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STUDY REFERENCES

 Foundation Engineering; Peck Hanson &
Thornburn

Introductory Soil Mechanics and Foundations;
Sowers

*NAVFAC Design Manuals DM-7.1 & 7.2
Foundation Analysis and Design; Bowles

Practical Foundation Engineering Handbook;
Brown



Soil Classification Systems

* Unified Soll Classification System
* AASHTO

Need: Particle Sizes and Atterberg Limits




Particle Sizes (Sieve Analysis)

U.S. Standard Sieve

openings in inches U.S. Standard Sieve numbers
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Atterberg Limits
Liquid, Plastic & Shrinkage Limits

Plasticity Index (PI)
Pl = Liquid Limit - Plastic Limit

(range of moisture content over which soil is plastic or malleable)



Major Divisions

Group
Symbols

Typical
Names

Classification Criteria

Well-graded gravels and

Cu = Dgo/D1o Greater than 4

o
GW gravel-sand mixtures, ) _ (Da)?
& = little or no fines 'E G = Do X Deo Between 1 and 3
a2
glgs = g8
Baw | Sd Poorly graded gravels and o
0l [OfF ~—GP gravel-sand mixtures, G 88  Not meeting both criteria for GW

vl 2883 - little or no fines e

G| TEEZ §ygds ;

R . =] 33 @  Atterberg limits plot Atterberg limits plot-

8 G ° go . Silty gravels, gravel-sand- - “an o below “A"" line or ting in hatched area

Q| B 8% |2 3 GM silt mixtures o NS plasticity index are borderline
ws| B 0‘5 %ﬁ‘g SRCIC E-g less than 4 classifications re-
= B 8. -m's quiring use of dual
LSE EREE 4 §RNES Atterberg limits plot  symbols
o Clayey gravels, gravel- 5 O0mE above A" line and
g9 GC sand-clay mixtures a plasticity index
3.8 5 greater than 7
g8 g
g Well-graded sands and a g_@ Cu = Deo/Dro Greater than 6
e 2.9 Sw gravelly sands, ] (Dw)?
9| B o §F little or no fines 2B Y C:= ————— Between 1 and 3
0w B\?g_% o8 : g8G D1 X Dso

8§l ,2%4 g 838

S| 80g™ Poorly graded sands and B 8EZX

o| EGS $ Sp gra\;ielly sands, little or & Z g ¥ Not meeting both criteria for SW

o £ no fines b=

o|Wg 3 w ©7

] B G0
= 58 = ﬁ*e&ﬁ Atterberg limits plot Atterberg limits plot-
=3 . . Q .
s°g Silty sands, sand-silt RN below ‘A" line or ting in hatched area
23 SM mixtures v e plasticity indexless  are borderline clas-
BL e g8 than 4 sifications requiring
8B £97 e e e e of dual symbols
w3 erberg limits plo
SC Clayey sands, sand-clay % 'SBQ above “A" line and
mixtures S plasticity index
greater than 7

4 2 Inorganic silts, very fine

.ﬁ i) % ML siands, rock flour, silty or 60

8 O E - clayey fine sands Flasticity chart /
251238 Tnorganic clave of Tow to |t clesireatoncr ine. | ‘

] =) medium plasticity, gravelly : .
7 | 228 co oy aniy g | Ve @ | e
[T} - p .

5 % 0 clays, lean clays g Lo hm‘fm;d 3rea are borderline e
o © ; ificati i,

&& Organic silts and organic .| ﬁ‘;‘:"gf';: a’f’;;,ﬁ‘z‘;r "9 /

0 o OL silty clays of low plasti- g ;

sl 2 IS city = Equation of

2|3 8 200 s b

L |OEg Inorganic silts, micaceous g FL= ATk {120, / @E0)

L v;é’ MH or diatomaceous fine sands Pl

R 5= or silts, elastic silts 10 7

=he ' 7=
2| 258 . . iy @
=3 Inorganic clays of high 0 s
0 g CH plasticity, fat clays 0 10 20 30 40 S50 60 70 80 90 100
Ligquid limit
Organic clays of medium 9
OH to high plasticity
Highly organic soils Peat, muck and other highly . . .

Pt organic soils Visual-manual identification

UNIFIED SOIL
CLASSIFICATION
SYSTEM

ASTM D-2487




Group Typical
Symbols Names

Classification Criteria

_ Well-graded gravels and
GW gravel-sand mixtures,
little or no fines

Cz""'

Cu = De¢o/D1o  Greater than 4
(D30)?

