is not informative

¢

b. Typieal compaction curve for coarse grained 501 o !

ot

Dry Density : ' | ‘
- (pef) . S .

’ . ~ Water Content (%)
' v

c. Dry density achieved insensitive to the water content of the soil “\\\‘

d. “Conduct rklativg density test

.Eﬂxggt I | :j:? : o . .
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L. ‘ : Y
i. Description of equipment - standard ASTM equipment
ii. Description of test proceduré - standard ASTM procedure
iii.  Data reduction A

e. Specify field density as some minimum relative density (e.g. 80%)}

. f. Note-the. difference between relative density and some percent of
maximum dry density

-

" B. Consolidatﬂnxcharacteiistics Y _
1. - Caused by-a change in effective stress within the soil o
2. 'Must examine stress in soil before considering the subject of consolidation
3. Stress - general , K o o N
a. Stress is eqﬁel to the ratio ef a fgfeeato the area over which it acts

b. Two types of stresses: 'nqrmal stFesses and shear stresses

c. Normal stress (o) )
i. Normal stress acts perpendicular to the plane on which it acts
ii. - y,
;) : A ) q ' '

Block .
Contact Area = A

.
-
.
-
. .

Flat Surface

iii. Units: (psf, tsf, Kg/cmz)‘

-
.-

'd. Shear Stress (1) . :
i. Shear stress acts paralle} to ‘the plane on whlch 1t ‘acts

Rt A . )

} Block . '
< ' "Contact Area = A

jflat Sunf&ce

T ~ —7}-—1-—1 B ' S ¢ ™~
. L

iii. Units: (psf, £3F% Ka/cm?) -

4. Soils are more complicated because must be cancerned with the stressgs
acting in all- three phases ' e

34
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5. ‘For the present will deal with the vert1ca1 normal stresses acting in®
a soil deposit :

a. Generally controls the amount of consol1dat1on which. wil] occur

6. Vert1ca1 "Total" normal stress (ov) actxng in natural soil deposits /
a.. Vertical normal stress acts in the vert1ca1 d1rect1on and on .
' horizontal p]anes _ ) :
b. Total stress: Total force act1ng on some plane in the soil deposit
divided by the crossectional area of that plane

-

c. Example problem
i. Dry soil in a box

Box .
o Crossectional Area = A’

LXXERXXX A****I‘Z’-*;*{“’
) Dry Soil
5! «1 < Density-= ya=100 pc f
W ) LA .. ’ \V: . SR SPUN.

: ii. Variation in vertical "Total" normal stress (ov) with‘depth

1n the box:
a'. At'some depth Z: Total vertical force on horizontal plane =
. YqAZ = T00AZ :

Crossectional area over which it acts = A
- Vertical “Totalf normal stress = o= v¢AZ = 100Z

- ————

. e i A ' .
b'. Answer:

0 500 ("V (pﬁf)
\‘ f
' ¥
| v
Depth, 7 »
(ft.) i ! '
' "
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-4
« Aii. Effect on the above plot if the crossect1onal area of the ' ) jf
‘ . box were changed % - :
a'. None - area cancels out '
J b'. Vertical “Total" normal.stress is independent of the
crossectional area considered. .
: gm_-r" )
d. Example problem (Uniform dry soil depos1t) o B
. i. Given: .
o ’ ‘ ' Soil Surface
| RO T S S ﬁz’
‘ i A 4
{ .
S _Uniform dry soil deposit
}0 Yq = 110 pcf,
. 777777 T AR Bedrock —7T777 AR R
ii. Plot: Vhriation‘jn vértical "Total® normal .stress witﬁ depth
. - L) .
e. Example ‘problem (Layered dry soil deposit) -
i. Given: ’
Soil Surfac
XX XX x‘f“i’i‘"‘"“]‘ T XXX~ XXX~
30° , Dry fine sand. |
' Yq © 100 pcf
30° Dry’sandj gravel
o Y4 ~ 95 pcf
' ' ) Dry silty clay :
N 30 o vg = 115 pef s .

.
.
R .
. . l .
.. X . . s
—. a— - — e A n i ————— e —n = - e ————— e e mm s = o m
i ’ TGS
.

i | Bedrock N S N

/ . , 38 L | _



» . . s ‘.
' .o - 31 .

ii. Plot: Variation in vertical "Total" normal stress with depth

f. Example prob]em (Water present) : S . ‘ . o
i. Given: ) ' ‘ - ‘ B
Ifg Soil Surface
XXX ] . X XXX . 7r XXX XK o
v 20. C]ay . . v ‘
- Y4 = 105 pcf . )
e 1 AR [ —
. { ]
80" '
Clay | . o .
Ysat = 120 pef , ™\
. , . . :
/:«‘f//»ff,.’ — AVRR A Bedl"OCk . //ff7;f AN\ R

.
. . -
¢ . .

ii. Plot: Variation in‘vertical "Total" normal stress wtth depth
iii. Note: Soil above the ground water table may be saturated or
partially saturated due to capillary action, rainfall, etc.

. . - L%
1. Hourr Exam
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA .
CIVIL ENGINEERING DEPARTMENT ’
Course: ETC 411 - - '

. : Prepared By: _J.B.Thompson
Qutline of Weekly Lecture Notes o ’
. - Date: - 11/5/73

Week No: __ 6

[}

;Lecture’Subjects: Soil Consolidation and Stress-Strain and Strength Characteristics

.

. Assignment: Read - pp. 106—158

-
-

. ~ Problems - To_be assigned N A : o &

4

" Presentation

]

‘B. .Principle soil properties and characteristics and their determination (continfed)
A. Consolidation chéracteristf%; (continued) - { f
. 1. Definition

a. Consolidation of a s0il is the dénsification of the soi} due to the
expulsion of water from the.soil voids caused by a change in the |
effective s€ress acting on the soil

b. Diffefent soils exhibit different consalidation chéracteristf;s in.that -
they will undergo different rates of densification and different amounts
of ultimate densification”in response to a given change in effective.
stress ' ‘ . ‘ - i

. 2. -Utilization
RS . 3. Computétion of the ultimate amount of consolidation settlement and the
- rate of consolidation sef®lement a soil deposit will experience as the
result of a change in the effective’stress acting on the soil

b. Inp§5'computeq values fg{ settlement are utilized in the design of
- foundations such as: '“ .
i. Spread footings .
. 1. Wall footings
iii. | Piles
iv. Caissons -

- )

“3. Determination of the consolidation characteristics of a soil

. a. General description - .
i. Test an updisturbed cylindrical sample of the,soilﬁfbt ined
from the field . A
e ii. Simulate fiekd isplacement conditions by prohibiting Tateral
ol : ' displacement§ of the soil sample during testing
iii. Provide for free drainage of the soil sample_during testing in
order to meet theoretical boundary conditions utilized in data
o amalysis . . Yo .
iv. Apply load increments to the soil sample during the test and
allow the soil to completely consolidate under each load before
changing the load T - -




b. Experimental setup . * . .33
i. Sketch . -

s P (Load Applfied)

. ’ Dial’ | ‘ ) .
' 5 Gauge -a(%) ' ‘L '

-

k—;fSealed Container
| Loading Ca | |
v g Cap A
T — 7
- . %_Pnfeus Stone S ~ Metal Hollow
. £ , ‘ > { - Cylindrical
. ~ o _ = Restraining Ring
: ] ;/{‘ Cylindrical Soil | )
¢ 1 - . ‘ :«’ i’ Samp]e . j 4 R
i ~.~ Crossectional Area |
I e = A o
SR j . ’} Porous Stqne o Y

!
TR T T 7T v A \ ANV R

-

ii. Load applied through a load1ng frame
iii. Dial gauge measures the compressxon of the sqil sample

~

* ¢. Test precedure |
i. Prepare:-the sample and make the initial sample measurements
‘Set up the equipment
11i Apply the first pressure (1/4 Kg/th ) and measure the sample
L compression with time until all compression has occured
(or for about 24 hours)
iv. Apply the second pressure (1/2 Kg/cmz) and measure the sample
~ compression with time until all compression has occurred
- {or for about 24 hours) { e
v. Apply the successive pressures and measure the sampie compression ,
.. wWith time uptilall compress1on has occurred (or for about 3! hours)
- - Each succggséye pressure is twice the prior pressure applied
- Maximum praskure applied in test exceeds the maximum pressure .
to be applied in the field
vi. Reduce the pressure on the sample in steps and record the
ultimate swell of the sample resulting.
vii. After the sample is completely unloaded, preform a water content
" test on the entire sample immediately

-d. Data reduction
oo i.~ Sample compression versus time for each load increment and
C, computation

- Plot and necessary constructions . /

h ]




t{SO ’]0310 (timE)
ho-t—~@ {
«Q . .
IS - - \\ ; a .
\/‘@\ ‘ ’
_ hep=hgthgot - — — — — -\3\ Experimenta1
50 ~jlfrlgg &k‘f Points
Dial Gauge
_Reading, h
Moot——————— 7 S C S &
_ ' . oL T
-c, computation(coefficient of compressibility) ; a

Note:

Note:

ii.

Coefficient of .
Compressibility

-~
~

CV

A

1

. ) p@. -~7‘*'
t, (load 1ncrement)T © ®

“ = 9—;;—31 (H/N)? (cm§/sec )

where: t50

H
N

i

sam\le thickness (cm.)
number of free drainage boundarxes (1 or2)

A value for Cy is computed for each load 1ncrement applied to
the sample _ * _ A

CY is utilized in the ca]culatxon of the rate at which settlement
will occur ' : . : A

Summary plot of c, values computed for each load increment app11ed
to the sample ‘

\

: O
—~__° 2~
Pinitial * Pfinal

| 2 o o
P .vs - ‘ L)
1n1t1a1§; éff/ 2 Peinal .

load © 7! I .
k_. Increment _.* ' ‘ 1q910(applied pressure[ ‘

-~

- Cy computed For each load increment is plotted at the average
pressure which existed on, the soil sample during the application

“ =~ of the load increment . -

40

{
t

time at 50% consolidation compression [see plot above] (sec )
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. .-y s pressure dependent ~ g . ..

.~ Note that applied pressures are vertical normal effective stresses
- iii. Summary plot of the ultimate sample compre551on resultxng from
each applied pressure
- Plot the final void ratio, e, reached pnder each applied
- pressure versus the base ten logarithm of that-pressure

: --PTot

P : ‘loglo(applied‘pressure)
- >

. . CC computation
Vo'id Ritio, e

7 - w ﬁ—%) .« - . -

rebound curve .

5\\ - o experimental :
v v points '« ) ,
. ( ~
| . Note: - Applied pressurgs are vertical normal effecpjve.stresses ‘ \

- Relat{ng vo}d ratib to the‘measured dial gauge readings

.

. €, = 1n1tia1 void ratwo @ zero applied pressure
J e, = V = Vv - v = ¥ -1 = VGSYN -1 .
. (5) — . v )
S VS ‘s s .0 % .
o : - where: V = initial sample volume (A x )
' SN ' . : Gy = specific gravity of the solids
. Yy = unit weight of water .
\\'(‘ W, = weight of solids in sample (determined at test end )
ad ‘ . .
) . Toe="g, - bLe-= s0il -void ratio o .
) o _ AH T
- - —— T A .
oo ' Hy = initial sample height = V/A
5 . .
ample 2., = : . -
Crossectional f@rea . ! ’ '
= A - .
AH = meadured dial gaige change
b

'-‘. | | . 41



(V) initial  V initial -V

w
}
]
t
—

e = = - :.—v—
] : v
. Vs N S
SRS - Wdginar  (Hy - aH) A
: Sfinal T T Vg - v, -1
. . A H. A (H, - AH)A AH A
Y - R 0 _qu_. - i
¢ he = € - efipa1 = | ¥ "] - v -1 = Ve
. oo 'S . s
. | - Ae = %__ V/H(J = AH[(Vv)initial + ] AH . _ - (4
- s TV T =T (1t e)
. AH N . . .O S . _ ‘0- .i
e = - - I
o Hy (“eo) )
p -
- where: € = 1n1t1a1 void ratio ‘ .
AH = measured dial gauge change . : ' _ ’
Hy = in1tia1 soil sample height . ‘ S

. CompresS1on Index

Slope of the void ratio versus Tod1p. 1app11ed pressure) plot in the

portion shown ,
C@ Compression Index = - Ae |
v OmQ < 10910 (P + AP) :
T N BN .« B , —-———-—-———-P _ 4,
P v 8] .- '
Where: Ae = change in void ratio corresponding to the changé in
e : * applied pressure
A
. Py = some initial applled pressure
" AP =

a change in “the applied pressure
A U

Utilized .in computations of ultimate settlement

. - This summary plot of the ultimate sample compression from each applied
"pressure is utilized in computing the ultimate settlement which will

occur in the field due to some nge in applied pressure

4. Example problem (illustrate applieEtion)

a. Given® A
i. Initial soil profile - S
tj 7777 ~ I g7 ]7’]7]‘ Initial Soil
T . . ‘ Surface
) : 10' Clay - o : ' ‘ ‘ ol ‘ o,
' - = 130 f - t
_ Ygat. pc - - X |
S A | -
\ ) A _ .
. . - - ra . ] Lot
S, XXXXXX : XXXXX XXX - XX '

Bedrock (Impervious)

o | . g o .. |
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: : _ o : 37 .
. - . ! :
ii. Final sojl profile: - Same as above with 5 feet of fill @ y = 105 pcf
’ ' ) placéd atop the initial soil surface
iii. Consolidatidn test results ‘ . :
- Performed an sample taken from a depth of 5 feet below the initial
sdi1 surface (e, =1.0) - ' | . -

‘ . .
, Cv Vs 109]0.(§pplied.pressure) plot

.

Cy X 10'4A : \ | i : o
(cm?/sec. ) ’ e A
~ v 31:6“"“9\\ . ¢ ) ‘

L * ‘
.- —_— ™ “ . . _
“ ]q- \S\TH_—-@
) oS - ot
! ’

338 863 . 109]0[applied pressure] (psf) '
- e vs. 10910 (applied pressure) b]oq' '
: 8?3 109;5[applied préssure] (psf)

1 } ) IS

b. Find:
i. The ultimate settlement of the clay surface
ii. The settiement of the clay surface whi%b‘will occur in one year
after fill placement, , . '

. '
. : -~ »

B.. Stress-strain and strength Tharacteristics

1. Definition

a. Soil stress-strain'characteristics are .soil properties which describe
- the compression of the soil resulting from a change in the stress
acting on it ‘ . . -
b. Seoil strengthlcharacteristics are-soil properties which describe the
maximum load the soil can support without collapsing

2. Utflization o o
a. Soil stress-strain characteristics are utflizéd in the computation of
the probable canpression a certain soil mass will undergo as a result

.of a change,in the'stresij?cting on it '

! /o . 43 A
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“b. Soil strength characteristics are utilized in the design of various
soil engineering problems in which.gollapse of the so11 due to over-
loading is a 1imiting factor such as .

T. Soil earth pressures against reta1n1ng structures
ii. Bearing capacity of foundations , .
iii. Stabil ty of slopes '

Note: Soil stress-htrain characteristics are, in general, utilized only
in advanced designing and will not be emphasized hereini

3. Simplified'illustratioh of stress, strain, and strength

a. Rectangular sbil sample tO'Gﬁ#;h a vertical load P is applied
producing a change in length, AL.

