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Rule for Professional Attitude

by Karl Terzaghi

(considered by many to be the "Father" of modern soil mechanics

1. Engineering is a noble sport which calls for good sportmanship. Occasional blundering is part of the
game. let it be your ambition to be the first one to discover and announce your blunders. If somebody else gets
ahead of you, take it with a smile and thank him for his interest. Once you begin to fell tempted to deny your
blunders in the face of reasonable evidence you have ceased to be a good sport. You are already a crank or a
grouch.

2. The worst habit you can possibly acquire is to become uncritical towards your own concepts and at the
same time skeptical towards those of others. Once you arrive at that state you are in the grip of senility,
regardless of your age.

3. When you commit one of your ideas to print, emphasize every controversial apsect of your thesis which
you can perceive. Thus you win the respect of your readers and are kept aware of the possibilities for further
improv‘ement. A departure from this rule is the safest way to wreck your reputation and to paralyze your
mental activities.

4. Very few people are either so dumb or so dishonest that you could not learn anything from them.
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' 5.a cluster of soil granules not larger than a small crumb. 6.any of various loose, particulate materials, as sand, gravel, or pebbles, added to a
cementing agent to make concrete, plaster, etc.aggregate. (n.d.). Dictionary.com Unabridged (v 1.1). Retrieved November 04, 2007, from
Dictionary.com website: http://dictionary.reference.convbrowse/aggregate
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w2 deusaenisisiiallfudramIesduinaud 3600 souseui uazlivinavesmsFumiiy 0.025
v b d I3
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Vamay = v
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$0e197 3.1 AuFIBNAIR101113] water content = 27% uazlimiaoimiingan 1.97 vm2 938 10BN
9
migim ﬂ'ﬂuﬁ'd, b) void ratio, ¢} specific gravity

Auyd I udilfums 1 m3

Volume Weight
— T
’:T- Water W, =0.27W,
1m®
[y Solid Wlx
RV
W, =027W;
W,
Y =0.27
W,
W, +W,
yo =2 =197
1m
W, +027W, =1.97
W, =1.55¢m’
a) Dry density

W, .

ya=tw I3 g 55w g
Vo Im
b) Void ratio
W, . .
vy =2 020 g som?
Vw 1m
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V, =V-V, =10-042=0.58m"

“5 042 494
vV, 0.58

s
¢) Specific gravity

W,
V,=—3t_=058
G.s'yw

1.55

m e =267
" (0.58)1.0)

R

R

N ¥
fe819f 3.2 AUF186198 Water content 14.7% uazfivuia 0. 1mx0. Imx0. Im F1imdn 18.4 N aefmanm

Unit weight, b) Void ratio, ¢) Degree of saturation

Volume Weight
I Air
W : : T
0.001 wm'r i o4z ws
m H i l

Ws

| Wz |

Ui 35
dmavossudie
W, +0.147W = 18.4
W, =16.04N
W, =(16.04)(0.147) =2.36N
¥, = ¥ _ ﬂ? =18.4kN /m®
Vo 0.001m

et

v,
AL 16.04 =6.011x10"*m’

ST Gy, (2.72X9.81)(100)
¥, =0.001-¥, =0.001-6.011x107* =3.989x10~* m®
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VV

_3.989x107*
Vi 6.011x107*

Degree of saturation

v P o238 5 406x1074m?

* Ty, (9.81(100)

V, 2406x107*

S=__——4x100=60.3%
V, 3.989x10”

R

o 7 A ¥ 4 ¥ Ya oa . " a Y o .
AIDEIN 3.3 INUBNLUAT D191 void ratio (M URVUABUAIAIYUT (S=100%) TIAI1UINUN T a) Unit weight,

b) Water content
’ Volume
}
V=3 *
=3 91:9x1o Water
m
0.001
m3
v, = 6.011x10”
= Solid
36
a) Unit weight

W, =y, V, =(9.81)(1000)(3.989x10™) =3.913N

W 160443913 _ ool

v T 0.001m3

Water content
P 39131002 24.4%
W, 16.04
UALIIATUINH Unit weight Lﬁﬂ water content = 0
16.04
y = —="=16.04 KN/m>
0.001

Weight

.