= m Between 1 and 3

A Poorly graded gravels and
~GP gravel-sand mixtures,

Y little or no fines

Not meeting both criteria for GW

Silty gravels, gravel-sand-
GM silt mixtures

Atterberg limits plot Atterberg limits plot-
below ‘““A"" line or ting in hatched area
plasticity index are borderline
less than 4 classifications re-

Clayey gravels, gravel-
GC sand-clay mixtures

Borderline classification
requiring use of dual symbols

GW, GP, SW, SP
GM, GC, SM, SC

quiring use of dual
Atterberg limits plot symbols

above 'A" line and

plasticity index

greater than 7

Well-graded sands and
SW gravelly sands,
little or no fines

Cu = Dgo/Dro Greater than 6

2
£, = (D30)

= — Between 1 and 3
D1o X Dso &

Poorly graded sands and
%l o gravelly sands, little or
no fines

Not meeting both criteria for SW

Silty_ sands, sand-silt
SM mixtures

Classification on basis of percentage of fines

Atterberg limits plot Atterberg limits plot-

below ‘A’ line or ting in hatched area
plasticity indexless  are borderline clas-
than 4 sifications requiring

SC Clayey sands, sand-clay

mixtures

More than 129, Pass No. 200 sieve

Less than 59, Pass No. 200 sieve
5% to 129, Pass No. 200 sieve

use of dual symbols
Atterberg limits plot

above ““A" line and

plasticity index

greater than 7

Ref: Peck Hanson &il'hornburn 2nd Ed.



Effective Size = Dio

10 percent of the sample is finer than this size
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Uniformity Coefficient (Cu) = D60/D10
Coefficient of Curvature (Cz) = (D30)4/(D10xD60)
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Well Graded - Reguirements

50% coarser than No. 200 sieve
Uniformity Coefficient (Cu) D60/D10
>4 for Gravel
> 6 for Sand
Coefficient of Curvature (Cz)
= (D30)%/(D10xD60) =1to 3

12



Is the better graded material a
gravel?

U.S. Standard Sieve

openings in inches U.S. Standard Sieve numbers
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Gravel If > 50 Percent Coarse
Fraction retained on No. 4 sieve

U.S. Standard Sieve
openings in inches U.S. Standard Sieve numbers
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U.S. Standard Sieve
openings in inches

Well Graded Sand?

U.S. Standard Sieve numbers

N
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Uniformity Coefficient (Cu)
must be > 6
= Ds0/D10

Coefficient of Curvature (Cz)
must=1to 3
= (D30)?/(D10xDeo)
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U.S. Standard Sieve
openings in inches

Well Graded Sand?

U.S. Standard Sieve numbers

N
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Uniformity Coefficient (Cu)
Deo/D10=1.6/.03 =53 >6

Coefficient of Curvature (Cz)
= (D30)?/(D10xDso)

= 0.2%/(.03x1.6)

=0.83<1to3

.". Poorly graded
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What classification?

h U.S. Standard Si .- .- . - . .
- reanslenmes Unified Classification of Coarse Soils with Fines
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What Unified Classification if
LL=45 & Pl = 25?

U.S. Standard Sieve

openings in inches U.S. Standard Sieve numbers
v o oo iy o 2487
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INDEX (PI)

PLASTICITY

Unified Classification

iy o 2487

60
7
For classification of fine-grained soils v
and fine-grained fraction of coarse-grained //
sol soils N - P Vs
Equation of A -line /
Horizontal at PI=4 to LL=25.5, .\\,‘;\/ \e\ \\i’"’
aol Them PI=0.73 (LL-20) o Q' [*%~
Equation of "U"-line r Q. ’ ]
Vertical at LL=16 to PI=7 // 0\8\
then PI=0.9(LL-8) S
30| ~ — -1
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20k < | A - uAn
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s <C) I
Ve
v dl ety OR :
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FIG. 4

Plasticity Chart

110
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AASHTO

(American Association of State Highway and
Transportation Officials)

I Classification of Soils and Soil-Aggregate Mixtures

General
classification

Granular materials
(35% or less passing No 200)

Silt-clay materials

{More than 35% passing No, 200)

Group
classification

A-1-b

A-3

A-2

A-2-4

A-2-5

A-2-6

A-2-7

A-4

A-b

A-6

A-7

A-7-5.
A-7-6

Sieve analysis,
percent passing:
No. 10
No. 40
No. 200

50 max
30 max
15 max.

50 max.
25 max.

51 min.
10 max.

35 max.

356 max.