. +
e | . P (load applied) ' ¢
Cap — -
- A
o T___-____AL
h ‘ . , A . T
] . Soil specimen -
L f“—-S:-Crossectional Area = A
D .
. l l
Base — JL_ ' e ‘ .
T N\ A . \ -
~ XXXXXX ' XX —XXXXXXXXX .
Wi '
b. Stresses - .
i. Vertical normal stress = o, = P/A
1. Horizontal normal stresd = o, = O (exposed to air; use gauge pressures)
c. Strain ' |
1. Vertical strain = ¢, = AL/,
* ii. Horizontal strain = ¢, = 0 (as shown)
/ d. Stress-strain curve o7
s i. As’ oy is changed ey will change -
if. op and £h remain at 0
iii. Plot \

¢




S
/’/’

s s ——m b
. A .‘ ' [} ) . e
A ‘
o, = P/A ;)

. - - . ’ . . Ev = E

e. ‘Strength ) | Lo o

i. In this case strength could be defined in terms of the maximum-
load and vertical normal stress the soil specimen was able 'to

withstand A ' T

(Gv)ma' ¥s shown;abovg . ‘ -

il.

.;l;; . . *

-
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&

Lecture Subjects: Soil Stress-Strain. and ‘Strength Characteristics }

Assignment: Read - pp. 163-196, 223-233

Problems - To be assiﬁneﬂ.

-

\~

Preseqtétion . t

I. Principle soil properties and character1stics and their determ1nat10n
(continued)

. ! ° '
A. Stress-strain and strength characteristics {continued)

1. Theory of soil strenqth

a. Soil fails by shear when the shear stress alonq some plane
_in the soil exceeds the maximum shear stress the soil can y
w1thstand , y o

b.  Stresses acting on a plane

i. Stress on a plane can be‘descr1bed completely by the shear
stress and normal stress acting

, /

if. mammm.

« arbitrary plane
. '
arbitrary soil mass )

c. Mdhr-Coulonb Theory

i. Establishes an equation for the failure shear stress '

along any arbitrary plane
‘ii. Equation:
e T C*op tan(@) . ' P

. Ri
e .

.46
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where: r} = failure shear,stresé on the plane .
o, = normal stress acting on the plane
o . ¢ = soil cohesfion - . )
- ' # = soil angle of internal friction
L iii. The two basic soil propértieé are the soil cohesion, c,

and the s%il angle of internal friction, 0.

“~

‘iv.. Failure will not occur if the actual shear stress actin§

Yy | on the plane does not equal or exceed Tf.
) v. Graphical representation of the Mohr-Coulomb Equation:
-, . 1 : o X
A ) R . —
LT -
)

A

©, Te<C +.0, tan .
[ n ﬂ]ﬁ!

2. Soil strength properties which must be détermineg are the soil
- cohesion, ¢, aq? ther§oil angle of internal friction, @.

3. Determination of the strength characteristics of a soil

a. Several test techniques are utilized and each is advantageous
g under certain conditibns. '

b. Direct shear testing and tfiagial compression testiﬁg are most
‘frequently performed. . ~ '

c. Direct Shear Test
i. GeneraT.description

~Rectangula} or cylindrical soil specimens
-Disturbed or undisturbed soils tested
~ -Split“container device .

ii. Experimehtal setup
" -Sketch N : , ‘ '




Y P (Normal Load)

. \ \ \ \ ~Top Container

T (shearing load)

Soil Sample, Crossectional
. Area = A

Loadfng Cap

»

. Dial Gauge

Failure Plane

Am— — SR g  ctEme sstme o

-Bottom Container

N

XXKXXXXXXXXXXXXXXXXXXXXXKX AXXRXXX )

e

i . t

-Loads app}ied through loadipg frame

-Dial gauge measures the shearing displacement of the top
container relative to the bottom container

-Stresses on the potential failure plané | ,

1= T/A

. Test procedure '

<

- - ﬁregare a sample of the soil
- Setup the equipment

- Apply the full normal load to the specimen
- Haké the:initiél specimen measurements

L _ - Gradually increase the shearing force acting on the
' . specimen while recording the shearing displacement
. ' produced -

LN . y . A

--- Repeat the entire process but utilize different
normal loads ip.successive tests. In general,
a minimum of two tests must be performed to
determine the soil cohesion and angle of internal
friction but additional tests are desirable.

-4

iv. Data reduction ) a

L

( ' - Shearing stress applied versus shearing Jisplacement

48




shearing ”
stﬁess, T

~ One curve for each test performed. . Normal stresses

applied differ.

)T

(Tf)3 -

i

~

(Tf)z 4

on)) (o3 > ("'m)lz'\_> (on);

(Tf). e

\ T
.o\ .

shearing displacement

Determine the faifure shearing stress for each test from

the plots. .

- Mohr-Coulomb Theory

N

Te=C + o, tan_n

¥ .

- Plot data (rf VS, n)% on T vs. 9 axis and read off c and @.

: Tf=t+on tan () -——-——:TSF~

—_ e i = v e x et e P

Experimental Poi gt

'LBest Fit

traight Line ’ .

+ -+ +
CP Q(Un)2 -(Un)3 “n
&~ L}

19
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v - Special Case-#1 “
Clean sands c =0 -
. o |
-Tf_zﬁ‘ + ay tan @ = o tan P
! o p= tan-] (Tf/ﬂ'n) '
- Special Case #2 ; .
) Saturaf;ed clay loaded rapidly @ = 0
o
. rf-c,+cnf;n(n);-'c- | o
cC = Tf g ‘
Py | . . _
a v, Accuraﬁy of the test
- ‘Theoretically the test is not very accurate
- Practically, the test produces reasonable values for ¢ and P
but does not yield good stress-strain relationships in
general : .
13 : «
' 4
‘ ) _vi. Example problem [Direct Shear Test] -
Lo Given: , ) "9
’ - Crossectional area of specimen = 5 in
‘ T T . - Loads a‘pplied and shearing displacement measui-ément:
~ . test No. | Test No. 2 Test No. 3
. . Norwmal Force, N=100 Tbs. Normal Force,N = 200 1bs _ Normal Force,N=300 1bs.
Shearing Force, aring. Shearing Force,[Shearing Dis- | Shearin ring Dis-
T (1bs.) - |Displacement (in.)| T (1bs.) placement (in)|Force,T (1bs)iplacement Un%
0. 0. ° 0. 0. 0. 0.
180 . . 0.5, 190 0.03 . 320 0.02
300 0.1 - 310 0 06 500 0.04
390 0.15 405 0.09 . 595 - 0.06
460 0.2 480 . - 0127 650 0.08
510 0.25 540 - - 0.15 630 0.10
540 0.3 , 585 0.18 615 Q.12
548 0.35 600 0.21 - 605 0.14
552 . 0.4 , 590 0.24 600 0.16
- 550 0.45 ’ 575 0.27
563 0.5 574 0.3 ‘-
Find: - Sé+t cohesion, ¢
- Soil angle-of internal friction, §
- , \ .
()

o



d. Triaxial pompress%on Test
i. General description
-Cylindrical soil specimens (L/Dssz.S) A
-Disturbed and undisturbed soils tested . ‘
¢ _ -Provisions for applying- independent normal stresses bqth to

the top and sides of the-sofl spesimen )
-Provisions for preventing drainage of fluid from the Soit
specimen during testing

' i, Experimental setup :

. P (vertxcal 1oad)

Loading Piston

' . ‘; Sealed Chamber
Cap.—_ . ~
| /h uid | |

Under
o . Pressure |
- Soil Sample — = ? < 7
Crossectional Area = A A I ' Y, )
/ A v -
’ f . ! . .
< | Membrane Sealing

Fluid under _ éﬂf____,_5'ﬂ Soil Specimen
/f{ one ' .

¢ Pressure
&Ev Failure

Plane

4

| R N N : | |
s " \\\6 Base . ~
S N )
. FRXXX (XXXX _ X ] XXXX XXXX

%

- g ’ ead Connecting Soil Specimen
.- - alve to Exterior of Seal hamber
- \V : S
. R iﬁi

Y »




- Vertical 1oad applied through loading frame .

- A dial gauge not shown is placed to record
vertical soil sample deflections

- Stresses acting on the soil specimen:
‘. ’ : l

= gc = pressure in fluid contained in

; = | o
, . L chamber
oy = P/A+o ‘ . ./{
dﬂ = deviaioe stress = o,- op = P/A s

iii. ~Test nrocedure ,
"~ ~ Test procedure will vary accord1ng to the type of‘*~
triaxial compression test being performed in that
the valve shown allowing drainage of fluid from the
soil specimen may or may not be open at various timés
during the test. A general testing sequence is presented

- Prepare the sample of so1l and mount it between the base
and the cap. Place and seal the memhrane.

-

- Make the'inifialfsample measurements.
* 3 4

- Set up the equipment. ‘
\;' ~ Apply a preséure‘t6§§%e fluid in the sealed chamber. \\

- Gradually increase the vertical load acting'on the -
-specimen while recurding the vertical deflection
produced.

-~- Repeat the entire process but utilize different chamber fluid
' pressures in successive tests. In general, a minimum of two
. tests must be performed to determine the soil cohesion .
. and angle of 1nterna1 friction but additional tests are
- desirable. ’ _

iv. Data rvction |
. : :
i Deviator stress versus ‘vertical strain

One curve for each test performed Horizontal stresses
applied differ, '




-Deviator;stress,-ad#P/A

(od)f’s -

) . (og)¢,2 4
(og)e,

Vertical strain, ey = AL/|

~

Vertical strain equals the change in the specimen length,
AL, divided by its initial length L,.

Determine the failure deviator stress for each test from the -_

plots. - : . .
‘ rd

_ - Based on the Mohr-Coulomb Strength Theory and Mohr's
circles for representing the stresses acting-in any-
body, the following construction can be made.

Y

. A ' . - - \

Shearing stress, T
| -8 7 Best Fit Targent Line

[ 3
Circle #3

c { J_Cfmle Center #
, - 4
(o)) (ogdy (o) ¢ o)y o)y ¢ (5,) ¢
- » : Normal stress, o
- \
k—\ ' *
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{

‘(c) +o.l.

' y

. . ‘ !
‘ " ’ @
. . [ :
[4 P} 1’
- ‘ ‘37 X& \
. * ) )

Construct a ‘T vs. o axis utilifng the same sca1e o;hihe
ordinate and the abcissa. - ,

—t

Plot points corresponding to o, and (a )¢ for eath test
performed on the normal stress Caxis. ﬁote (°v’f =

Construct a circle passing through both points for each
test and having a center lying on the normal stress axis.
Construct.a best fit line tangent to the circles constructed

Read off the soil cohesion and angle of internal friction as
shown:

La s e

-

An equation could also be written and c & § could be
determined from this equation

_ oy = o f1 + sin g).g 2c cos 4
vt C\T—=in 1-s1n

where: (°v)f = vertical stress appTied at failure
for test
oc ' = chamber fluid pressure for test
p - 5 soil angle of internal friction

| oy ¢ = soil cohesfon ' - ,
Note: ;g%lyfé/will occur on some inclined plane or planes in :.A‘.f

soil sample. Identifying the potential failure.plane
is more complex in this test than in the direct shear test.

- Special Case #1

s

Cl ean sands ¢ =

1 i 2};” 1 i
e (,——Hf::)* ey 1:‘:1:',8)

1 + sin g = tan (45+ﬁ/2) = (g ) | .
‘(‘S")& ‘}‘;—ci \. .

p=2tan [{!o§if7oc;]- 90° ‘/)

‘ r - Special Case #2

saturated clay Toaded rapidly (undrathed) @ = O
' N



v.

\ 7 T

vi.

'uii.

(o) l+sin)+2ccos “"‘c+2c'
f T = s1n 8 T-sin H
cs(o') cn(Gd)f °
& §_ L

Specific Types of Triaxial Compression Testg\)

Cbnsolidated Undrained
Consolidated Drained | " )
Unconsolidated Undrained ' ' CoT

Unconsolidated Drained' - f,. .

1

‘fPrimary difference petween tests lies in when if at
. fluid is- allowed to drain from the so11 specimen. /. .

» = The test performed is selected on the basis of how

accurately it simulates field conditions (Examples).

Effective Stresses versus Total Stresses

-

- A1l the stresses in this discussion of soif stress-strain
and strength characteristics could be expressed in terms
of either effective stresses or total stresses. . ‘

-

§~Effective stresses are the correct stresses because it has been
'shown that they best describe goil behavior. SR ¥

- Total stresses are frequently used however, due to the.
difficulty in determifiing pore~water pressures. ~

- Sofl coheMNon and angle of 1ntefﬁ’T friction values determined
using tota stresses are denoted by: ¢ 3 P,

‘“‘Soil cohesion and angle of internal friction values determined
. using effective stresses are denoted by: c¢' . p'.

Unconfined Compression Testil;‘ .
‘ /
= A special case of ‘the Unkonsolidated Undrained triaxial

compre551on test. ] '.5§
- Work in terms. of tdtal stresees. . |

-~

- Test most frequently performed on saturated clay and since.
- the ‘test is an- undrained test, § =

(6,), = (l + sin §Y 2c cos P =0, + 2¢"
. 'Y f T - sin P, - sin

€= ((i'v)f - ‘ .~
-



P
- 01rcumferent1al area of the specdmen is expased to the atmosphere
and oc = 0. [Always work in terms of gauge, pressure].

] ~
' ™~
= e 9
c (ov)[ zu_
~ where: (o )f = ;entical stress applied to sample at failure=
K u ‘..
Qu = unconfined compressive strength :
e C .= soil cohesion

- Very quick test to perform and a very popular test in practice

- Occasionally performed on other than saturated clays because '
it will generally yield conservative values for design But care
should be ‘taken in the analysis

t -
- Example Problem: [Unconf#ned Compression Test] ..

Given: Initial sample crossectional aréa = 6 in?
- Initial sample léhgth~ .= 3, 5 in .

a »

. Vertical Load Versus Vgrtical Deflection

X .
Q\\‘\x\ Vertical Load, P - | verfical Deflection, Al

-\ . (1bs.) . __{in.)
. 0 . ‘ 0 :
' 20 ' .. .05
R 7 J ' S I
39 . .15
42 ’ .20 . ) A
41 : ' ; .25 _ ’
39.5 : ’ .30 .
38 . ‘ .35 *
38 ) .40 -
37.5 | ' .45 :
37 : “ ~ .'.‘- . .5
37.5 , . .55
. . - ‘ .
'

Soil is a saturated clay

Find: Vertical stress versus vertical strain curve
(11lustrate area:correction) .

gav)f

q,- -
u ’ ,)(-
Cc . r* ‘
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f\ viii. Accunaey of triaxial éompression testing -

S | : - Most accurate of conmn'ly used soil stress strain and
v strengi{ tests ' .