W=%vs
3913 N

W =16.04 N
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faeeafi 3.4 Audia porosity, n=0.47 §i water content = 0.33 1azl Specific gravity, Gs = 2.68 AIUIUM

a) unit weight, b) dry unit weight, ¢) void ratio, d} degree of saturation

Volume

Weight

\ Solid

i

V, =(1.0)(0.47) =047 m’

V,=V-¥,=10-047=0.53m’
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W, =(Gyy, )V, =(2.68)(9.81)(0.53) = 13.93kN

W, =w-W, =(0.33)(13.93) = 4.6 kN

Porosity

14

v

Vv

Unit weight

_(13.93+4.6)

= =18.53kN/m>
um

¢

Dry unit weight

= 13'933 =13.93 kN/m?
1.0m

Vd

Void ratio

v, 047

Ve 053

s

=(.887

Degree of saturation

§="w 2947 100=100%
v, 047
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i
timinvesdumie 2035 NN wag G,=2.68 991NN, a) Unit weight, b) Water content, ¢) Void ratio, d)

Porosity, ¢) Degree of saturation

Volume Weight
Air

w :
1.45x10° 3 water 1 1] 0255kg

m:’ 4

2.290 kg
Y.

G,1. 2.035 kg
[ Sold o

qlias
L =tw 028 ssq07tm?
7., 1000
W, 2035 5 503%107%m’

V,= =l
7,G,  (1000)(2.68)
V, =V -V, =1.15x107 ~7.593x 107 =3.927x10™* m?

2.29 3
= _-199tm R
T 15 x1073m
e J0255 100 12.5% B>
W, 2035
Void ratio
—4
AL LU R
Vs 7.593x10~
Porosity
4
=ty 392700 g5 B
14 1.15x10™
Degree of saturation
-4
Y _ 255x1077 00— 64.9% 2=

v, 3.927xi07*

v
ﬂunmwﬂmuuu'iu 19.1 KN/m3 tazll Water content 9.5% 3R 14IMH Y

36




3 AUTNTAN NN THYBNAY

1Sanasvae3191uAU (Void ratio) Degree of saturation Tu@u

. v
2. $1AuGaR void ratio mMuAuLadRA2 TUR1e1ANN MY tae water content ¥BaANIzTwYlA
(Fvuald Gs=2.70)
a 4 a o o a S o w
3. Aufeuniiadiving 38mm X 76mm iwmiin 168.0 nfud i llevauutaaiinegiimin 130.5 n¥y

E
Degree of saturation ¥edauwiafidiumils

14
4. 751083 Maximum void ratio 1111111 0.78 14a% minimum void ratio MY 0.43 R IIMM MBI
Autswemsiodie ammunaiuduimsmit 65% muali Gs = 2.67)

Grain size distribution

magifnga

1. Sudimiemiingaw 19.1 KN/m’ wasii Water content 9.5% 9981381

2) Y3unsve e ludu (Void ratio)

b) Degree of saturation Tu@u

¢) 818udad void ratio whidsasuga igaei minedmiin uag water content vosAuaziuiila
@AmualiGs=2.7)

(a) e=0.518, (b) S=49.47% (c) Y,=20.79kN/m’, w=19.2%

HUIAR

2 = o o 4 : @ A
Liﬂé’]‘l‘lﬂ1ﬂﬂ'liL‘UU‘Hﬂ'!'11]ﬁﬂwuﬁix"ﬂ’ﬂﬂu'«mﬂﬂﬂiﬂ1ﬁi

T T T‘“
M4 v,

0.095%,

dwmtin Uinas

11]17; 39

Y
o

] 3 v '
Fuh 1 AmnsiFinasveteima denuminimiing i 3 wAad a1 B lumonves ws
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y=-2

Vi
Vo4 0.095/ N W, _ W, +0.095W, + W,
¢ J/W GSYW 19'1

v, =(1+o.o95)Ws (0095 1 )Ws
19.1 9.81  2.7x9.81
V, =(9.891x 107w,

v
@ A

A ¥ |a ) o T a s o ¥ 1 da
Tudi 2 dlanfdfinesvesermetinndousiang ilondaw sedunalddmaalumeonves ws
szdafuoonlinua

a) void ratio

_n
= v,
V,=V,+V, =(9.891X10_3)Wx +%:(1.957x10_2)Ws
-2
e:l.957><10 W, —0518
W,
2.7x9.81
b) Degree of saturation
0.095W
V.
S=-2o— 281 ,100-49.48%

w
Y 1.957x1072W,
) vinTanduenidududadsidaiy S=100%

14

woq
Y
V=V,

- o w4 t os, o o a HESd
WounrwduRuissnnahminfudTues i ddeg]
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— -

=1.957x107W,

W, v, = W,

Gr.

dmiin Uinag
g 3.10

¥ v ¥
fnnaminihminndwinfududidiei
w

71':?