35 max,

35 max

36 min.

36 min.

36 min.

36 min.

Characteristics of
fraction passing
No 40:
Liquid limit
Plasticity index

6 max.

N.P.

40 max

10 max.

41 min

10 max.

40 max.
11 min.

41 min

11 min.

40 max,
10 max.

41 min.

10 max.

40 max
11 min.

41 min.
11 min.

Usual types of sig-
nificant consti-
tuent materials

Stone fragments,
gravel and sand

Fine
sand

Silty or clayey gravel and sand

Silty soils

Ctayey soils

General rating as
subgrade

Excelient to good

Fair to poor

*Plasticity index of A-7-5 subgroup is equal t0 or less than L L. minus 30. Plasticity index of A-7-6 subgroup is greater than L L, minus

30,

20




What is the AASHTO Classification?

U.S. Standard Sieve numbers

01002728828 EEE  Howow
LI L | ! |
M \ . 10
N 65% Passing No. 10
N yq| 20
N, 1
{
. 20
N :
\ 40% Passing No. 40
p (
\ {
A\ A 50 §
N (
Poorly sorted 60 E
p (
/ 18% Finer No. 200
Well sorted » [
| 1/ o n
‘ \\ v
N
\ < %
R i 100
0 5 105 0.1 0.05 0.01 0.005 0.001
Grain size (mm)
_ Sand .
ine [Coarse]l Medium | Fine Silt or Clay

1) 18 % passing No. 200 sieve
2) 65% passing No. 10 sieve
3) 40% passing No. 40 sieve
4) assume LL =45 & Pl =25
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18 percent passing No. 200 sieve; 65 percent passing No. 10 sieve
40 percent passing No. 40 sieve; assume LL =45 & Pl =25

I Classification of Soils and Soil-Aggregate Mixtures

General
classification

Granular materials
(35% or less passing No 200)

R

Silt-clay materials

{More than 35% passing No, 200)

Group
classification

A-1

A-1-b

A-3

A-2

A-2-4

A-2-5

A-2-6

A-2-7

A-4

A-b

A-6

Sieve analysis,
percent passing:
No. 10
No. 40
No. 200

50 max
30 max
15 max.

50 max.
25 max.

51 min.

10 max.

35 max.

356 max.

35 max,

35 max

36 min.

36 min.

36 min.

Characteristics of
fraction passing
No 40:
Liquid limit
Plasticity index

6 max.

N.P.

40 max
10 max.

41 min

10 max.

40 max.
11 min.

41 min

11 min.

40 max,
10 max.

41 min.
10 max.

40 max
11 min.

41 min.
11 min.

Usual types of sig-
nificant consti-
tuent materials

Stone fragments,
gravel and sand

Fine
sand

Silty or clayey gravel and sand

Silty soils

Ctayey soils

General rating as
subgrade

Excelient to good

Fair

to poor

*Plasticity index of A-7-5 subgroup is equal t0 or less than L L. minus 30. Plasticity index of A-7-6 subgroup is greater than L L, minus

30,
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AASHTO Classification

I Cassification of Soils and Soil-Aggregate Mixtures

==

General
classification

@

Granular materials
(35% or less passing No 200)

Silt-clay materials
{More than 35% passing No, 200)

1) 18 % passingj i\lo. 200 sieve

2) 65% passing No. 10 sieve
3) 40% passing No. 40 sieve

4) assume LL =45 & Pl =25

Group N A-1 A2
classification A-1-a A-1-b A-3 A-2-4 A-2-5 A-2-6 A-2-7
Sieve analysis, 2
percent passing:
No. 10 50 X - - — - -
No. 40 30m 50 max. | 51 min. - — - -
No. 200 R 15 ma 25 max. | 10 max. | 3b max. | 36 max. | 35 max. | 35 max
Characteristics of
fraction passing
Ne 40:
Liquid limit - - 40 max ! 41 min 40 max. | 41 min
Plasticity index ; 6 max. N.P 10max. | 10max. { 11 min. | 11 min.
Usual types of sig-
nificant consti-
tuent materials Stone fragments, Fine Silty or clayey gravel and sand
gravel and sand sand

General rating as
subgrade

Exceltent to good

Fair to poor

*Plasticity index of A-7-5 subgroup is equal to or less than L £. minus 30. Flasticity index of A-7-6 subgroup is greater than L L, minus

30,
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AASHTO Group Index

The first term is determined by the LL

/
Gl = (F,y, —35)[0.2+0.005(LL — 40)]

+0.01(F,,, —15)(P1-10)