*

- Some theoretical problems, however,

4, Primary factors affecting the cohesion and angle of internai friction of
‘' one sotl.. | ) N
a. Density
. b. Fluid pressure within the soil voids

C. Disturbance and aiterati‘on < N

5. Typical, va'lues for the cohe®on and angle of interna'l friction of-various

o -50'”5. s 4 _ 4 ' '
“a. Table ) S
. "Soi] Type |, (Degrees) (psf)
Clean Sand 25-50 ~0
Silt ‘ interfrediate
Clay - 0-40 " 0-2500
. b. In general, soils exhibit.a wide range in values for these properties. -
. '/ | r. ‘ - - -
N
A/
-
\
. - & .
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) CALIFORNIA STATE POLYTECHNIC umvt‘nsm.ronom
) CIVIL ENGINEERING DEPARTMENT
" Course: \ETC 4]14 ' OUTLINE.OF WEEKLY LECTURE NOTES . PreparEd\by; J. B, Thompsoh
Week No.: B~ ~—. ¥ = Date: 11/5/73
Lecture Subjects: Field Investigations, Engineered Fills, Seepage Through Soils .
Assignment: Read - pm. 59-72, 78-86, 492-505, 517-527, 529-570, 606-616 ,
Problems - To be assnmed -
Presentation ’ ‘
I. Field Investigations |
| A.‘ Punposes: ' ) ‘ ' - | t.-

1. Gain general knowledge of proposed site(s) =~ | oy,

44,

. 2. *Determine theé distribution and characteristics of the soil present
at the proposed site(s) - .

3.. Locate and describe the groundwater present at the proposed site(s)

B. Compositfon of field investigations . S
1. Making general observations |
2. renetrating‘the sofl deposit
3. Sampling the soil deposit ' A - h : ;
q. Performing field tests on the sofl deposit = ° .
C. -General observations - K .

1. Climatic conditions L. -
Topography -
Snrface water .
Past slope failures and resulting scars

Surrounding structures _ )
! { -

History of the area (e.g., seismicity, floading, mining, 0il or gas -

production, soil swell, soil frost action, etc.) .

o S (O . I o

- *

D._«Penetratﬁng the soil deposit

1. 'Hand auger - ‘ ' SN
v 2. Backhoe ’
2. Bag .

3. . Chopping bit




4. ﬁechaqical-auger

) . ® _
5.. Rotary wash | ’ - _ : ! ..
6. Bucket rig . g ]
7. Cable-Tool rig \ { ' T ‘
'E. Sampling the soil deposit Fo ‘ |
- ; - 1. Block sample | | | | . ‘ ’ -
2. Split spson sample . ‘
3. Shelby tube sample o o ) 7
ﬂ.lmsmﬁsmpm a : . | -
. 5 Foil sample . =~ I
6. Core barrel sample ) ;
7. Frozen sample SN E . )
F.’ Fiéld testing of the soil deposit - 3
1. Standérd Penetration Test -
. Cone Penetration Test
3. Permeabilityzfesg )
4. Borehole Sheér Strength Test
Sa “‘Borehole Ekﬁénsion Stréss-St;ain Properties Test |
6. Vane Shear Test . , : ' -
| 7. - Plate Load Test ’ A
8. .Pile Load Test
9, Test for Locating the Groundwaté; agle
G. %sigb of field exp\1'orat'io‘ﬁ programs \\
1. E;ch field exploration program will be dffferent. .
2. Design based on:
a. Type of project .
b. Distribution and magnitude of.loads _ ~ -
g. Anticipated conditions at proposed site | - .

Regulations established. by ownaﬂrgr reqgulatory agency

-

T
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| 52 Erompies

! - Highway.consfruction

b. Shallow foundations‘

c. ,Piie(founda;ions

d. Dam construction . |
‘n- H. Summarizing the results of the fieid exploration program

" a. Boring logs or logs of pits excavated
b. Summary sheets of field tests N
/ Soil profi]eo- |

II. Design and Cdnstruction Probiems Dealing with Soil (Emphasize‘gonstruction
Problems) . .

A. . Topics to be discussed include
1. Engineered ills.

Seepage™ through soils

2.
'3.. Retaining structures . - . ‘\' *
‘4. Foundations S ‘
5. Slopes * )
. 6. Dams and reservoirs i o | : . \\\_Q
7. Suborades ' .

B. Each topic will be briefly presented
‘ C. Engineered fills ‘

: Definition

S/

. a. Enginéered £i11s are man deposited soil masses deSigned to have
d . ‘certain properties and whose eonstruction is controlled to
assure that these «degired properties are achieved.

2. Utilization . : ®
a. Engineered fills are frequently designed and constructed to-act as: #

i. Water retaining structures (e.g. dams and levees)
; ii. Backfill behind or over variqus structures {e.g. retaining
J/ _waHs, pipelines) _ ‘
' ,dii. Highway and airfield subgrades ‘
iv. Surcharges to preload soil deposits

Q : L 6Gn " e




* o - ' | - J
B v.. Structural foundation material having a high strength and a

low compressibility.
vi, ’'Material to achieve the desired site grade

3. Design and specification of engineered fills
. - *
. a. See previous discuSsion on soil compaction

4. - Construction of engineered fills .

: i
a. General process o
i. Fill is constructed in 11fts (layers) -
ii. Soil is obtained from some borrow area(s) and modified if
- necessary (e.g. graded,. mixed with.other soil)
iii. The desired compaction moisture coufﬁm t‘is achieved in the soil
| - iv. Sail is.placed in locatiofi in an Uncbmpacted condition until |
o | ~ the desired 1ift Reight is ac?ieved - f:>
v. Soil is: compacted to the desired yy . - e

b. Locating soil borrow area A
' L. . - ./ | :
R i. Major problem in some cases .

ii. Must know first what type of soil pust be acquired
ifi. Air photos sometimes help¥ul

c. Obtaining the desired moisture content co.

- 1. Conveyor system with dryer or a sprayer depending on which
is needed is most convenient
ii. Frequegtly water truck or hose techniques are used to add water
) iii. Drying“soil is a major problem particularly in heavy rainfall
: regions -
; ! | ~
" d. Lift heights e ' A
i, In general, an increase in the 1ift height will result in an
rease in the number of passes a given compactor will have
t make to achieve the desired degree of compaction ,
ii. Economic trade offs are important - ro-

ifi. If the 1ift is too thick, it will.he impossible to achieve the -
desired dégree of compaction

. e. Compaction of the 5011

i. Compaction of the 5011 is achieved by the passage of a piece
of compactlon equipment over the soil
ii. Static compaction equipment
« - Smooth-wheel roller
- Sheepsfoot roller
- Rubber-tired roller :
iii. VibratqQry compaction equipment
’ - Smooth-wheel vibratory roller
- Vibratory sheepsfoot roller
- Rubber-tired vihratory roller
| ' g . 4

. 61
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- S
' iv. Tampers and vibrators
. ‘v. “Vibroflotation
' vi. Compaction piles :
vii. In general, the fined grained soils compact best under
"~ stattc compaction equipment. . : !
viii. In general, the coarse grained soils compaet best under the
vibratory compaction equipment C * ‘

“ 5. Control of the construction of engineered fills
a. ,In genefal; check that the required dry density is achieved

. b& Occasionally must also assure that the desired water content .
‘ is being utilized ' , -

c.. Water contenycheck

i. Obtain a sample of the compacted soil immediately after placement
and perform a standard water content test using equipment designed for’
: field applications. : '
"11.  As a.replacement to the standard water tontent yest, a Speedy
Moisture Meter or Nuclear Moisture Density Meter detérmination
might be performed as those two testing techniques considerably
reduce the time required. [Note: , These substitutes are not
always aceurate and should be used with care],
111. Compare water content measured to the desired value(s)

d. Dry density check -

f.. Utilize following equation: L

.Y 2T¥5

. where: x4 = soil dry density . :
' ' Yy = so0il bulk density , -
) w = sofl water content . :

‘ ii. Water content,w, determined as indicated above )
111. Soil bulk density determined by excavating and wefghing a
chunk of soil from the compacted fill and determining the
valume of the soil. removed from the compacted fill by one

' of the following methods: -

- Direct measurement'
- Sand cone method
- Rubber balloon method

.o . fv. Alternatively, the bulk density may be determined by using
the Nuclear Moisture Density Meter although care must be
taken due to inaccuracies which will result in some cases.

"v. Compare the computed soil vq as compacted with the desired

value(s). g9




57

-

J

M Problens which may develop 1“” consfl:v'-uction of engineered fills
a. Inability to meet specifications _
b. Deiays due to inspection requirements . -
c. Mobility of vehicles |
d. Mud waves - |
e. Er;sion or overtopping of fills near bodies of water

7. Hydraulic fills
' «

D. Séepage through sgi]s |
: 1. C;umonly'encouﬂtéred groundwgfer conditions in soil deposits
a. - Single groGndwater table hydrostatic é;essure conditions
b. Perched groundﬁater tables hydrostatic pressuré cbnditions
1. Sketch ) | |

- Perched T T — Ground Surface

¢

lay Lgnse , Perched GWT .

P

' .§...6;!IV“II;"Q"
) Sand’ Deposit | f N>’ -
— — / :ilG"T Clay Lense "
' “f : ¢ . - -
o ' . , . Hydrostatic pressures
—XXXXXX —5090509¢ ' XXX

L~ %Y

Bedrock (Impermeable) ' -

N\ e
\ ii. - Identifying perched GWT's

- Loss of drillingwater
- Identification of profile

. - -Knowledge of principle GWT location at site
c. 'Artesian conditions - | _ o -
i. Sketch
3 ’
@
‘f?;2

ERIC .

Full Tt Provided by ERIC.
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r 'ﬁ o« Standpipe
Acquifer Source / , .
' ' Ground Surface

Acquiclude (Cap)

; ™ ‘Acquiclude (Base) .H

[ 4

ii. Water will rise in pipe placed in the artesian acquifer

above the GWT /" - : .~
d.. Capillyry rise conditions , *
i. Water pressures less’// n atmospheric
' 11. Water encountered abéve the groundwater table - . iy

iii. Completely saturated zoNe and partially saturated zone

e. Evapotranspiration

2. Primary. problem areas involving seepage of water through sofls

a. Computatfon of and control of th quantity of water seepage through
- sofls .

b. Computation of and contra] of possible sofl erosion and instability
© due to the seegage of water through sofl .

\ 3, Theory of seepage of water through soils

- . , a. Seepage of water through soils can be described by a partial
' differential equation formulated from:

i. Continuity equations
1. Darcy's Law

b. Equa®on
2 \2 2( : -~
k j3%h +ky3h+k oh =0
R~ e~
‘ :
o c. Certain assumptions are necessary fo establish the above equation
.4, Solution’ of this basic partial differential equation
’ a. Can be solved exactly or nearly exactly in a very few restricted #//f’“\\ i
“ cases (see section on soil permeabiTity). ) '
* v |}
6
Q -




\ . . -
T - b. In most cases, must be solved approximately

i.  Graphical solution (flow net) .
i1, Mathematical analogs: -~ . ’
i11. Electrical circuit analogs ™
iv. Resfistivity paper -
] ’ V. M]S ‘

c. Graphical solutions (flow nets) are the most frequently used
and uill be discussed here.

5. Flou nets

-
) .
.

a. Graphical solution to the controlling differenttal equation and
as sych must have certoin characteristics

Ut b. Example flow net (Homogeneous Earth Dam)

"BOMOCENEOUS EARTH DAM

\ " Legend: O Streamliné , '
: vV Equipotentiol Line | 7 .

.- | ™

c. Wil deal with fTow nets for two dimensiona} flow in homogeneous,
{sotropic ‘soil y ve ,

d. Composition of a flow net

i. Streamlines (flow lines)
- Indicates path water flows

ii, Equipotential 11ines
- Lines of equal water head g

e. Requirements of a correctly drawn f1ou net

i. Streamlines and equipotential lines must alwoys intersect at
right angles :

ii. The average side d}mensions along streanline and equipotential.
line directions of an area in a net bounded by two equipotential"
lines and two streamlines should be equal if possible. Other-
wise the dimensions should be 6f the same ratfo as all other




! 111.

£,

g.

h.

Drawing a flow net is a trial and error procedure,

areas bounded by:the two equipotential lines. ~

If a free surface (phraetic surface) exists in the flow net,
the vertical distance between the intersection of adjacent
equipotential Tines and the free surface should be a constant.

Computing the quantity of seepage from a flow fiet

1.

r

Theory yields an equation:

where: ' Q = volumeétric rate of flew through the
‘ flow net (cfs)
Np= number of flow tubes (number of flow Tines
minus one)
Np= number of equipotential drops
N = soi1 permeability
P k = length of structure (distance into paper)
o Ahtotal = total head loss through the flow net

if all areas are perfect "squares,“ Ny.= number of
equipotential lines minus one

if all areas are. not perfect squares, N, = number of
perfect squares plus the sum of the rat?os of the ~
side dimensions of the non-square -areas, The“ratio

to be used is the dimension measured. in the equipotential
1ine direction divided by the dimension measured in the
streaml ine direction.

>

Determining the 1ikelihood of 90551b1e soil erosion and
instability from a flow net

i.
R | 8

w——

ifi.

A number of sophisticated methods of analysis(«

Will examine the critical hydraulic.gradient concept which is
a general Mdicatowpossible pmb}ems

Criticg] hydraulic gradient, 1.,
- Equation

icrsY-YN = Yb

\ Y,, ')

G

{
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.

critical hydraulic gradienf ¢

g

-
0
[}

sofl bulk unit weight (ssually Yeat)
unit weight of water

-

Yp = sofl buoyant unit weight

o el - Typieal values’ ‘EE i a A .-
o, 'Y = }20 Yy " A - K ‘

4

<
z
n

i = 320-62.4 _57.6 ..
& -TREY s

iv. If the critical hydraulic gradient is exceeded at an point
in the flow net at which the flow has an upwards" nent,
then erosion or instability of the soil _deposfit is possible,
E Erosfon will result 1f this condition develops at or near the
» surface. . . .
: v. Computation of hydraulic gradfents at points in the flow ne

- Equation o - S \
Hydraulic gradient = 1 = ah
, L
‘ where: Ah = some head loss '
! 2 = length oyar which head loss occurs

~
]

Hydraulic gradient is different at different points ,

et \‘F" . o
- Ah’ :
Computed between two equipotential lines

Ah totaI/N

.For all perfect "square" areas, Ah = D

—

! “For non-perfect “"square" areas, ah = Ah total/(ratio -
. of sides). The ratio of the sides is the same ratio Q
j discussed earlier. K - §

- 2 ‘ ! ' ,
Distance between two equipotential lines along water flow
path measured from flow net and scaled appropriately

vi. Summary . | . .
~ If flow has an quitﬁs companent and: -
i > 1. erosion and instability may occur r

] . i <1, erosion and instability are not likely

A\

- - 67
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A 0\
- - Must check all points in the flow net. Highest hydraulic

gradients will occur where the equipotentia] Tines dre
closely spaced, -

1. Example flow nets, seepage quantity calculations, and "erosion

R ‘7 and 1nstabﬂity checks. | .
| ) ) ? . - F L ]
ample 1 .8 Yo Ll L el e = i
bld . (
g r 3
\’_;
..' C & ‘ b ‘ . ’ g Sand 3 . ) ‘
ol ' k =107 cm/sec o v
18 ’

< St , ’/
: . k =10 ° cm/sec
J LTV A .