_ YV W _O81x1.957x1077,) + W,
v, A
2.7x9.81

+1.957x1072W,

¥, = 20.79kN/m>

. - 2o
srnalSnsnwduludu

e (9.81(1.957x1072W,)
W,

5

x100=19.2%

Fethadt 3.6 lumsnadeudaetsduiudadanth (S=100%) O R
AW RFUMZVDUTAFY Gs = 2.7

dwiinvesiuiousu=sN

miinvesRundueu—4N

IR0 (a) water content, (b) void ratio, (c) bulk unit weight, (d) dry unit weight

A1 () w=25%, (b) e=0.675, (c) ¥ =19.76kN/m’, (d) Y =15.81kN/m’
t d

< = o o oY e e A o A oM (Y DD gy A
FunnnsdsuauduRusseninaimindudSings vinlandausud ludrnidaiuislideadou

Suasvasermaaalugl
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miusmuudeh Tongaw
(a) water content
w. 1
w=—2="x100=25%
w. 4

5

(b) void ratio

1

e=tw___ 981 _¢75
A
27)9.81)

(c) bulk unit weight

w__ 5
ey T AT
(2.D0.8) 9.81

=19.76 kN/m®

(d) dry unit weight

_B_ 4 _ 3
Yd = v ] I =15.81kN/m

_7+
(2.7)9.81)  9.81

l 5 & o . a o v . . .
#06191 3.7 VAT IINTIWTTTULIANIRININATBLUNIAT maximum void ratio, ¢ = 0.78 uny

‘max

14 3 .
minimum void ratio, e_. = 0.43 Nﬁmmnmuwﬁmuﬂﬂuuﬁ'wmwswé‘haﬂwusﬁﬂmmnumuuﬁnwnﬁ

‘min

oy 65% (munld Gs = 2.67) A190%: Y,~16.90kN/m’

o 8w @ A ¢ 2w a o o
Li1?1’6\1L%ﬂuﬂ’NN?{MWufﬁ%ﬂ’ﬂﬂu'muﬂﬂ‘ljﬂiiﬂﬂi Tﬂuhwuﬁ'mmwmuqﬂumuﬂﬂuuﬁ'wauu Vv=Va
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- T —"j - T
w =0 209 V,=V,=eV,
14
W —— —
m / |
sbwitn Yhmy

o o @ (e W d
NAWRWINAANVVDIAVINHUUUUTUNNT

D _ emax —€
€max ~ emin
Tameulniuazunua lugums
€=€max — Dr(emax - emin)

e=0.78- —6—5—(0.78 -0.43)
100

e=0.55

Ed
Surmniminuts

_ Ws - G&}’st
Ya=— =
V. V,+eV,
v = 2.67x9.81xV —16.90kN/m?
v, +0.55V,

3.4 AUIENUANIINIEATN UAT Index properties Yo IAMITARZIDHA

o a A A A Aw & a @ > 9 v

FnuasznamenmwyesdumilmidanudedfmusiiudaazSeamsfudufounnzamnsodluld
(5un11 Plastic state

P wa a a o Py a FP a P

srduna i iguauianiimenimyesdumiionsznfounladlhidie Ysuani i lufwniion

& < - - - 2 a = = - a o o
waswlasly dufed @umiiounts @S lududes) Aumilssselianmiluvewdumefudufou
oy o« ¥ a a . 4 o (w0 40 a & oa
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TrduGesgamutSinanimdud'll susseinlfunaniBganidumiionzsueeudnudunsaiuld
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on Sonn Liquid state
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v
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173
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%] 73 7]
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vaudl Aeyaudy wiadia VBUWRD
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Wuflvvesuda Dugaawan
Yimnanhludn
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31% 3.12 anwduiuissnMehdsSuus uReusudSnaniluau

Liquid
Limit, wy,

Plastic
Shrinkage Limit, wp l
Limit, wg,

Volume

Semi-solid or
-] Semi-pfastic solid"f*

stiff “suspension

Moisture content

31#13.13 Atterberg limit U8 Stress-strain diagram ¥93RuNA AL

. ;
o UTHma Ay Moisture content) figaNLIENIL vBuMAITUTA TN AANS U Riwman

a @ A

(Liquid limit) Taedriionudegadednusuisindsfuusadeonutszunm 1.7 kN/m?2
q

%

¥ .
] ‘Llilﬂmﬂ’nll‘]?u"ﬂﬁﬂimQitﬁ’ﬂﬂﬁﬂﬂ%WﬁWﬂﬂﬂﬂﬂﬂﬁﬂdﬂilﬁ‘N Fen71 WAAWA TR (Plastic limit)
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4 . .
o USumaanudu a. gefaulilimsuldoualasafuinsdade ldiSuads Adanisnada (Shrinkage

limit)