The second term is determined by the Pl
F200: percentage passing through the No.200 sieve

For Group A-2-6 and A-2-7 use the second term only
Gl =0.01(F,,, —15)(PI1-10)

In general, the rating for a pavement subgrade is
Inversely proportional to the group index, Gl.
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Mass-Volume (Phase Diagram)

e Unit volume of soil

| contains:
Total V ' :
o I Alr | — Air (gases)
Vi Wy Total — Water (fluid)
‘ Vw Water Ww Weight . -
Wi — Solid Particles

Vs Soil Ws
|

25



Moisture Content = o

weight of water/ weight of dry soil
» = Ww/Wd
water loss/(moist soil weight - water 10ss)
o = Ww/(Wm-Ww)
and
o =(Wm-Wd)/Wd

26



Mass - Volume Relationships
Density or Unit Weight = Y
Moist Unit Weight = Ym
Ym=Wm/Vt=Yd + o Yd
o=((m-yd)/yd

o Yd +Yd=Ym
Ym= (1+ o) Yd
Yd =Ym/(1+ o)

Vv

27



Total Volume =
2. Volume (solid + water + air)
= Vs+VVw+Va

Total Va
Volume

Alr

Va=Vt-Vs- Vw

Vi Vv
Vw

Water

I
Total

Ww Weight

Vs

Soil

Wi

Ws
|

28



Relationship Between Mass & Volume

Volume = Mass/(Specific Gravity x Unit Weight of Water)

= Ws/(SGxWw)
|

Total Va Alir

Volume I

Vi Vv Total

Vw Water Ww Weight
Wit
Vs Soil | Ws
|

29



Specific Gravity =
weight of material/ weight of same volume of
water

Soll Specific Gravity
Typical Range

2.65102.70
Specific Gravity of Water =1

30



Saturation = S expressed as percent

S = volume of water/ volume of voids x 100

| S =Vw/Vv x 100

Total Va Air
Volume I

Vi Vv . Total
V ater | \Ww weight
Vo wwin Always < 100
Vs Soil | Ws ‘

31



Porosity
n = volume of voids/ total volume

n =Vv/Vt
Volid Ratio
e = volume of voids/ volume of solids
| e = VV/VS
Total Va Air
Volume
Vi Vv Tol[al
Vw Water Ww Weight
Wh
Vs Soil V\I/s




What Is the degree of saturation for a soll
with:
SG =2.68, v, =127.2 pcf & o = 18.6 percent

| A) 88.4
Total Va Air
Volume |
Vi W Total
Vw Water | \n/,, Weight B) 100.0
Wi
Vs Soil | Ws

| C) 89.1

33



What is degree of saturation for a soil with:
SG =2.68, Ym=127.2 pcf & ® = 18.6 percent

Yd = Ym/(1+ ) = 127.2/(1.186)

| = 107.3pcf
I\é}ﬂlmev Va Air | Ww = Ym-Yd = 19.9 pCf
t v Total _ _
‘VW Water | \/,, thht Vw = Ww/62.4 = 0.319 cf
Vs Soil | Ws Vs = Yd /(SGx62.4) = 0.642 cf
' Va=Vt-Vw-Vs

=1-0.319-0.642 =0.039 cf
Vv =Vw + Va = 0.358 cf
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What is degree of saturation for a soil with:
SG =2.68, Ym=127.2 pcf & ® = 18.6 percent

Vw = 0.319 cf, Vs = 0.642 cf,

Vv = 0.358 cf
|
v | V2| A Degree of Saturation = Vw/Vv x 100
Ve W ota
| W | = 0.319/0.358 x 100 = 89.1%
Wi
Vs Soil | W

Answer Is “C”