<y Y. '-_\w,,r. )
- ‘ MASONRY DAM
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-

. f ._~6. Contro'lling seepage quantities and emsion and-einstabuity possibilities

1. Coved

. - 11, Cutoffs
oy 111. Blankets ' ) -
) v, Vells - well points | ; _ : : !
. v.” Drains . : :
vi. Surcharges i | - ‘ \
- - 7. Construction problems related to seepage through soils ' .

i. Dewatering excavations

- Removing 1nﬂow '
- Maintaining a stable axcavation base-

) ' " - Possible damage to surrounding structures
1. Vehicle mbﬂity . | - "
o« | it ‘Tunnelim into wqter bearing deposits c | _ '
S . fv. . Stability of cut and fill slopes
- ) . - & ) : . p]
] . ] ’
3
- 8‘ Fi]ters . .
Tk ' - - | o .
. " 9. Quicksand - . | ‘ SRR
- ) -
‘ .o > . . ¢

‘.h

e o

‘EKC L »

. . —-—
e "
- L .
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CALTFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA
CIVIL ENGENEERING DEPARTMENT
Course: .c o . Prepared by: J..B. Thompson
© Week No. -9 OQutline of Weekly Lecture Notes  Date: 11/5/73- |

-

#

Lecture Subjects:- Reta1nxngﬁStructures, Foundations

Assignment: Read - pp. 205 222, 233- 250 296 465, 586 601 (brlefgpartsl

_ Problems - To be assigned ‘

"Presentation &

-

S, ‘ . . . u
* - .

\ .
I.” Yesign and Construct1on Prablems Deallng w1th Soil (Emphasize Construction
Problems) [cont}nued] .

A. Re§a1n1ng_5truttures

1. DSP¥ition . !
s a
a. An éaxth retaining structure is any structure designed and constructed
. to hold\Q?ck a soil mass.

b. Frequently, 1hls45011 mass would be unstable anless otherwxse supported

2. Ut1lizat10n - .
a. Retalnlnq structures are generally constructed. when economic land use’

requires steep and/or.hiqh soil slopes or when the qeOmetry of a particular
. ‘ job makes them mandatory

|
b. Examples:. _ .
- "", , . ;‘*"l[' . ] ‘ .
i. Highway cuts and fills | PR
_ ii. Cuts and fills associated with 1-};21- S hopwerit
iii. Construction excavation (e.g. 5“ " basements)
R iv. Dock structures (e. gurwhas®g)= )
- v.” Dam’ constructlog gﬁégégbﬁtéfaﬁ
| . Ak
3. e é m?structures
. ” s +
R L AP SR
LY !._
" &
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r&_nuj ) 4 ‘
- . : Soil
W Surface
X ) .
« D> . ' s _
. ’ .
v
."’
- -

Soil Surface

‘ -~
ii. Massive concrete structure . ~
e 'iij. May or may not be reinforced
iv. Stability af the wall results from its own large weight ©
: : : K
b. Cantiliver retaining wall ‘ r '
i, SketCh » N
. _ ‘ _ . * Soil Surface
e :
6 4 i 3
'h
. | \ |
i_‘;}‘_“\.’s’.‘f_ .. L ' ) - (':F
, . ‘ ] .
4 . )
Soil rface . e — T
. --«—""”glc"--——*———'«*m—a'“ TR — x|
. , e |
: 2. 2 07 < T .
Toe.ﬁ,zy[' “\_Heel
i1, Constructed of reinforeed concrete o ;éy%$f§3§}ﬁygﬁﬁ
iii. Stability of the wal] results from the soil pressure acting on
T the wall footing R
C.

Buttress or counterfort retaining wall 7 I
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| * ,i. Sketch : o
- o Ground
o __nq*n*~—-_f4——————**xx“""’_‘—‘ﬂeeﬂph_ﬁ Surface
. N . .0. .
' : “J" . A
. d. * i .
. , | . .
L 'oA Buttress or counterfort
\ ( (Tle) 'A
* Ground Surface oo - g
XXX — x| 2 |
— — ARAR . Nd 3
- ‘ . . .L . .
N - ._,jt o s S '_'.C.) ) ‘:-" £ Vo€ n(
R ~ Toe . Heel -
y T - - i
iji. Constructed of'reinforced conerete e .;
"~ iii. Stability of the wall results from the s0i1 pressure actlnq on
. the wall footing . » : \g{/
¢ d. Sheet pile retaining wall .
©i. Sketch . - * ; - |
S . . Ground
: o - ___.__4ﬂp__\____*x,r*”7xxrSurféce
5 - ' ] > o 1—-***)\*
: ‘ 1 - Tie Rod -
. Sheet Pile Wall - ) . : . .
g . /E:Dea&
& / ‘ : Man
] - -
Ground" Surface e N ) .
‘ ‘tr[
. P
D,
Tae
. ) g' ' . {
79 . :
. .




ii. Usually construdted of steel sections : |

-

- One typical section ‘ f(

) ‘ . | ‘
{ - Frequi?tly tongue and groove connections
iii. Occaéfonally designed and constructed as a “tie-back" retaining
wall utilizing the dead man and the tie rod shown -

iv. Stability of the wall results from the soil pressures acting against '
the completely submerged portion of the wall gnd the "tie backs" if
utitized :

e. Crib walls | o ]
i. Sketch - \. ' B
| - Shil ~ :

SoiT.Surface '

~ s

Ty :

ii. .Wood, ctoncrete, or steel framework filled with soil. Material
and dimensions of framework highly variable. :

"

iii. Stabiksty of %he wall generally }esults from its own large Qeiqht

f. Braced excavatioms

[ 2B
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.

: i. Sketch - SR : >
Ground Surface

AR TON | m Ground Surface

B ’ B;QCes 3 N . S ‘

‘ Sh . 3 R
\\ ~ eeting

.J ‘

~ Excavation Bottom | .

* XXX .Y, 7. 3 ' -
N , ) \
. ) -
alEE L 1N Mater1a1 used could be steel, concrete, or. wood .
- iid. Stab1l1ty of the excavation prnlided\gredominantly by the brates

" Configuration of braces variable

g. Soldier beam - lagging design

" _h. Cofferdams o - ’
E | T

.- . . ‘ LN ’
Slurry trenches

L3

-re
.

‘. j. Reinforced earth - | | \\\\
4.. General design procedures , - ‘ .
" a. The partiéular desiyn procedure to be fol1owed5uill vary with the

. type of retaining structure to be utilized.
b. General design procedure consists of:

i. Determining the soil pressures acting on:the retaining structure
‘ii. Dimensioning the retaining structure ‘
iii. Checking the stability of the retaining structure
' - Soil bearing capacity
Sliding | . e -

Overturning ¢
General slip of entire structure +
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iv. Calculating the forces, shear stresses and moments generated
) in. the structure by the soil pressures acting on it
{ R
v. Performing a structural design . e
- Stee] sections
- Concrete sections and reinforcement
- Timber sections . '
- Connections ' ' . <

C. Add1t1ona1 factors which must be con51dered in the design of retaining
structures .
. 1. Constructlon procedures '
ii. Joints
~iii. Drainage of the backfill
- iv. - Source- of the backfill - '
. v. Effects on surrounding structures .
vi, Economics : e
vii. Building Codes /

d. A congleted design must be accompanied by construction dranings
~ ) , S

Notes:. a) Earth pressures exerted on retaining structures are
‘f,f/fJ . highly dependent on the construction sequence followed.

’ b) The contractor frequently designs the excavation bracing
- needed for a particular project. Most other retaining
structures are designed by other engineefs.
5. Aspects of fhe construction of retainin:\structures - . i

. Excavation and possible dewatering

.
b. Sheet pile griving . .
¢. Concrete and reinforcement placement ,
d. Bracing placement
e. "Tie-Back" installation
f. Drainage system installation
g. Fill construction
Foundations !
1. Definition — (T
_a. A foundation is a structure designed to transmit a load to some soil
depbsit.

b. Common sources of the load to be ﬁranSmltted to the soil deposit
include: .

I L

~7
-

i. Weight of sstructure ..
ii. Wind forces
iii. Snow forces_

- .

1:’.'{
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iv. Wave forces
. - w, Weight of cars, trucks and trains
vi. Weight of fluids (e. g oi])

vii. Soil masses . &

J 2. Utilization |,

" a. A foundation must be designed and constructed whenever a load is to be )
transm1tted to a soil deposit

r

b. Examples:

oA Building column or beam S
ii. Building wall , i
4ii. Building mat > *

" iv. Retaining wall footing
v. Offshore platform . ’ .
vi. Bridge pier . .

vii. Highway abutment : S ,

"3. Types of foundations ;

a: Spread footings . E ‘ .
i. Sketch, . - e .
) T ' lv {vertical 1oad). L
S : rt,-(_.__ W (horizontal load)
' S . ’ | Soil .
Soil Surface — o] e - Surface
© XX e - |Structural Member _ . '
. ( E L
; T . . ¢ . . ‘0 ' J ~., i
" fgtoo. f": e ib‘ ;Footing/
" 11., Shapes in plan view
A - Square . . ) /
- Rectangular . . \
- Trapezoidal ' . o
- Combined ‘ - '
iii. Strap and cantilever footingSt}
. A €e&structed of reinforced. concrete generally although plain’
.o concrete .is occasionally used S
,
v. Load is transmitted predominantly at. the contact between the
base of the footing and the soil deposit |
vi. Shallow fqundation ' | }
- ‘ ~ s




AR

b.  Wall Footingﬁx

i. Same as a rectanqular spread footing except’that q has ‘considerable
18ﬂgth ) ! A
‘ «

c.  Mat foundation : . %

i. Sketch (Plan View)

Mat

: ) » ] Structural
. Columns
' ‘ X
J
) }
[ - ——— o
\ i
a4
. Note: Sideview would show a relatively thick concrete mat
placed at bome depth below final grade and supbporting
the structyral columns indicated
° ii. Constructed of re%nforced concrete
e

iii. Load is transmitted predominantly at the contact between the base
of the mat and the soil deposit. -

.

iv. Shallow foundation | :

Y |
~1




>

Sot] Surface

4.

/7 72

&

Raft foyndation 4 . /

1.

sketch ~ {7 - . . “

XX ) 9. uamy v v 3

ey — ' (ft"\*‘ Soil Surface.
) . ALY, 5

i,

iij.

iv.

vi.

viis

i.

Sketch .

‘
A . . .

f etaining Wall
' Structural Member - » '

NI R

deotings'or Mat S

Loads are fransmitted through footings or & mat placed 9% the
base nf‘an excgyation . :

- L

Settlement réduced because of consid¢rable removal’of soit  #
prior to fqundation and structure copstructiod -

Basemeqt-grovided

Generally constructed of reinforced concrete

b

Load- trahsmitted predominantly at the.contact between the base of
the foundations placed in the bottom of the excavation and the

soil deposit. Some load can a be transmitted through the
retaining wall. ’ _

'
N

-Foundation placed at moderate dEptE,

. e.. Pile foundations ' : | \\\\\ ' - . B
\— (" ) ) ‘ . »
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AN . .. \ . ’
¢ \'\‘ ‘ .
Vs .
AP
Sqil Surfacéi. ) _Structural Member | " ' . Soil Surface
' . mx*:‘“m';m - - ' . e l "\ ~ —1 . 4**" _“m_'_.*xrx—_
, T T |
L 3 .
: [ = T P Pile Lap
A ] ~] o ]
§ = “ ; L A~ A
- A - [/ '
- d B OH I
N - > - Ve
. -1 T A4\ 4K
| /\ - - y - ’ ;
R . [ A . ,./ :f ,f" !
B ' ;- | L~ \ d ] .
. ﬁ' » . j ’A K f z{; .
1 |~ A 9/ /" , -
“ - - L~
-1 - - A L Pile GY‘OUP\
( . = 1 d _xJ 5%
BN /P .
.. o - «‘f ~ -
) \ oy g e - A g .
) _ N ’ /J /J L~ vd [/, . )
- - [ -1 72 b 4 -
- L ~ o 1 L~ ‘
) ‘0 H g4 8 F ~
‘ t“/ . e/ - u A " )
- .
ii. Number of piles per group, configuration of group, and spacing
: of piles varvab]e . '
"4 4ii. Pile cap usually constructed of reinforced concrete '
. iy. Types of Piles - - | "
- Materials |
Timber
Steel
> N Reinforced or unreinforced concrete (may be prestressed)
- Composite piles ‘
- Pile shapes . .
. CyllndrxcaT“- 79 ' ‘
Square or rectangu1ar : )
"H" or "I" section . T~
Continuous taper . _
Step taper R
Q - Sheets . ~
C " -~ H ' . - ¢ N
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3

- Methods of Installation

Driven.
Predrilled hole

Setted

- Type of soil resistance generated
b ) AN i} . ]
: : Skin friction =~ df)
r. End bearing )
_Combination of skin friction and end bear1nq e

- Special Cases
»  Franki piles
v. Pile Hammers , : o .,

Drop hammers

Air driven hammers .
Steam driven hammers .
Diesel driven hammers < .
Vibratory hammers ‘ s

- Double acting versus single acting
- Pile driving stresses

N ™~ ’ .- (

vi. Pile driving formulas

L B N S

vii. Control of pile driving ii |
.

- viii. Pile load test

ix. Piles are used-to transmit the des1red load at depth in the 5011
| depo#%t

f. -Caissons

i. .Sketch (drilled caisson)

/ N ) 8’)

)
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.Soi1 Surface Soil Surface

|
P .ﬂ: .
n.'-.l £
[ ] \ ¢
f
.
0
)
- ¢4
.f.
- . Caisson '
4 h ‘. ‘ '
Y L
. Oy !
\
\ . ]
_ e -
; .
é.
. )
v A y
: : Belled Base (Type a)
W

Beari tratum
Drilled-In or |
Socketed Base. ";2--"5'W ' ~
(Type b)
] * -
ii. Caisson constructed of reinforced or unreinforced concrete
iii. Load is transmitted to bearing.stratum at depth

iv. Aspects of construction

Drilling the hol - ' v
Casing ' - v ’
Belling (if required)

Inspection , .

Concrete and reiyforcement (casing recovery if applicable)

8i

, ’_\‘
Id
| I |

1

-

v. Special. Casas .

- Open end caissons
- Closed end caissons
- Pneumatic caissons




iy

«

{6

General design procedures . &

b. " General design procedure consists of:

c.

. iii. Effects on surrounding structures -

a: The particular design progedure to be followed will vary with the type

of foundation to be utilized.

Sizing the foundation based on the applied loads to be
transmitted to the soil deposit and:

wd o
-

-%o0il bearing capacity criterion
- .Soil settlement criterion \\\c,
- Construction feasibility ‘ ‘

N
oty

ii. TDetermining the soil pressures which will act on the foundation

foundation structure by the “"structural" loads and resulting soil

iii. Calcu]ating the forces, shear stresses and moments ggngiiigg in the

pressure actlng on it , ;

v
-

iv. Performlng a structural design
'Steel sections _ T K
- Gencrete sections and reinforcement :
- Timber sections o
- Connections

i. Economics g
ii. Location and characteristics of groundwater

iv. Construction procedures )

v. 'Building codes °
vi. Freezing and thawing

vii. Site improvement (e.gq. preloading)
viil. - Soil disturbance
d. A completed de51gn must be accompanied by construction drawings
Aspects of the construction of foundations . -
£
a. Excavation and possible dewatering .
b. Concrete and reinforcement placement : : X
c. Construction work associated with retaining walls utilized if any
(see prior discussion)
d. Pile driving ‘ .
e. Pide splicing ’
- f. Pi and caisson drilling
g. Pile jetting .
h. Fill construction :
i. Field load testing if requestedff#—_ .