3.5 Atterberg Limits (Liquid limit, Plastic limit, Plasticity index)

3.5.1.1 MINaaeIAen Liquid limit #9835 Cone penetration

£ 25
2
e
<
&
a2
%5
£ 2 -
had [l
& |
] 1
2 ! Liquid fimit,
15
50 60 65 70

arwduvesdu, w(%)

zﬂﬁ 3.14 AMSNAXBUN Liquid limit Trt3% Cone penetration

a

o ¢ “ v aa & Ce da
fininnmeasyadeuldiausiinisnaasuian Liquid limit Uag Plastic limit Tagnagsufuauni

=

vnadindudnend1 0425 Tadwes laoldginisideglTaszaldeslnitenaasludiu naziiufinsvey
a o a 3 a H S o - 4 2 P
asauas Tl ludu wazihduldwmanesuvesdurasiu vinduh d@sunriomenuduvesdun

nswanasluduiiuszos 20 odwns
3.5.1.2 prsnagemien Liquid limit A5 Casagrande method

, .
1¥g1lnseluns Casagrande (kah-sah grahn-dey)’ aanazeuTaomsiAuagaiutiwditheasuunszne

y Ed
noundeadnhnsesluaulidefunsenedunseaflothasealiduusndly 2 dau sntiuaiz Tasasen
¥

v
aszne Wgediu 10 an. udrldes anedudaszoudunausududiuszozalszane 13 fadwas

? casa grande. (n.d.). Dictionary.com Unabridged (v 1.1). Retrieved June 06, 2007, from Dictionary.com website:
http://dictionary.reference.comvbrowse/casa grande
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Liquid limit Tat38 Cone test

300

200

100

Pz
Liquid timit Tesr33 Cone test
Wisruvihiiu 58 Casagrande test
I i
Liquid limit T8 Cone test
Tsiwini 38 Casagrande test
L (4
i i i H
0 100 200 300 400 500

Liquid limit Tae35 Casagrande test

71l 3.17 W vudiousi Liquid limit 180 10m3neaeudas Cone test i1 Casagrande test

3.5.1.3 Plastic limit

4 a da o a . s a
foulTumanuiuludu (Moisture contents) 1. yafiTudulidhudueniifurgudnans 3.2 u udadu

FUsIUUAZUANDBDN

3.5.1.4 Plasticity index

: p .
71 3.18 msiluduienamevfifavanddn

, p
¢ ] o Yo 3
91061 Liquid limit 482 Plastic limit 137841585238 water content 91 IdAumiloathu1duaslilna

sonniiadn Plasticity index, 1,

3.5.1.5 Plasticity chart

Ly=wi —wp

Casagrande 8#nu1m AR UT524913 Liquid limit 1 Plasticity index 483 Clay uaz Silt S1uauinnuda

WnmeunT Ay

gitnamans
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-
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Con
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T T T ¥ T g
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Liquid limit (%)

3109 3.19 Avwd RT3 1913 Liquid timit 1 Plasticity index B adwyiiaa1

a A o ¥ w ' L. Y g .
o AuriiaRerfussinuduius 5211119 Plasticity index S Liquid limit iHusdunse

. 1
0.7(LL~20) FuFoaduili A-Line

A L e . o o w " o vy s
ssfimsuiviesfiusgaiiafanuszuii sil fu Clay Sratndunsag liduas sifiaumadu pr =

o Aumilon (Clay) azfinuduiussznig Liquid limit 1 Plasticity index ogwilardy A-Line

' a @ w 4
o daunsiaudls (Silt) uag Organic silt 139 Organic clay 3zfinduWuiegla A-Line

o &1 Liquid limit 110071 50 szdludufitinnundiuwara@ngs (High plasticity) 8 u@uiil Liguid limit

oonit 50 wedhududtinnuiluwaiafind (Low plasticity)
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3.6 AIunYHiavesRudinazidanl e (Lambe and Whitman 1928)

Field identification for Fine Grained Soils or Fractions

These procedures are to be performed on the minus 380 micron sieve size particle.