TABLE $-2
Volume and Weight Relationships

Satutated Usnsaturated
sample sample
Properry (Wys Wes (W,. W P G.V Supplemencacy formulas relating measured and computed factors R f.
2r Wy ’
G, are are known) e
known}
volume of Ws _ - vV Ve
Vs solids 2 GYw V= (Vat Vu) V{1 - ) I+ e) e
volume of W _ SVe
, [ o S V.oV S | mwm | NAVFAC DM-7
g [y olme of . v (Ve + Vo) v - v (2 - SV, C=SWe (1 -s)wv,e
i = air or gas ere = bl M i v {1+ e) 2
£ volume of W - W, —v V. n A V. e
S v voids Ve * v GV w v 4 1—n T+ »
2 toral vol-
Vv, (1 +
_E v ume of Vg + Vo measured Vg +V, +V,, T"é_n' V(1 +¢) -"(—ee-l
g sample
. V., P~V 1 We e
1 potrosity + 7 oy T
V- w06 G
e void ratio -;%'— } v':v—_l G Z“' -1 VJ:{? I 2 = WT
o weight of W _ Wo G
s g_ w, solids measured Tew GVy, (1—n) %
o weight of eW 5
:g : . wa‘ier measured wW, Sy Ve Gﬁ
& o=
%5 total
B g |w, weight of Wy + W W (l+ w)
d sample
dry unic W, Wa Wy G¥r GV
5 "D weigh VA v VD) TS TT wG/S
L Wer unit W, + Wo. W, + W, W (G+5Se) ¥y, (I + %) Vo
£ g Yr weight Vo T Vo v v O+ e w/S + I;G
o
f —': sa“.“ath We + We We + YV, Ve We " (G + e} {1+ w} Y
& = [Vsar :il:i.:ght V. V.| TV v \TTR T e) w + 1/G
w2
E g submerged
m (buoyant) - Wa 1 G+e 1-1/G .
5 |Ysum ‘mi,y . Ysar — ¥Yw v (1+e w® el P bl Y
weight
w moismure W We -1 Se _]._
- content LA 'W,' ey (;
o
[ degree oJ | v
a9 - W, wis ==
B s satura=~ 1.00 h.d —_ .Zv_"_ 1
g% ton -v: ;v}’w e Yo &
= G . specific W, Se
gravicy VeVe =
UNTWEIGHTS FOR .
POROSITY  VOID RATIQ VOLUME OF AIR OR GAS I T _VOLUME OF SOiL, 1
r r’ ;Va" AR OR _GAS Assumsc WEIGHTLESS !
VOLUME v vcn. OF = wT DF . =
n ¢ OF VOIDS| /v H,0 )
N ~N
\ | TOTAL \ ‘\\
7,
I TOTAL } v V voLUME \\ wensm} WEIGHT \ 3 \
VOLUME OF s SAMPLE \
l ¥ SAMPLE soLIDS b, SOLIDSYN SOLIDS L NN
—-— PONENTS l__son __J
VOLUME COMPONE T SAMPLE | WEIGHT COMPONENTS
®—yw is unic weighe of warer, which equals 62 4 pef for fresh water and G4 pcf for sea water (1.00 and 1.025 36
gm/ec). (Where noted with * the actual unit weight of warer surrounding the soil is used.} In other cases
use 62.4 pef.

Values of w and s are used as decimal numbers.



Borrow Fill Adjustments

Borrow Material Properties: Ym =110 pcf & o = 10%

Placed Fill Properties: Yd = 105 pcf & o = 20%

How much borrow is needed to produce 30,000 cy of fill?

How much water must be added or removed from each cf of
fill?

Total Va Alir
Volume

Vi Vv Total

Vw Water Ww Weight
Wi

Vs Soil | Ws
|
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Borrow Fill Adjustments

Borrow Material Properties: Ym =110 pcf & o = 10%

Yd =Ym /(1+w) = 110/(1.10) =100 pcf; Ww = 110-100=10 Ibs

Placed Fill Properties: yd = 105 pcf & o = 17%

Ww = @X Yd = 0.17x 105 = 17.9 Ibs

|

Total Va Alir

Volume

Vt Vv To!cal

Vw Water Ww Weight
Wit
Vs Soil | Ws
I
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Borrow Fill Adjustments

Borrow Properties: Ym = 110 pcf, Yd =100 & o = 10%

Placed Fill Properties: yd = 105 pcf & o = 20%

Since borrow Yd =100pcf & fill yd =105pcf, 105/100 =1.05

It takes 1.05 cy of borrow to make 1.0 cy of fill
For 30,000 cy, 30,000 x 1.05 = 31,500 cy of borrow

|
Total Va Alir
Volume
Vt Vv To!cal
Vw Water Ww Weight
Wit
Vs Soil | Ws

I 39




Borrow Fill Adjustments
Borrow Material Properties: Ww =10 Ibs

Placed Fill Properties: Ww = 17.9 lbs

Water supplied from borrow in each cf of fill
=10x 1.05=10.51bs; 17.9 Ibs - 10.5 = 7.4 Ibs short/1.05 cf
7.4 Ibs/1.05 cf = 7.0 Ibs of water to be added per cf borrow

|
Total Va Alir
Volume
Vt Vv To!cal
Vw Water Ww Weight
Wh

Vs Soil | Ws
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Proctor: Moisture Density Relationships