. _ 80 ‘ (;

Additidnal'factors which must be considered in the design of foundations



cxvn. ENGINEERINQ DEPARTMENT
»—

Course E!C 411 | Outline of Weekly Lecture Notes Prepared by J- B. Thomps on
Week No: 1O . © R N " Date:’ 114547 o~
- . . . . . ? )
. . Lecture S(bjeets Soil Slopes., Soil and Rockfill Dams. Subgrades,
PRSI N - Course Review and: Summary
. Assighment: Read $p. 255-293, 468-470 479-490 . -
i ¢ C \ Problems - To be assigned L, - ’
¢ \-ﬁ ; . s . . . . 'Y , \
| Presentation « - < e ‘ oy
I. ués' ﬁ: -and Construction Problems Dealing wﬂh Soil (Enbhas‘lze Constructmn @
«—Prob ems)[continued] ) . "N
: e e
oA, Soil Slopes . . e L 4w .
) T, Definitmm - ' L - G".f-, LA e y
o a. A-soil slope is any soil depos1t having a sjopihg or )
\' --non-horizontal surface. '
. br Seil.slopes can be composed of natusal soils, - man deposfted )
" 5 soi'ls. or" a comb'inatmn of the two e . |
' 2. Utﬂizatmn‘ Lo ' A * o
° , a. Soil slopes are encountered in a wide variety of. field A
Y R : proble - [ L .
R Exampl I o . :
ST Rl g hwdy cuts’ and fi11s o LN «
Y. ’ii. ra.ﬂway cuts and fills .. . ¢ o =
cLow w0 o dii. earth dams and levees . G : - =
‘ '.‘.-, ‘.“ .:: woe T 1v ~natura] soil- slopes treated by\nature ~_ * . .
B -~ v. ~Tand 1mprovement\pr deveTopment - : :
H ‘T % V1. ~retafning wall structures
S * vn. bm]dmg excavatxons .- .
> ' . @
3.; Analyzing for the stabilit_y and safety of slopes - |
ca L T fe Most methods of'analysis are based on eqdﬂibrium equations
. R ¥ K pHed to. an -assumed fajlure mechanism .
DT B o 1. . s1iding wedge e . ,
Y o _ H slip circles N IR . .
S S b. Charts avaﬂable I 833 * :
. ' ‘c Building Codes . L T \

- .
- . . H -




’
- 4, Techn1ques for 1ncreas1ng the stability of s lopes -
a. Berms
p. Decreasing the slope angle .
< c. Decreasing the slope height
' d. . Surcharging the base of the slope .
- * e. Removing loads existent atop the slope !
f. Draining the slope
g. ,P¥acing a retaining Structure
. h. Modifying the soil composing the slope
, i. Placing vegetation on the slope
5. Aspkcts of slope construction
a. Excavation
b.: Fill placement
c. Installation of drainage systems
d. Construction of retaining structures .
e. Planting of vegetation ¥ " |
Notes: (1) It is “important to realize that some slope failures are
v “deep seated and are difficult to stabilize by using retaining
* sthuctures.
(2) Nature's natural process is to flatten the land and all possible

causes of slope failures should be realized before attempting
a stabilization (e.q., Palos Verdes H1l}s) .

o B.. Soil and Rockfill Dams : ) N N

- S Definition _ : ' .o, -
E e . A soil or rock tructure to'safely retain a i
. e B * flgid whith is frequently water

_ ;b. A levee or some relatively small structure may be

© L . . considered in general to act as a smaJI dam

(_ - 2. Util1zat1pn
: a. .Reservoir 1nstal]at10n
" Flood control
c “\Jand reciamation »
d. Construetion of projects adjacent to bodies of water
e. Special purposes .

Vl' .

A

. - ~-tailéngs dams ° ~ " PR 2ad
~mineral~reclaMation (evaporating basxns) -
: Typical soil and rockf1ll dam - crossect1ons j ' .0
N ‘3" a. Dam crossectjons utilized ‘highly variable
L . . ) . . . 4 ( . -.‘ ;’ . ‘, )
{ . ‘! . . ‘e
: ] - : 84
[ . ‘ . N P R
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b. Example 1

'3
.

N-p*
e
. 88" , m
520 gt £ 5120 wame 0
500 - R e L . & me
s - L B
ettt i 40
80— DY T T T 1Y)
— ! Co -l.'.- “0 g
Iw 5 p
® o e e
1400
E 4o -a‘:“v -Ag
M- .v:‘;’:'ﬂ.':’:;-g.?:—-:{si:j_ e e = ’ 1% .
. N . T Shp m seable metend ¥ 3°-8 Saluct pprvams 1l {30
»- ‘ Ay o Strip o swtodle metesiel
- i“’ : Aesamed duch sertaes i I
’ wr- commen eucseston 590 Cato) tmch 0 Nych : e
w- L \ { L 1 (
¥ T w ® ® 160 %0
. -
.‘ Thomkfton Dam, Connecticut ,
f ) y
' . ) * ' g
c. Example 2 ‘
'S

8 ImpeggiBus rolled earth-*to consist of

Semipevvious rolled earth, transition zone-to co

gether with some silt sizes. The finest-
: Rolled sand, gravel, and cobbles. -the
Dumped rockfill—to consipt of rock

Sondt paval pod codbiey from dervow gt
. Nceboss seiveied far Mgh puermeabdy

e o foe -

Rochial toe helow 11 1200 fv de spread by dosens
& layers not grestey than the ixrgest wie of rock
prafavatiy not greater Mgt J feed o 0tmo the grestes!

« Aount of epresdeng - aguenguent compacien

@ mixture pf silt, fine to medium sand, and gravel not exceeding 3 in. max. di
nsist of fine to coarse sand and gracel not exceeding 3 in. max. dimen
material to be adjacent to zone (1) with a gradual transition outwards. .
finest material to be adjacent to zone (2) and the coarsest adjacent to ‘zone (a) and/or (5):

frop required rock excavations and primrily composed of well graded fragments

.
qminn.

n, {o-

s
. larger than ¥, {1} in volume with only enouglf rock spalls and gravel to fill voids in the coarser material.
" (® Random fill <o have a min. dry weightn= §15.1b.Aft." and min, ungle of internal friction = 35°

*

0
-

P

Beardsley Dam,. California, 8 J

-
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d, Example 3

|

.Ir

|1

80

T~ & - Ep

| e 50 160 ‘ 0m
@m @ (3) Pervous @ Rockdll '
Lax Pirquitus Dam, Argenting.
- r l‘
{
.
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- J -
S 4, Design considerations

Source and transport of material
Nature of the proposed site '

River diversion (if necessary)
Probable wave actioh

Construction feasibility

Purpose of dam

Seismicity of area

Seepage

Slope stability

. Settlement of foundation and structure
Possible damage caused. by burrowing of animals

spects of construction

Supervision and inspection

Excavation

Fi1l Construction ‘

. - Placement of slope protection (e. g » riprap, asphalt,
soil cement, concrete)

Climatic conditions

Time schedules '

Foundation treatment (e. g., grouting, cutoffs, uells)

OO DN D Kta=FQ -hd OO oo

onstruction instrumedtation and cost construction inspections
Piezometers

Settlement and 'slope movement devices

Stress devices i

Physical inspection (e.g., bowing, sand boils cracks)

Dam cores

naoTeO QK

!

Ndtes: (1) Dam design and construction is very much an art-requiring
- consideratfle practical experience. <

" C. Subgrades | ‘ - T J
1. Definition & T
a. Soil subgrades are sotl deposits designed and constructed
primarily to support pavements

2. General design procedu?? for pavement thickness
a. Determine the magnitude and frequency of the loads to
be placed on the pavement
b. Evaluate the charactertstics of the subbréde at the site
(existing e? to be constricted)
c. Establish the characteristics of the pavement and its base
and subbase ”
.. d. Seldct pa eme‘g base, and subbase thickness o
j) é. Note t at the characteristics of the subgrade infTuence [the
. thicknéss of the components of the completed pavement
3 f. Frost action 15 an imposiant factor in pavexent design .
9.
E
a.

1

Design charts

" 3. "Evalgting the subg-rade \ ) > : *
«ﬁ °Ebilm'neter test B : T 3
‘ bs Sand equivalent test ' : / . 4



CBR test ' L-_/

c.
d. Plate load test
e. Vibratory testing

4. Aspects of subgrade construction
* a. Supervision and inspection
b. Excavation
c. Fill placement
d. Sofl modification

" D. Coursg Review

E. Course Sunmary &
w
. ,
: i
¢ \
. )
}
. RN
b - 4 ‘c )
v
| D
>.. _ R
Tyt re '
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMC' A )

CIVIL ENGIREERING DEPARTMENT - °
ETC 411 - FOUNDATIONS AND SOIL MECHANICS R
: Tentative Laboratony. Schedule _ . p
Instructor: J. B. T son , ' | . Spring Quarter, 1975
- ~ . ‘ . .
Text: Lambe, T."William, Soil Testing for Engineers, : ,
John Wiley and Sons, Inc., New York, 1951, R A ~ .
r . P - . .
T - - s ASSIGNMENT .
WEEK ' -| DATE TOPIC C READING ' RY : ORTS
i “> '
1 Introduction 1-14,.22-28 Report #1
Atterberg Limits and .
Indices : ‘\
2 |- Grain Size Analysis 29-42 % \Reporlt #2
.I. P B ‘1 2 — -
3 ‘ Pgrmeability'Test _ 52-62 : Reporg #3
SN B T Compaction Test” | 43-51 ~ Report #4
5 Fje]d.Density Tests Handout .| Report #5
&
6. Field Igyestigation Handout Report #6
7 : Consolidation Test 74-87 - | Report #7
+ [ 8 1 Direct Shear Test 83-97, 138-146| Report #8 -
9 . | Unconfined Compression | 110-121 ~ Report #9
Test ' . .
. : _ P
10 Demonstration of Rela- | --- ‘ ---1
tive Density Test and. : '
. Earthquake Simulation
Testing, Summary
. *
7 Course Grading: =«
¢ , . Laboratory * 30%
. Homework * 20%
Hodr_Exam™  20% ,
" Final Exam 30%
Total > 100% ,
S 8:)
‘ ¥ W
L ] ’ - . . ) e
Z ., -
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CALTFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA i

-

CIVIL ENGINEERING DEPARTMENT

-~

Ny Course: ETC'ALJ‘ " . Qutline of Weekly Laboratory Notes ~ Prepared by:

- - J.B. Thompson

Week No: 1 e

: Laborator& Topits: Introduction - Atterberg,Limits and Indices

. . » 7 Q
Assignment: Reading - 1- 14 22- 28 ) IS <
' Report Due - Laboratory Report #l.- .
. t .. L}
Presentation <:i
I. Check Roll | ' .
. . {
IL. Discuss Course Laboratory- Schedule . h
A. Text ,
= - .
_B. Grade evaluation
1: Course grading:
- Laboratory* - 30% _ \ .
Homework = - 20% ' L :
Hour Exam - - 20% . . : : P
- Final Exam - 302 ; g ‘ _ _ "
. . _ . . [ :
Total - 100%
S 2. Laboratory report policy: ‘
a, Approximately one Taboratory report ‘per week
b. ‘Each ®boratory report pormally due one week after
Taboratory exgrcise is comducted
-u C. Late reports will receive 1/2 credit .
*.d. No laboratory reports will be accepted after returntng
‘ ‘the corrected reports R
L. Laboratory exercises to be conducted b ‘ oA
11. Laboratory Orientation . ' a ¢ Yy ,
" A.. What is a sd{1? " ' |
‘ ﬁ 1. Illustrate s 'ff' |
7 7. 2. .s0il description and classification
.- o " r *
' B. Why is.soi]'testeo? : ' ST .
v . L - 90 A

Date: _11/5/73 Y.

T ——



Iv.

m m o0

Organize Laboratory Groups

Field testing: -

, Laboratory:testing
Hhat te?ta are required in practiCal problems? k
Why does this oourge have laboratory sessions? |

\
What know]edge*should be gaigpd in these laboratory sessions?

¢

." Atterberg Limits and Indices

. o /- :
. A. Laboratory handout (see attached) -

B
C
,D. Basic principles
E

.Soil to be tested
Test utilization

Laboratory procedures ij

85
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\““\XALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA .
. CIVIL ENGINEERING DEPARTMENT °
- ‘ | TC 41 ' L

Lab No. 1 - Atterberg Limits and Indices

Purpose and Scope: The\ purpose of.this labaratory is to examine the -
“Atterberg Limits" of 'sol]l and the techniques by which these characteristits
can be determined. v . '
. There are three Atterberg Limits for a given soil: 1) Liquid Limit,
2) Plastic Limit, and '3) Shrinkage Limit. A1l three limits are rather
arbitrary values derived from purely empirital testing procedures developed
by ItteFEerg. In spite of this, the limits have found considerable
acceptance and are quite useful in several soil engineering problems.
From the determination of the 1iquid and plastic 1imit, another character-
istic o™a particular soil can be evaluated, the Plasticity Index. - The
Ptasticity \I)@ex is defined mathematically as: . -

PI.= LL ->PL

_ where PI = Plasticity Index
' = Liquid Limit : -
L = Plastic Limit = L

A soil exhibiting a high PIvas a large affinity for water (e.g., clay -
minerals). If the existing water content of the soil.is known, its -
;;Liquidity Index (Lang;Q Water Plasticity Ratio, B) is given by:

w ~ PL
L= 31—
where LI = Liquidity Index
“:

existing water content - L e
N .

r! - - * .

It is evident that ap insitu sofl having a low LI will behave as a soil
with a water.content on the low end of the range. This generally means
that the soil will be stronfier and less compressible. Two other indices
of less practical significance thaf result from the Atterberg Limits and '
Indices Test are the Flow Index and the Toughness Index of the soil.

e~ . ) ,
To reiterate, the results of the Atte#gerg Limits and Indices Test are

only empirical and the procedures,.I am sure, will $eem arbitrary. Never-
theless, they are used today in lieu oﬁ\mprgrazﬁgrate. straight forward,

be developed in tye future.

and economical tests which

The primary use of the Atterherg Limits and Indites lies in the classifi-
cation of soil> In particulak, the Limits and Indices are used to classify
fine grained soils such as silts, clays, and organic soils. The most
popular classification system i use today is the Unified Soil Classification
System. “In this system, fine-gnained so}ls are classified based on the ™ .

* s




A-1ine plotted on a Plasticity Index (PI) versus Liquid Limit (LL) graph
developed by Cassagrande. Basically, Cassagrande found that this was a
convenient, consistend way of making these desired classifications. Many
other uses have been found for the Atterberg Limits and Indices as applied
to soil engineering design. , It has been found that the compréssibility

of fine-grained, saturated soil deposits can be related to the LL of the

.deposit. "Off-the-road" trafficability in wet, fine-grained soils has
been related to the deposit's Atterberg Limits and Indices. 'Finally,
knowledge of the liquid 1imit, plastic 1imit, plasticity index, and
Tiquidity index can provide cdnsiderable assistance to an experienced
engineer in developing "a feel" for the possible behavior of a fine-

. grafned soi1 8eposit. For example, a soil with a liquidity index above
100 suggests the soil may be highly “sensitive.” This means that if the
soil is disturbed, it will suffer a loss in strength. Some clays such as
Leda clay of Canada, Mexico c1(y clay, etc., may lose as much as 75% of
their strength on disturbance. : BN

The soil sample to be analyzed will,be:Specified later. It will be
sieved on the No. 40 sieve before supplying it to you. The Shrinkage
Limit test will not be performed. .