Establishes the unigue relationship of moisture to
dry density for each specific soil at a specifiec
compaction energy

MOISTURE-DENSITY RELATIONSHIP

106.0

104.0 -
— 1020 \\
;100.0 7 N
2 980 / \
> 960 - /
S g0 |

92.0 /

90.0

88.0 L—

80 100 120 140 160 180 200 220 240 260 28.0
Moisture Content (%)
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Proctor: Moisture Density Relationships

~N

e 4” mold 25 blows
e 6” mold 56 blows
e Standard

— 5.5 Ib hammer
— dropped 12 in

— 3 layers

Standard: ASTM D-698 e Modified
AASHTO T-99 — 10 Ib hammer
Modified: ASTM D-1557 — dropped 18 in

AASHTO T-180 — 5 layers
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PROCTOR COMPACTION TEST

| |
f_\ 130 1 \_‘:ZETU Alr Voids
: =1
2125 - f
g 120 -/LJ;;‘irfied Pr‘oct;::ur . 2
s "L |
> / standard Proctor
E\ | T T
5 110

8 10 12 14 16 18
Water Content, %

Maximum Dry Density - Highest density for
that degree of compactive effort

Optimum Moisture Content - Moisture content
at which maximum dry density Is achieved for
that compactive effort 43



Proctor: Moisture Density Relationships

MOISTURE-DENSITY RELATIONSHIP What denSIty IS req u I red
for 95% Compaction?
o] N
E 100:0 I \\ =
£ oo A \ What range of moisture
§ o b would facilitate
oo || achieving 95%

88.08.0 | 10.0 | 12.0 | 14.0 | 16.0 | 18.0 | 20.0 | 22.0 | 24.0 | 26.0 | 28.0 Com paCti On?
Moisture Content (%)
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Proctor: Moisture Density Relationships

o
|53

108.0

106.0

104.0

102.0

£ 1000
2

2 980

5}
o

> 96.0

o

040 |
920 |
900 |
88.0 L—

MOISTURE-DENSITY RELATIONSHIP

— 95% N

/

8.0 100 120 140 16.0 180 200 220 240 26.0 280
Moisture Content (%)

104 x .95 = 98.8 pcf

Range of moisture Is within
the curve Ato B

(14 to 24 %)

45



Proctor: Zero Air VVoids Line

Relationship of density to

Dry Density (pcf)

108.0

106.0

104.0

102.0

100.0

98.0

96.0

040 |
920 |
900 |
8.0 L

MOISTURE-DENSITY RELATIONSHIP

8.0

10.0

120 140 16.0 18.0 200 220 240 26.0 280
Moisture Content (%)

moisture at saturation for
constant specific gravity
(SG)

~ Can’t achieve fill in zone
right of zero air voids line
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Proctor: Moisture Density Relationships

o
q I
= 100.0

2 -

108.0

106.0

104.0

102.0

2 980

5}
o

> 96.0

o

040 |
920 |
900 |
88.0 L—

MOISTURE-DENSITY RELATIONSHIP

/

8.0 100 120 140 16.0 180 200 220 240 26.0 280
Moisture Content (%)

If SG = 2.65 & moisture
content 1S 24%

What dry density achieves
100% saturation?

A) 100.0 pcf
B) 101.1 pcf

a7



Proctor: Moisture Density Relationships

MOISTURE-DENSITY RELATIONSHIP
of \
—<N\ vd=2.65x62.4/(1+24x2.65/100)
- 1020 \\X‘\\
g )4 YN vd=101.1 pcf
B N P
5 94.0 I /
92.0 I ,/
4 0 9 O I O D D Answer iIs “B”
0 100 120 14.0 Mi(?s.(t)urelzoonte:t().(i)/o)22.0 240 26.0 28.0
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Eﬁectiﬂe and Porewater Pressures

Static Head

@ﬂ




Calculate effective stress at point X

]

.