B. Rsport Format - [Place report in a Cal Poly manila ¥older and complete
: cover entries.] (Minus 5 points if improperly done) .

+

Ne. Points . .
DS {
(5)> o 1. Object: State in your own wordssthe purpose df conducting,

. ~ this laboratory. Be specific about the methods
- used and the soil tested. - :

(5) 2. Procedure: |Specify the procedure followed in con%gcting
"~ the laboratory test. Reference to your text
or other standard procedures is permissible.

A A Your reference must be complete and should state
: which of the optional procedures were followed
—~ | ~ if more than one procedure is included in the

publication.referenced. Also, state any dévi-,
ations you made from the referenced procedire._
Use standard referencing procedures.

Y (40), . 3. Data and Results: Place in the format shown or page 28
of 70ur text. . 7

(8) 7 & S;;ple Calculations: Perform and-bresent a sample of
each type of calculation performed.

s

v (40) 5. Discussion and Questions: Respond to thé following -

a. Classify your soil sample according to the Unified
Soil Classificatiop System. You may assume that more
, than half of the material is finer than the No. 20Q
N sieve size. (Attach enpugh infarmation to clearly
’ indicate your steps.) 03 . -
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e, . € '

\‘ .
Te L

No. Points o -~
<: 5. (Continued) | |

b. Compare the values for the Limits and'Indices
determined by you to those reported by others.
Reference yeur sources.

, ' + €. Could the Atterberg Limfts and Indices be used
o to differentiate between a deposit of silt
(containing no true clay minerals) and:a deposit
, of clay minerals? How would you make this
differentiation?

~ d. Could the Atterberg Limits and Indices be used
. to differentiate between a deposit composed of
' the clay mineral-bentonite and a deposit composed
of the clay mineral kaolinite? How would you
make this differentiation? . x{,

. e. From your experience in this laboratory, what .
[ effect does an increase in water content have
on the behavior and characteristics of the soil
sample tested? . )

\

-

' ‘f. What are-the primary sources of error in this
: laboratory? Which of .these errors did you .
- commit and what effect might they have on the ) \
Limits and Indices determined from your tests? :

(5) [ 6. Original Data Sheet | L ‘ o

. .
" . - -
+
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA
. CIVIL'ENGINﬁERING DEPARTMENT

'Course: ETC 411 Outline of Weekly LaboratorxiNotes Prepared by:
. e o J. B. Thompson -
Week No: -2 .~ . . \»v-
: s . " Date: - 1(5[2

Laboratory Topic: Grain Size Analysis

Assignment: Reading -~ 29-42 o ‘ ot
- Report Due - Laboratory Report #2

Presentation

f. Grain Size Analysis Jéi\

'A. Laboratory handout (see attached)
Soil to be tested
Tes;-Joilization

m o o o

Basit principles =~ | J{ ~ )

. Laboratory procedures



CALIFORNIA SMATE POCYTECHNIC UNIVERSITY, POMONA - —
- CIVIL ENGINEERING DEPARTMENT . ‘ |
ETC 411

.
.
¢t R

Ty : Lab No. 2 - Grain Size Analysis
Purpose 4nd Scope: The. purpose of this laboratory is to examine the .
"Grain Size Distribution” of soil and the techniques bggwhich this , e
characteristic can be determined. - S / ——

*The grain size distribation of a soil can be simply defined as the distri-
bution by weight of the "particle sizes" found in that soil. The definition ‘ *
of "particle size" is somewhat arbitrary as most soil particles are irregula
{n shape. This definition is usually related to the test being used to
determiné”the graih size distribution. In making a grairt'size analysis *
using sieves, the ‘particle size" can be thought ¢f as being the minimum
combination of particle crossectional dimensions- that will allow ‘passage of
the particle through the square holes in the sieve. In making a grain
size analysis using an Hydrometer, the "particle size" can be thought of
' as .being the diameter of an equivalen?ispherica] particle having the same .
particle density and the same free-fall velocity as the‘true soil_particle.

. The results of a grain size analysis are usually presented in a plot of %
finer by weight vs. logyy(particle diameter in mm) as shown pn page 42 of

- your laboratory text. ' :

L 7 . .

The.primary reason for performing a grain size analysis.on a soil is to

~ énable its classification. Many classification systems are used due

. primarily to the fact that each system has been developed for application
to particular soil engineering problems (e.g., BPR classification -
system). If thé particular classification system you intend to use is
based only on grain size distribution (e.g., MIT classification system), ' '
then a classification can be made after completing this grain size analysis. '
However, the classification system most commonly used by consulting.
soil engineers and others, the Unified Soil Classification System, requires
additional tests to be conducted on the fine grained soils before-class-

Afication can be made. These tests are the-Attérberg Limits and Indices m\
Tests performed last week. It shouid also be' noted that there are a few design '
techniques in 5011 engineering using the results of a grain size analysis - ,

‘directly. Four examples are:. 1) the determination of the permeability
of soil to be used in seepage problems [& ~ CDio2 ]} 2) the design of hel
filters to prevent erosion of soil by moving water;. 3) the determination <
of the height to which water will rise in soil by capillary action; and b '
4) the determination of the frost susceptability of soil deposits. e e T

The soil sample to be analyzed will Be specified at a later date. A S
combined alternate analysis will be‘performed.

. AY
. .
. ) ‘ : 4
+ : *

& ' ";'I"
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4

B. Report Format - [Place report ip a Cal Poly manila folder and complete

A cover entries.] (Minus 5 points if improperly done.)

'
~

No.' Points L '\‘},

v ' .
+ (5) 1. Object: S§tate in your own words the purpose of conducting
' .this laboratory. Be specific about the methods ~ -

iy L - used and_the soil -tested. ‘
' (5) 2. Prdcgdu?e: Specify the procedure followed in conducting
W "~ . the laboratory test. . Reference to your text .-

or other standard.procedures is permissible.
_ Use standard referencing procedures. Your ref-
- erence-must be complete ‘and should state
-~ which of the optional procedures were followed. -
- if more than one procedure is included in the \\}
. publication referenced. Also, state any deviations
X ~ ‘ you made from the referenced proceéﬂre.
(40) 3. Data and Results: 'Place in the format shown on pages
: _ .40, 41, and 4Z of "your text. . ‘
o "Note: A computer program is available for data reduction. - N
‘ . If you desire to use it, please ask the instructor.

(5) 4. -Sampte Calculations: Perform and present a sample of |
- each type of calculation perforied.

(40) . 5. -Discussion arid Questions: Respond to the following'—

‘a. Classify your 30il according to the MIT Classification
. System. . .

.- b. What is the average grain size of your soil? .
P . " ¢. wWhat is the effective diameter of your soil? })
- d.: What is tﬁe coefficient of Jniformity of your soil? P

' N - @. (lassify your soil according to the Unified-Soil
" e . ‘ . Classification System.- Be as explicit as you can
. Lo with the informdtton available. ] I
f. What are the primary sources of error in this
' laboratory? Which of these errors did you commit. -\
" and what effect might they have on the distribution
- ' curve resulting from your analysis? '

'g. The Hydrometer analysis has a lower boundary n particle
size below which the test is inaccurate.’ What is it? -
"Why -is "'this so? . .

L (5) 6. Original Data Sheet. .
" . ., . 2 ﬁ .

. é‘r,\ . L 3 - s . ‘0
' &t N e t . "
. ‘ - - 3 .
L . . - ~ .
- * *
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. Caurse: ETC 411 Qutline of Weekly Laboratory Notes

~ Week:No: __3

M‘~ Laboratory Topic: Rermeability.Tegg
" Assignment: Read{ég_é 52-62 . '
| ' ' | Report Due - Laboratory Reb;rt #3 .
Presengatidn ‘ .

Permqabilfty Test *°

A. Latoratory handout (see attached) . | ot
B. Soil to be tested '

A _
C. Test-utilizatfon ST

Basic principles
: .

Laboratory' procedures

t .p
-

m o

Prepared by:
J. B. Thompson

Date: 11/5/73
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CALIFORNIA STATE, POLYTECHNIC UNIVERSITY, POMONA Rt
CIVIL ENGINEERING-DEPARTMENT .

~ .

. - o ETC AN S

Lab No. 3 - Permeability Test

Purpose and Scope: Thé purposg of tﬁjs laboratory i ' examine‘the o
"permeability" of soil and the techniques by which this characteristic :
can be determined. = . - ' e
The permeability of soil is usually taken to mean ‘the conductivity of the
soil to the flow of pure water through it. THe term could also be taken to * -
mean the conductivity of the soil to the flow of other fluids sudk as air, ’
meghane,’ salt water, and oil through it. ,For each pf these different fluids,
the value of the soil "permeability" would be different. :
Mathematically, the permeability of soil is defined in Darcy's Law:
v=ki or Q=kiA - | o,
L where: v = velocity of flow through soil (cm/sec.) o A
Q = volumetric flow, rate through soil (cm®/sec.) -
k = soil permeabilityJ(cm/sec.? T
i = Ah/bR / o
~ Ah = head loss in AL (same units as A% ) ‘
. AL = diffefrential length (same units as Ah) .
- A = cross sectional area normal to -direction of flow (em?)  °

These equations state that a driving force, the hydraulic, gradient (i)}, causes
fluid to flow through the soil at some rate (v.or Q) in proportion to the soil
permeability (k). In other words the same driving force will produyce .
different flow rates in different soils and the flow rate produced will depend
on the permeability of the soil. . ; ,

The permeability of a given soil will depend on many factors including the- ) '
nature of the fluid flowing through t, the size of the soil grains, the void
ratio of thé soil, the degree of saturation, ete. The influence of these .
factors is.discussed in detail in your laboratory text. I do wish to point out
though that soil permeajj1ity is highly variable. For example, the permeability
of gravel can approach 1 cm/sec. , whereas the permeability of clay can be as Tow
as 10~% cm/sec. Generally the permeability of gravel > sand > silt > clay > rock.

»

. ) - .

Sofl permeability finds many uses in practical soils engineeridg% In the field —
of s0i1 mechanics and foundation engineering, the permeability the soil is
directly or indirectly involved in almost all designs if water is present = =~
near the surface of the natural deposit. Obvious appli¢ations involve the design ¢

of earth and rock fi11 dams, the stability of slopes, design of retaining walls,

* etc. Soil permeability is also used in the fjelds of highway design (drainage
_problems), and,water supply (well problems). ' -

N
The soil sample to-be analyzed is a graded Ottawa sand with the ASTM Designation
C-109. This sand was obtained from Ottawa, I1linois and it has been processed
The sand has rounded partjcles. Constant head and falling head permeability
tests will be performed. e : '

| @ « 99
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Report Format - [Place report in a Cal Poly manila folder and complefe cover
entries.g (Minus 5 points if improperly done).

No. Points

f ] . . s .
5 1. Object: State in your own words the purpose of conducting this.
: laboratory.. Be specific about the methods used and the
soil tested. Sl .

5 2.. Procedure: Specify the procedure followed in conducting ‘the
' Taboratory test. - Reference to your text or other
standard procedures is permissible. Use standard
referencing prbcedures. Your reference must be
complete and should state which of the optional -,
) _ \procedures were followed if morg than one procedure
- ), gis,included in the publication referenced.. Also,
" state ‘any. deviations you made from the referenced
\~'procedure. v ’ :

40 3. Data and Résu]ts: Place in format shbwn.on data sheets'prbvidéa.

5 4, Sample Calculations: Perform and'preéént a sample of each
type of calculation performed.

40 5. Discussion and Questiohs: Respond to the following -

a. Compare your measured permeabilfties to values neported‘
- by others. Properly reference the other values you are
R “using foP comparison> ' .

" b. What functional réflationship between permeability and
void ratio best describes the soil you tested?

c. What are.the priméﬁ} sources bf error in this laboratory? »
Which of these errors did you commit and what effect
might they have on the permeability values determihed?”

- d. Could the set up and test procedures used be applied?to
*  the determination of the permeability of clay? What
difficulties might be encountered? -

e: What effect would doubling the head loss have had on the
" volumetric rate of flows ?Q‘s) measured in your experi-
7/ ments? On the flow velocities, v's?

f. . What effect would a. change, in ambient temperature to,
30°C have had on the volumetric rate of flows, (Q's)
measured in your experiments? On the flow velocities,
v's? ,

. g. What effect would doubling the permeater diameter have

{ had on the volumetric rate of flows (Q's) measured in

your experiments? On the flow velotities, v:s?

"5 6. Original Data Sheets

ERRIC i
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*Course: ETC 411 - Outline of Weekly Laboratory Notes . Prepared by:
B ] - * J. B. Thompson
Week No.. _ 4 _ . : . - '
o RO . _ L " Date: 11/5/73
Laboratory T'op'ic: Compaction Test ' - o
Assignment: Readifg - QB~5] . : . ' L
f : 4 .
’ . Report Due - Laboratowy Report #4 - ‘ <
& . R R ( . N
Presentation 7o - . ¢
- s . o | C po n
- L. Compaction Test — - - { P |
A. Laboratory handout (see attached)
B._ Soil to be tested ‘
’ ! N \
C.” Test utilizatien
D. Basic principles . - ’ . h
" E. _Labonafbry procedures
¢
! N ¢ - .
7 ‘ ( ? » 0~ ~
. "~
e
-~ T,
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- CALIFORNIA STATE POLYTECHNIC UNIVERSITY POMONA
CIVIL ENGINEERING DEPARTMENT

. ETC ‘am o

Lab No. 4 - Compaciion Test'.

Purpose and Scope: The purpoeeiof this laboratory is to examine the response
of soil to a “compactive effort”. and the techniq es by which tgis response can
be deferm\ced. :

The compaction of a soil is defined as the den51f1catgon of the_$0il by *
decreasing the volume of air within that soil. On the other hand, donsali-
. dation of a soil is defined as the densification of the soil by decreasingf

the volume of water withim that soil. Compaction of soil, therefore, does
not‘change the volume of water within the soil.

Compaction of soil usually résults in an incresse in soil stiffness and strength. .
This increase-in soil stiffness -and strength is of course due’ to the densification
" of the soil. It is known that for a given compaction energy per unit volume

of soil that the amount of soil densification will depend primarily on the water
content at which the soil is compacted. Because of this, the standard technique
used for presenting the results of a compaction test is a plot of the dry unit
weight of the soil (y,) versus compaction water content at a given compaction
energy per unit voiums The dry unit weight of course iqgicates the den51ty “of
the soil solids matrix., .

The primary use of the compaction test lies in the const;Lttioniof engineered fills.

These fills are frequently placed in-the construction gof developments, highways,
bu11d1ngs, dams, and in construction on any site at whtch the natural soil deposit

" is-too compressible or weak to support the design loads and this method of soil

1mprovement is chosen as the so]ution to the problem. - Specifically. the compaction

“test is performed to provide: 1) a basis for the control of the construction of

éngineered fills, and 2) laboratory specimens of the fill to be

constructed on which other laboratory testing can. be performed. Frequently, the

critical specification & contractor must meet in the construction of an engineered

fill is that his’ fill must have.a specified dry unit weight at a specified moistire

content. The spec1f1ed dry unit weight and the correspondong water content are

determined from the laboratory compaction test usfng the same compaction energy per

unit volume as the contractor is Vikely to use, and additional laboratory tests’

run on this compacted soil. These additional tests might include: ,1) Specific

Gravity Test, 2) Grain Size Anaiy51s, 3) Atterberg Limits and Indices Test,

- 4) Permeability Test, 5) Direct Shear Té&3t, 6) Triaxial'Compreésion Test,

7) CBR Test, 8) Stabilometér Test (R value) and/or ‘9) Swell Iest.d

The soil to be tested in this ‘laboratory will be the same one that was tested in
the "Grain Size Analysis" laboratory. "A Standard Proctor test will be performed.
Other standard compaction tests will be demonstrated. ' 4

r



Report Format - [Place report in a Cal Poly manila folder and complete.cover

*" entries.]

No. Points

~

(Mxnus "5 points 1f improperly -done.)

.

\

) {
\.

‘ . . -
Object: State in your own words - the purpose of .
.. conducting this laboratory. Be specific about _
the methodS used and the soil tested. . S

2N-~Procedure Specify the procedure fo1lowed in

3.

4.

—

5.

L ]

6.

~

N

conducting the laboratory. test. Reference
to your text or other standard procedures is
‘ permissible. Use, standard referencing pro-
' cedures. Yoyr references must be complete -
and should state which of the optional procedures *
ere Followed if more than one prochure is
1nc}dﬁed in the publication referenced. Also,
. state any deviatiens you made from the referenced L -
procedure. . '

&

-

Data and Results Place in the format shown on -pages 50

_a. What are the opt1mum water content and max¥um dry density v

and 51 of your text.

-

. ‘\ T
Sample Cdlculations: Perf and present a sample of . . —
each type of 593§%§2t10n performed ‘ A

Discussjon end QueStions: Respond to the fo]]owing -

from your test? - , ) \\ py
b. What are the prlman}\sources of error in this laboratory.’
\  Which of these errors did you commit and what effect (

‘might they have on the dry density versus-water centent , /

t resulting from your tests? " :

_ Qualitatively, what effect would the use of a heavier -
hamme! have on the location of the dry density versus
water content p]ot? A lighter hammer? - Y

Qualitatively, what effect would the use of thinner
1ift heights have on the location of the dry density
versus water content plot?: Thicker Tift he1ghts7 \ (

e. Qualitatively, what effect would the use of fewer blows/

‘“Aift have on the location &f the dry density versus water
- content plot? More blows/1ift?

. .

f.- Qualitatively, what shape might you expect for a dry ,
density versus water content plot resulting from a
compaction test rup on clean grave]

what is the most eff1c1ent way of compactan clay, sand?
[Choose betfweert static and v1bratory methods].

Orlglnal Data Sheet I ' '
‘ - Y3 - /



~, ' CALIFORN}A STATE POLYTECHNIC UNIVERSITY, POMONA '
. , . . . . 'y
CTWIL ENGINEERING DEPARTMENT !/
[ ‘ LI .
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“,-% - ' Laboratory Tapicf Field Density Tests

Assignment: Reading - Handout

Report Due - Laboratory Repost #5 -

. . - :
Presentation S
‘ I.. Field Density Tests : . I o
, A Laboratory handout {see attached) ; “‘
) ‘ " B.” Soil deposit to be tested ' : . '

C. Utilizatién_of tests -

D. Basic‘principlgs'

¢
) E. Field procedures = * ° 4 J
. ‘ - ’. Py . . (
¥ !
/ X >
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¢ CALIFORNIA STATE PO[}TECHNIC UNIVERSITY, POMQNA

» . ~ CIVIL ENGINEERING DEPARTMENT . ,
ETCY 411 | |

I

Lab No. 5 - Fielo Density Tests

-

A. Purpose and Scope: The purpose of, thls‘1aboratory is qb«examlne the
techn1ques by which the field densxty of surf1c1a1 soil deposits such
as engineered fills may be determined.’ .. '
The flield density of engineered fills must*be determined in order to
decide. if the fill is belng compacted according to the specifications.} .
The desired f1efd density is determined by perfomming laboratory compaction
- tests on-the soil to be used as the fill. A typical-laboratory compaction
*  test, the Standard Proctor Compaction Test, was performed by you last week.
From such a test, an optimum water content and a correspond1ng maximum dry
.dens1ty can be obtained. The desired field density is usua]]y expressed
as some percent of this maximum dry density.

To decide if this desired field density is being obtalned during the ’
construction of the fill, field density tests are conducted. Several
such tests are: (1) Sand Cone Method, (2)° Rubber Balloon Method,
" (3) Block Samples, and (4) - Nuclear Density Mﬁosture Me ter .Method. 'The

first three methods generally involve: (1) rehoving a volume of sail

"~ of known weight from the fill in the field, (2) ' determining the water *
content of the soil removed, (3) measuring the volume of the soil removed ~
(it is in this step that the differences in the three testing technigques
occur), (4) comput1ng the field dry density (fd = H/V) 'Hmelast test

.technique mentioned above the Nuclear Density Moisture Meter Method, is based on
a different r1nc1p5e whlch has to do with thé back scattering of nuclear particles
transmitted y the device.
Field depsity tests will be performed in this laboratory using the Sand
Cone od, the Rubbgr Balloon Method -and the Nuclear M01sture Density
Meter Method. )
L 4
'B. Report format - [Place report in a Cal Poly manila fdlder and complete
cover entries.] (Minus 5 points if 1mproperly done) .
. ___—N‘O. P_o_]_p_té . s' ’_ B
(5) 1. Object: State in your own words the purpose of conductlng
this laboratory ‘Be specific about the methods ¢
used Yand the so1] deposit tested.

(5) - 2. 'Procedure: Spetify the procedure followed in conducting

the laboratory test. Reference to your text or

) .other standard procedures is permissiblé. Your

) . - reference must be~domplete and should state which

of the optional procedures were followed if mor

than one procedure jis included in the publicatibn
referenced.. Also, state any deviations you made from

N

1.5
N | R

[} : -
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5.

the referenced procedure. Use standard refer~
encing. procedures.

S~
N

... Data and Results: Place in the format shown on

. the data sheets provided. .

Samp]e Calculations: Perform and present a’sample
of each type of,calculation<§grformedu

-

Discussion and Questions: Respond to the followirg -

a.”, What are the primary sources of error‘in this
laboratory? Which of these errors did you commit,
and what effect_might they have on your-results?

/

b. Compare the results obtaineds by the three d1fferent )

- methods tsed. . . .
3

‘ac. Compare the accuracy of the thkree different

methods used. .

d. If the required ;;;¥mum dry density of the fill
tested was 100 pcf, was the fill specxf1cat1on met
durlng construction?

Qr1glna1 Data Sheets

1‘()6 T "
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CALTFORNIA STATE POLYTECHNIC UNIVERSITY, POﬂONA

a CIVIL ENGINEERING DEPARTMENT -

A ) .
Course: * ETC 411 Qutline of Weekly Laboratory Notes Prepared by:
P s - .*F=l | _ J. B. Thompson.
Week No: 6 . ' .
— ¢ . o Date: 11/5/73
Laboratory Topic{ Field Investigation .
. Assigament: Reading - Handout
) . ’ -
T Report Due - Laboratory Report #6
Presentation _
- . A
I. Field Investigation: ~
A. Laboratory handout (see attached) . )
B. Site of iﬁvestiéation ' Y
C. Purposes of ﬁ'e}c* investigations
K : ]
© D. Basic techniques for performing field investigations .
E. 4aboratory procedure o .
N
' vy
" , |
[} - N
. 7 ’»"‘-pf\-*
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“CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA

s

CIVIL ENGINEERING DEPARTMENT ; . .
! ETC 411 : e
’ o Lab No. 6 - Field Investigation . | *[ &
“’A.,iPufpoﬁe and §copé: The pprbose of this laboratory;is to gain experience .

.* with the techniques and procedures used in conducting a field investigation
‘. of a deposit of soil. In addition, soil specimens will be obtained for

o testing in later laboratory sessions.

- o ! ‘

A variety of information i3“usually dbtained in a general field investigation
. .ranging from observations qn the overall topogcaphic conditions at the site
“¢o securing specific samples of the soil existing at the site. General
" descriptions of the site are a useful tool.iin interprating the results ,
.. of ‘Taboratory tests.conducted on the soil samples-and jn anticipating -
possible problems which may exist at the site and are indicated by their ‘

surface features (e.g., sink holes, weep holes, high wafer marks, etc.). -

- The primary function of most field investigations, however, is to obtain

1}

‘samplgs of the ‘soil at the site to be tested in the laboratory. These -
+ labgratory. -tests are conducted to classify the soil and to obtain the

* necessary design values. Soil deposits are also testeéd in situ (e.g.,
stamdard penetration test, plate load test, permeability. test, etc. when
the conditions of -the deposit or the nature of the job require such tests.

‘One boring will be made in this class. Both split spoon and Shelby tube . .
(thin wall) soil samples will be taken. The elevation of the water table

" will also be recorded.

Y

No. Points

(5)

(30)

- .
.U .

B. Réport Format - [Place report in a Cal Poly manila folder and complete

cover entries.]' (Minus 5 points if improperly done.).
» ' | :

-

1. Boring Location E Show-the locatioh of the boring on
the maps supplied. : , ; L

. 2. Boring Log - Cqmp%le a boring log for the boring

performed. Include: -

a.. A-heading-(include'the technique uSed to make
the boring and the location of the boring) ,

7 :
b. Ground surface elevation at the boring
c. Depth to the boundaries between the soil layers

d. Field classification of each soil layer ",.;, ¢

v

. 1.8
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[ ] - . . “a S . . ¢ H *
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. P M - -
B Y Y Depth at which soil samples vere taken and
e - "method used
IS ‘, R f ", Standard penetrat10n test results
L e e (elevat1on taken and valhes) :' _
b o g:"Depth at whtich noist $oil was first »
" P encountered
h. Depth to the ground water table o

.t i. Depth and elevation at'the Bottom of the
‘ boring

w0 (0) 3. §1ate any general observations concerning the area .
in which the boring was made which might be of 1mportance
to a civil project. ) .
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.. . . CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA

N L - CIVIL ENGINGERING DEPARTMENT
' N - '_L ' w\' . . -
Caurse: ETC 41T [ Qutlire of Weekly Laboratory Notes

Week No: _7

i

s Y . )
‘ ‘ Laboratory Topic: ‘Consolidation‘Test,
< Assignment: Reading = 7487 3 (
| ) N . Report Due - Labératofy Report #7 L
. A- e, L. .:' | | B
- Presentation :
_r;. Consolidation Test L . S ‘

* A. Laboratory handout (see attached)

_B. Soil to be tested ’ - .
C. Test utilization
D. Basic pringiples ' . i
E. Laboratory procedures )
-
§
{

s

Prepared bg}} o
J. B. -Thompsen -

" Date: 11/5/73

-

*
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*i - . CIVIL ENGINEERING DEPARTMENT
. .‘ . ot Lo '
., . Tl ‘ ETC 411 o ‘
- - .“. ‘ . - - : . . ‘ A
" Lab'No. 7 - onsolidation Test ~ o
: e ) ) . . v ' L B . .
A. Purpose and Scope: Thé purpose of this laboratory is to examine =~ ' -
"soil consotidation" and-.the techniques by which this rgsponse, -+ - "¢
of wet soil to loading may be determined. . S T

S0i1 consolidation is a response of soil-to loading and nefsvehtdﬁsﬁaﬁéif‘ o
the densification ®f wet soil by the appsgéd‘fdad¢ JThis dermdifi-. . :
cation is due entire1ygﬁe-tﬂE'!!gp]sion of- pore water from, the ¥oil

. by the appliéd load. Soil- compadtion, oni the other hand, refers

to soil densificatiom due to the &xpulsion of pore air:

As a result of the expulsion of pore water, the void ratig of the

soil is decreased and the dimensioms {thickness, height, width,

etc.) are decreased. Consolidation results in a decrease:in fhe volume
of ‘the overall gg'il bedy. This expulsion of water from the’soil
voids can t onsiderable amount of time,.particularly in low per-
meability Consolidation problems, .therefore, involve galculations
pertainifg the total amount of consolidation which wil} ever
occur and to amount which-will occur in a specified time.,"

The consolidation ‘test to be penformed in this. l1aboratory is one'of. - , "\
the simpler varieties. In this test, lateral displacement of the T
soil is prevented and incremental loads.are applied vertically._. The -
displacement of the soil surface is measured as a function of time to
determine the rate at which consolidation is. occurring and the tota]

amount of consolidation‘which occur$ ultimately. Other types of -

special conso]idayon tests'in\(olving different soil boundary .condit’{-o;s
and different sequences of applied loads are also used. However, tests’

of -the type to be petformed in this laboratory are most freduently N
encountered. . . : |

(3

[

The primary practical application of the consolidation test lies

in settlemept calctlations for structures placed on wet soil. | S
The settlement of a structure is, of course, an important design

criterion. Certain_intermediate steps are required before the final
settlement calculations :can be performed but ‘it is essentially assumed

that a structure placed on wet soil settles as a resq}t of the
consolidation (densification by expulsion of pore water) of that soil.

This -assumption proves to be quite accurate.

The soil to be tested insiwis laboratory will be the soil obtained
during Lab 6 - "Field Investigation."” : .
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B. Report Format - [Place report ih a Cal Poly manila folder and complete

. . R R cove\\entrxes .J (Minus 5 points if improperly done.)
- No. Pofﬂts o ' o . ‘““‘ -
. a ﬂ 15) 1. 0bject~ tate in your: own words the purpose~ofk
L ) : .\ conducting this laboratory. Be specific’
¢ ' ‘ . qbout the m%thods used and the soil tested.
o' (5)7 ¢ 2. Procedure; Specify the'procedure foltowed in -
po, . < coriducting the laboratory.test. ‘Referende -
S . - to your text or other standard procedures
- ) is permissible. Use standard referencing
. ! B procedures. Your references must be

completé and should state which of the
- optional procedures were followed if

more than one procedure is. included in-
_ . the publication referenced. Also, state
. any deviations you made from the referenced :

{ ( procedure. ‘

- § (40) 3. - Data and.Résults ‘Place in the®format shown

e on pages 85, 86, and 87 of your text.

(5) 4. Sample Calcudafions Perfbrm_and present a
A - sample of each type of calculation
’ v performed.

4 L

{40) '. 5. .Discussion and Questions: ‘Resxd to the fo'\lowi,ng -
a. Calculate the Compresston Index, C¢, of your
soil. Lompare your value to those reported

{ o _ by others. Proper]y reference.

~ b. Compare your values for the Coefficient of
| Consolidation, cy, of your soil to those re-
+ .ported by chers Properly reference

c. -‘Determine the preconsol1Qation préssure for:
3 { your'soil. Make an estimate as to whether
. & - this soil is underconsolidated, narmally
A‘\_ : consolidated, or overconsolidated

d. What are the primary ‘sources of errar in this
- laboratory? Which of these errors did you
, commit and what effect might they have on your
‘ results? -

e. .Why is a specimen diameter to thickness ratio

. of about three to four used in the consolidation
‘< test? -

L. | - T2
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No. Points

5.

6.

Original Data Sheet

4,
. .
-

. .
Discusston and Questions: (continued)

-r

. f. What would be the relativéftimes to reach

~+ 100% consolidation for a sand specjmen and
. a-glay specimen having the.same dimensions
under. the same increment Bf load? Why?