Firae

lllll

.....
llllllllllllllll

5.i= 125 pef

Saturated Unit Weight o

sat

Moist Unit Weight 3,
Dry Unit Weight 65,

Submerged (buoyant) Unit Weight

bl— = 8y - 62.4
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Calculate effective stress at point X

Total Stress at X
=5X62.4+ 7x 125= 1187psf

Pore Pressure at X

=12 x 62.4 = 749 psf
Effective Stress at X
= 1187-749= 438 psf
or (125-62.4) x 7=438 psf

o1



Ref: Peck Hanson & Thornburn

.
—\\_;

S S, o B A

] e

Downward Flow
Gradient




Downward Flow Gradient
¥ v

12 H —

g . 3 5> Total Stress at X
\ / $ Y _ . =5x624+7x125= 1187psf

| T Pore Pressure at X
Z

_ i 77 =(12-3) x 62.4 = 562 psf

bl —- Effective Stress at X

—~=1187-562 = 625 psf
(&) or 438 + 3 x 62.4 = 625psf

see previous problem
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@-—t Upward Flow Gradient

ol 1

Ref: Peck Hanson & Thornburn

HEH T

by

H; ?,w *H?.saf

o
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One Dimensional Consolidation

4

Initial compression due to
incomplefe saturation

A
| Primary
| consolidation due
to pore-water extrusion
and consequent particle
| Tearrangement

Y

Consolidation Luw%e/p
n

Compression

Secondary consolidation
due to plastic lag and

viscohydraulic lag
———

Log of time
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Primary Phase Settlement (e log p)
AH = (H xAe)/(1+e,)

P=0325 kPa

et el

ks
-
518
=
:g

B
o

1

10 1000

Pressure (kPa)

Void ratio versus pressure I

Clompressiom mdes b oitatmned
fromm e slope of the vingin
CompreEyiom curys. Fixed Ring Oedometer
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Consolidation Test

Soils Lahoratory

i
=

,_T Pre-consolidation Pressure

ra
Irap
|~

YVoid Eatio, &
A =
| &
"
-
i

C. = slope of e log p virgin curve
10 10 oo | est. C.=0.009(LL-10%) Skempton

Pressure (kPa)

1

Void ratio versus pressure

o ———— Rebound or recompression curves

Clompresshom
fromm e slope of the vingin .
COMpeEshoo ¢y,




Void Ratio (e)

e-log p

1.50

‘k\\‘\ 1.40
1.30

1.20

"K\ 1.10
1.00

0.90

0.1

0.80
1 10 100

Pressure (ksf)

Calculate Compression

Index; C,
ksf (e)
0.1 1.404
1 1.404
4 1.375
8 1.227
16 1.08
32 0.932
A) 0.21
B) 0.49
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C. Is the slope of the virgin e-log p

Void Ratio (e)

e-log p

1.50

1.40

3\

1.30

1.20

\

1.10

5

1.00

0.90

0.1 1 10

Pressure (ksf)

0.80
100

Cc = -(e;-€,)/l1og (p4/p,)
Cc=-(1.375-1.227)/log(4/8)

Cc=0.49
Answer Is “B”
ksf (e)
0.1 1.404
1 1.404
4 1.375
8 1.227
16 1.08
32 0.932
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Permeability

g N\ a
Y N
Wl
o
Q

(a)

¢ ey e i ——

t
L
|
1

Constant Head Conditions
e Q=KkiAt

e Q=k (h/L)At

e k=QL/(Ath)

e Q= flow Volume

o Kk = permeability

* | = hydraulic gradient h/L

o A =x-sectional area

e t=time

o (= flow rate Q/t

60



If Q =15cc & t =30 sec
what Is the permeability

Il k=QL/(Ath)

A) 0.01 cm/sec
B) 0.01x10-%2 cm/sec
C) 0.1 cm/sec
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Constant Head Permeability

Calculate k
Q =15cc & t =30 sec

K=QL/(Ath)
K= (15%5)/(25x30x10)

k= 0.01 cm/sec
Answer IS “A”
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Falling Head Permeability

B
o

k=QL/(Ath)

(but h varies)
k=(2.3aL/(At)) log (h1/h2)
where a = pipette area

hl = initial head

h2 = final head

Stand pipe )]
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If t=30sec; hl=30cm: h2=15cm
L=5cm; a= 0.2 cm% A=30 cm?; calculate k

Stand pipe — 3|

Porous stone

%{)11 specimen

k = 2.303 [a L /(A Dllogio (hi/h2)
where t = time to drop from h4 to h2

A) 2.3x103 cm/sec

h,

o B) 8.1x10-6 cm/sec

area,

: /@IL C) 7.7x10*4 cm/sec

v

<,

\
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Falling Head Permeability

k=(2.3aL/(At)) log (h1/h2)

Stand pipe )]

k= (2.3 (0.2) 5 /(30x30)) log (30/15)

k=7.7x10* cm/sec

Answer Is “C”

k =2.303 [a L /(A t)}logso (hi/hy)
where t = time to drop from h, to he
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*Flow lines & head drop lines must FIOW Nets