*g. Did you perform a "fixed- ring“ or "floating-

ring" test? What are advantages and disad-
-vantages of the test type you performed?

h. Specify a' practical ‘Field problem exactly
s1mu1ated by the consol1dation test performed
in this laboratory.
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" .Coursé: ETC 411 - Outline of Weekly Laboratory Nefes * . ..  Prepared’by:’ -
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Laboratory Topic: Direct Shear Test s E

™Mssignment: Read1qg - 88~97, 138-146 ' .

Report Due - Laboratory ‘Report #8 ' - C
./ 1 t .

Preéegtation | 4 ‘ < Y
I. Dirkct Shear Test ‘ E S . -
A. Laboratory h;;dzut (see attached) .
. B. 5011 to be tesged L e ¢
C. Test ut111zat1on d
D. Basic principles

E. Labordtory procedures g | LN

o4




CALIFORNIA STATE POLYTECHNIC UNIVERS&TY,_POMONA )

~ .7 * CIVIL ENGINEERING DEPARTMENT _
. | « - ETC 41 ' ¥
- - " LagNo. § - Direct Sheam'Test” s . - ~ . -

4

Purpose and Scope: .The purpose of this laboratory is to 1nvest1gate the
strength and stres§s-strain characteristics of soil -and the D1rect
Shéar Test technique by thich these, characteristics may be determ1ned

‘ Th1s labdratory will be l1m1ted to testing cohes1on1ess 5011

The strength of soil has been found to be a function .of the soil ~%
cohesion, c, the soil angle of internal friction, ¢, “ang the magni tyde @
of the normal stress acting on the failure plane, op. athemat1ca11y. ’
spil-strength 1s defined by the Mohr=Coulomb fa1]ure cr1ter1on.

T=C+ o0, tan ¢ = shear stress on the failure plane
For cohesionless soil, the cohes1on, c, is generally taken to be equal

to zero‘which is accurate as long'as the o, tan ¢ term is significant.
The equation reduces to:

A

Ideally, o, should be taken as an effdctive stress and ¢ would then be
the effect1ve stress angle of internal Jfriction (¢). Normally, however,
such care-is not taken and ~. is taken/as a total stress and ¢ as the
total stress angle of internal frictjbn. As a result, difficulties in
duplicating field conditions d to inaccurate values of ¢ for use
~in design’ .
The stress+strajn characteristics desired for soil are the same as those
&desired for other materials. A crucial characteristic to not1ce is whether
the soil is compressed or whether the sofl- dilates during shear.  This
information is used to provide general 1nformat1on/about the expected
behav1or of the 5011 :
, ‘ . _
5011 strength and stress-strain 1nfnrmat10n is needed in any pract1cal
problem involving the" loading of soils. Some examples include foundation
design, highway subgrades, stability of natural and man-made slopes. and
others. In particular, the strength characteristics are used in failure
analyses and the stress-strain characterlst1cs are used in solving deforma-~
tion prob]ems , : Y

The graded Ottawa sand will be tested in this laboratory. . , .

. 'Report Format - [P]ace report in a Cal Poly manila folder and complete

cover entries.] {Minus 5 p01nt5 if improperly done.)

o ‘

‘f) , !\_

4
. | /\
. .
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Nqg. Points
(5} 1. Gbﬁect: .State in your own words the‘hurpose_af
] : : conducting this labgratory. Be specific
- ‘ ot - 'a%out the metheds used and the soil tested.
:1 ~(5) 2. Procedure: Specify the procedufe followed in-
SRR S ~+ .~ conducting the: laboratory test. Reference
D o <t your tBXt or other standard proceedures .
e ) . is permissible. Your references must b
- ' : . complete and should state which of the \.

S A ' . optional procedures were followed if mo
» o . than one procedure is inctuded in the
S : ’ publication referenced. Also, state any
‘deviations yow'madé from the referenced
procedure. Use standard referencing o
procedures. :

\Q .(40) .3. Data and Results: -For each test performed, place
- ) data and resalts in the format shown on
pages 96 and 97 of your text. Summarize
the results of your laboratory section by
plotting a figure similar to Figure X - II
of your-text and by listing the peak and
‘ultimate values as shown on page 95.

- L]

(5) 4. Sémp]e‘Calculatidns:.'Perform and present a sample
of each type of calculation performed. -

s © (A4) 5. Discussigh and Questions: Respond to the following -

. E ~a. Compare your values of peak friction angle, ms
~ . co and ultimate friction amgle, ¢,, to those reported
e “© - © by others. Properly reference. L

b. What,are the'primary sourcey of -erfor in this
. _ : laboratory? Which of thesg¢/errors did you commit
‘ and what effect might they have on your results.
. L . 4
c. The Ottawa sand is a Jounded sard. What changes
- in the friction anglés would result .if a more
'n angular sand were tested. _
‘d. The Ottawa sand is a poorly graded (uniform) sand.’

5 What changes.in the friction angles would result

. if a more well, graded sand were tested.

e. Your lab group conducted tests at the same applied
normal stress. What effect would a higher normal
stress have had on the values of the friction
angles_ determined? A lower normal stress?t

. ~



Points

No._

/

-

: ' ( i
U f. What effect would changes in strain rates at
which the specimens are tested have on the stress-
strain curves and friction angles measured.
v .
.- . : \
6. Original Data Sheet ' o e
. % — ' R
T :
.—a-/.
p .
) ‘ .
A - ,
£ ) ’
S
¢ \ .
L 3
I ,
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA

‘ (\\- ] . CIVIL ENGINEERING DEPARTMENT -
Course: EIQ_élj_ Outline of Weekly Laboratory Notes " Prepared by:. |
' - ' ' - L ~ N J. 8. Th n
Week No> '8 - "t e < Co N N ompso

P : ) \

R ‘ T e - Y Date: 11/5/73
; 13 ' - . ?

' - Laboratory Topic: . Unconfined Compression Test

» . \ .

. Assignment: Reading - 110-121

) . . , Béport Due - “Laboratory Report #9

“ -

~ . Presentation -. . . M
" 1. Unconfined Compression Test L e

A. Laboratory handout (see attached)

" B. Soil to be tested.
C. Test utilization :’§ *
- : 2
D. Basic principles. ,
.‘ ‘ i
E. Laboratory procedures
A ~ ¢ \
s ’ ' 4
'Y
N -
~ )
)
- 1§
oy
lig




 No. Points

. CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA
“CIVIL ENGINEERING DEPARTMENT
. ' . ETC o g

-

- Lab No. 9 - Uncanfined Compre551on Test \\ :

sy ! ~ ) “4

~ A Y

Purpese and Scope: The purpose of this laboratory. is to investigate the
strength and stress-strain characteristics of soil using the "Unconfined
Compression Test"*technique

The. Unconfined Compression Test is nonmaiiy restricted to testing
saturated fine grained materials (e.g., clay). Theoretically, it can

be shown that the results from.this one test will be the .same as those

- from a series of Unconsolidated-Undrained triaxial compression tests.

Therefore, the test may be consideréd to be an effictent methed of
evaiuating soil strength and stress-strain properties. It should be -
noted that the sample must be saturated for the above statement to - . ,
be valid. . ( .

If we are considering.a saturated sofl, it is known that the undrained
angle of internal friction of this soil will be zero [this test is an

undrained test]. As a result, the strength of the sqil~is defiged as:

T=c+ g, An =
This test is used to determine the soil cohesion. c.

Stress-strain information generated from this test are used to soive

- various soil mechanics and foundation engineering deflection proglems.

The soil to be tested in this laboratory is the soil obtained from Lab
6 - "Field Investigation.” Tests will be performed only on undisturbed

" specimens. . ‘ . : &

Report Format - f[Place report in_a Cal Poly manild foider and complete cover
entries.] (Minus 5 points 1f 1mproperry done. )

4
e
e

.““

(5) 1. Object: State in your*own words the purpose.of
© conducting this laboratory. Be specific
about the methods used and the soil tested.’

(5) ' 2. Procedure: Specify the procedure followed in
conducting the laboratory test. Reference
Y : to your text or other standard procedures
. is permissible. Ypur references must be
complete and should state which of the \
optional procedures were followed if more
_ than one procedure is included in the
' ) publication referenced. Also, state any
: ' deviations you made from the referenced
procedure. Use standard referencing
procedures. 1.9 :

< ) 3 . * . -



114

’ e .

No. Points - .
- \ ] . .
(40) 1 3. Data and Results: Place in the format shown on

. : T pages 120 and 121 op‘your text.
(5) 4, ‘Samplé’Calculat16ns Perform and present a s’mp]e
of each type of calculation performed \
(40) \ ’s. Discussion and Questions: Respond to the following -
. . St T - { .

a. _ Compute the cohesion ef your soil,

'b. Compare your value for cohesion ta those reported
\\\ - by others. ItProperly reference.
c

Draw the Mohr's Circle for the failure stresses ot
app11ed to your specimen.

e, Classify your clay according to its consistency.

e. What effect would.a higher rate of strain have
had on (the cohe51on determined for your specimen7

f.4 Derive the equatxon for the rev1sed or -
, N _ ~instantaneous specimen cross-sectional area
St used in your data reduct1on . /
g. What effect would specimen remolding likely
R have on the strength and stlffness of your
. spec1men?‘ -
(5) - 6. Original Data Sheet - T ) H
f *
{
£
4
J
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“7  CALIFORNIA STATE POLYTECHNIC UNIVERSITY; POMONA

CIVIL ENGINEERING DEPARTMEQU \\\H -
\ .

«  Course: ETC 411 Prapared by:
. - J. B. Thomp_son
Week No: 19

g - . _ Date: 11/5/73~
Laboratory Topics: Relative Density Test Earthquake '

| S1mu1ation._'f’4§7ngJ Summary o
Assignment: Reading - . Co
!ngoft Due* ;
Presentation | ’ e .
k. ‘Relativg Density Test Demonstration
A, Test utilization |
B. Basic‘prfnciples ~ ' . ] ‘ .
C. Laboratnry‘pro;ehures .
- D. Demonstration _- 'l . | ' | .
II.’ Earthquake S1mu1at10n Igst1ng Demonstratxon ‘ ' - o
| A..*Test u§111zat1on D .fl |
~B. Basic principles _ . | .
A C. Laboratory procedufés
: D. Démonstratjon g ‘
111. Summary of Lébqratory Sessions -
K L v
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” pendix ] , .
) SUMMARY OF ITEMS PURCHASED UNDER NSF GRANT GY-10474 - . -4,
¢ ) ) . . P - “ - \
. ' . ' . * *
Laboratory Exerci.se. o . IEemgs! / {Q_ﬁu_intity A __Expenditure ' _
_@rain Size An_\alysis ;1. 8" Diameder Sigves - - e
est . f 1. 1/2" sieve 1 $ 14.95 bt
- / . f No. 4 sieve . 1 '14.95
. 7 No. B sieve ] y 7 13.75
: No. 16 sieve 1T L13.75 7 :
! ' v . No. 30 sieve 1 13.75 . .-
' No. 60 sieve 1 13.75 ' ‘
No. 100 sieve 1 14.25 v o
) No. 140 sieve -1 15.80
o / No. 200 sieve 1 . 19.50 B .
: Pan 1 . 7.50 .
. Cover 1 4,70 - .
. : T \ ‘ .
N 2. Gilson Screen Trays ] ' e
: o No. 4 | 1 28.00 . ‘
No. 8 i 36.00
No. 16 1 40.00 -
< No. 36 .| 40.00 "
No. 60 . 1: 40.00 ' .
No. 100 1 40.00 . B
No. 200 1 64.00 ’
3. .Siewing Timers 2 58.00
. . $492.65 Subtotal
Consolidation g ' |
Test 1. Specimen Cutter 4 38.00
. - 38.00 Subtotal
= =

1.2 '

. 911




. (%
- . - o , §

. Laboratory Exercise - Item(s) Quantity _Expendfture -

i o ‘| Direct Shear Test 1. Motorize Direct o o
' S Shear Test 1 $ 695.00 "
2. Shear Box Coupling 1, 13.50 °
‘ ~ 3. Spare Gripper Assembly 1 " 43.50
. . | - $ 752,00 Subtotal
e o Relative Density Test 1. Relative Density Test : A . , - '
‘ S = Equipment 1 $1,277.60 __
. g x ‘-
N + - $1,277.60 Subtotal
. i - ) - . .
) - ) Permeability Test { 1. Plastic- ’ . Two $ 162.00
| ‘ 2. Wood and Bracing experi- 31.51 -
*‘ 3. Valves and Fittings mental 86.60 *
> 4. Porous Stoggs ' LSQ)-UPS - . 19.60
N . 5. Springs : designed & ''3:20
. i -6. Pressure-Vacuum fabricated o
t ©~ " Regulators ) 150.00
} 7. Pressure-Vacuum gauges 31.20 ‘
. $ 484.11 Subtota)
| ¢ .
Earthquake Simulation ¢ ’
Testing . 1. Plastic One {$ gS.OO
y : \ 2. MYetal experi- b 151.02
3. Valves and Fittings mental  §  174.65 “~
-~ 4. " Seals and Sealants set-up & - 16.65 '
. t 5. Pressure-Vacuum designed & ’
‘ : Reduiators fabricated 118.00 .
< 6. Pressure-Vacuum ‘ | :
A Gauges . . 37.70
. : ' ) ' | ' $ 553.02 'Subtotal
PP ‘ r _rm =
l(,:: \ o - ’ ‘ . ‘
e

e LLL



. ‘/

Laboratory Exercise ° “Ttem(s) Quantity Expenditure
.‘ ' ." \ -
Field Investigation. , | 1. Sample Bags 24 $ 2.00 5 :
T 2. Sample Jars 24 - 18.00 ‘ ’
3. Equipment Storage : : .
Rack ¢ O 240.00 , -
4. Blade Auger and . ™\
Accessdries 1 57.00
5. Split Spoon Sampler 2 . 103.00
6, Stationary Piston Samplen
and Accessories - 1 281.85 | v )
7. Sample Retainer ’ 2 10.30
8. Shelby Tubes 10 56.00 - :
9. Pulling Plate 1 475 - .
3 0. Strap Wrenches 2 ) 43.00 " . J/f"'
3 _ . ) - _
- «$ 826.90 Subtotal
Field Density Test 1. Sand Cone Density Test -~ {
' . Equipment and Accessories 2 ‘' 97.40- - ‘ ‘
2. Rubber Balloon Density
Test Equipmepnt and \ -
Accessories ' 2 221.00
. 3. Field- Sample Cans 12 9.60
$  328.00 Subtotal
Multipurpose - ' g / .
Lahoratory Equipment’ 1. \F1m€r 9 , . 1 14.00
. - 2. Heaby Duty Solution ° )
Balance 1 159.00
3. Tools one set 206.66
§ 379.66 Subtotal
e 4}_ i L — ]
GRAND TOTAL = $5,131,94 ‘

S X,

gLt
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If additional information and/or copies of this document are néeded, °
please contact: . .
James B;'Thompsnn - A§§ociéte Professor, Civil Engineering '
James P. Todd : - - Chairman, Engineeriné'Téchnology Department
’ Donald W. King A -~ Head of Qonstruc;ion Tethnology
Rodney D. Sutherland - Associate Dean of Engineering and
‘ Director of NSF Grant
, Melvin B. Belcher - Professor, £lectrical and Electronics Engineering -
. and Principal .Investigator for NSF Grant '
Beaumont Davison - Dean ‘of Engingering
. ‘e ) . J‘ y
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