Intersect at right angles
*All areas must be square

eDraw minimum number of lines
*Results depend on ratio of Nf/Nd

=
3 flf = 6ft
i A TN

ST SR L :

Dredge line I v 2ft Bl

o

66




Q=kia=kHN;/N4wt (units = volume/time)

w= unit width of section FIOW NetS
t=time
&
| e TN
Dredge line _y 2ft Bl
OSSR e NTaT |

A i
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What flow/day? Flow Nets

assume k= 1x10~ cm/sec
=0.0283 ft/day | .
Q= kH (N;/Ng) wt e
Q= 0.0283x8x(4.4/8)x1x1 % flf: 6t

Q=10.12 cf/day

Dredge line I o 2ft
S Bt ' '

B

o



Check for “quick conditions” Flow Nets

P. =2(120)= 240 psf (total stress)
u=2(62.4) = 124.8 (static pressure)

Ap=1/8(8)(62.4)= 62.4 (flow gradient) , T = Below Wateg Iev_el
| . = 6y Use saturated unit
P’ =pc-(ut Ap) = 240-(124.8+62.4) = weight for total
p’. = 52.8 psf >0, soil is not quick _ stress
_ — o A fSIS SN SN
Dredge line w2t | Bl
V7S NI RO HT ot cl :
L
< "o
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Stress Change Influence (1H:2V)

= Q
““(L+2) (B +2)

footing

Isolated foundation
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If Q= 20 kips, Calculate the vertical stress
Increase at 7 feet below the footing bottom

= Q
Rl (Y

81

e
-

:
P74
Pl
I
.-’

4, \_,
L) A
i‘e?u._/@

Isolated foundation

51

71



If Q= 20 kips, Calculate the vertical stress
Increase at 7 feet below the footing bottom

¥ = Q e
“(L+2) (B+2)
20000
oL Ao, =
v/ (8+7)(5+7)
Ly oY Ao,=111psf
L NS
%ﬁ)x/

Isolated foundation
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WeSterg aard (layered elastic & inelastic material)

| UL
e 7 A\%l%ﬂ 0.4g ‘\QJ:%
7 N ‘ RN P
/7 /] n Y IfB=6.3"Inasquare
| I ﬂ 1} \  footing with 20 kips
| | < - .
| B v/irimm load, what is the vertical
\ \%L:‘Tff | 7711 stress increase at 7’
Jﬁ ZZVriaTn .

: B S ///,% /V 1 below the footing
R i fg" N /; bottom?
FLEENENEES A1 714

" A A

\\ —j/t i — 935

& BT o b:k
I P T

'-—ﬂ:\ﬂ\l r 118
.—_’J\h 5 o B | B ZZQIL& 48
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i o Westergaard

| Square Footings
et
b b
NN
\\\\\\ EH Q =20 kips
RIAW B =6.3
L \r:% =1
/ I ]
i Ac, =7
s
/ /l
YAy .
V1T A |8




Westergaard

2B 3B 48

-~ 7'/6.3’=1.1B

}J\ \ “1 Ao, =0.18 x 20000/6.3¢
!

1 | = 90.7 psf
/// | \f\ p

/ i
YV 1/ | | 4




= 20 kips
6.3
=/’

Ac,=7?

Boussinesq
(homogeneous elastic)
Q
B
/

76

1118

=

B

— 2
Al \
—1{ 38

5

-]

7B

8B

9

10

48

3
"\
3
| | | L% 48]
| | i
| | ]
-+ | ;
| i
| L 584
1

b. Square foundation

/r
; T
1+ - o s
gliafiel Lol . |
/4,578 et 0 TS O 3 5 .
Ny Z S U %, i
N =m. i / | .
dll.l“ ﬂ/lml \ S I W AN [ N, W — ! ..
!l]/ / Ty o r 2 - 15 | &8
- / Tl ol 5. 4t o4 L o o | W
=200 iF) 5 7 ; | :
@ l...r!.pl!l V | !
g W /// _
. ¥ \L,T 1. : E | / )

| |
- | 0.06g— | ;

a. Infinitely long foundation



Boussinesq

Square Footing

| 1 ZIB=1.1

S0 T Ac,=0.3x20000/6.32
e

\\ .I?B_'

N = 151 psf

[ 25 ]
| [=-]

i
-
- |

|

)
-ﬂ\

0. | | L b
1 = A "
i q—] _ . | L




Thanks for participating in the PE review course on
Soil Mechanics!

~ = More questions or comments?

You can email me at:
gtv@gemeng.com
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