Dilatancy (Reaction to shaking)

Dry strength (Crushing characteristics)

Toughness (Consistency near plastic limit)

After removing particles larger then 380
micron sieve size, prepare a pat of moist
soil with a volume of about 8000 cu.mm.
Add enough water if necessary to make

the soil soft but not sticky.

Place the pat in the open palm of one
hand and shake horizontally, striking
vigorously against the other hand several
times. A positive reaction consists of the
appearance of water on the surface the
pat which changes to a livery consistency
and becomes glossy. When the sample
squeezed between the fingers, the water
and gloss disappear from the surface, the
pat stiffens and finally it cracks or
crumbles. The rapidly of appearance of
water during shaking and of its
disappearance during squeezing assist in
identifying the character of the fines in a

soil

Very fine clean sands give the quickest
and most distinct reaction whereas a
plastic clay has no reaction. Inorganic
silts, such as a typical rock flour, show a

moderately quick reaction

After removing particles larger than 380
micron sieve size, mould a pat of soil to
the consistency of putting, adding water
if necessary. Allow the pat to dry
completely by oven, sun or air drying,
and then test its strength by breaking and
crumbling between the fingers. This
strength is a measure of the character and
quantity of the colloidal fraction
contained in the soil. The dry strength

increases with increasing plasticity.

High dry strength is characteristic for
clays of the CH groups. A typical
inorganic silt possesses only very slight
dry strength. Silty fine sands and silts
have about the same slight dry strength,
but can be distinguished by the feel when
powdering the dried specimen. Fine sand
fells gritty whereas a typical silt has the

smooth fell of flour.

After removing particles larger than 380
micron sieve size., a specimen of soil about
12 mm cube in size, is molded to the
consistency of putty. If too dry, water must
be added and if sticky, the specimen should
be spread out in a thin layer and allowed to
lose some moisture by evaporation. Then
the specimen is rolled out by hand on a
smooth surface or between the palms into a
thread about 3mm in diameter. The thread is
then folded and re-rolled repeatedly. During
this manipulation the moisture content is
gradually reduced and the specimen
stiffens, finally loses its plasticity, and

crumbles when the plastic limit is reached.

After the thread crumbles, the pieces should
be lumped together and an slight kneading

action continued until the lump crumbles.

The tougher the thread near the plastic limit
and the stiffer the lump when it finally
crumbles, the more potent is the colloidal
clay fraction in the soil. Weakness of the
thread at the plastic limit and quick loss of
coherence of the lump below the plastic
limit indicate either inorganic clay of low
plasticity, or materials such as kaolin-type
clays and organic clays which occur below

the A-line

Highly organic clays have a very weak and

spongy fell at the plastic Iimi't.'
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Pasticity

3.6.1.1 Activity
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ceribbriny
ey
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iﬂﬁ 3.21 Zﬂmﬂ Broms

Clay
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A=133
80 4
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Q A=095
-~ © o
A o
I u
§e o, 4
s o 2 Weald cf
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£ s ° o~ A=063
%40 ° a
K] °
a
Horten clay
20 2ot o o < A=042
a
0 T T T T
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Percentage of clay-size fraction (<2 um)
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Plasticity index
Percent of clay size particle (less than 0.002 4)

Activity = (3.5

A15199 3.4 1 Activity Y8 3dumilodaiianie

 Typical value
: Descn‘ption i Soil/mineral ]

Inactive <0.75 Kaolinite 0.4
Lias Clay 0.4-0.6
Glacial Clays 0.5-.0.7
{llite 09

Normal 0.75-1.25 Weald Clay 0.6-0.8
Oxford, London Clay 0.8-1.0
Gault Clay 0.8-1.25

Active 1.25-2.0 Calcium Montmoriilonite 15
Organic Alluvial Clay 12-1.7

Highly active >2.0 Sodium Montmorillonite 7

(Bentonite)

v o ( a a & a - @ = Y L. o g
Activity 61“51%“@'31]?)?1'31 ﬂulﬂuﬂﬁuﬂzﬁiﬂﬂ"?ﬂﬂﬂf‘nsﬂ']ﬂﬂ:\u']ﬂwa.N'lli 01 Activity 3INN1TUIUAINIY

k4
nfae deyanmsuandivesdusy M muani@nuessdugunnauduaa i

1517 3.5 Temaiaziian1snAAUBIAY BRE Digest 240, 1980 (Fnaanain (Barnes 2000))

Plasticity index (%) C/ia; fraction (%) | TemaRiauszag
>35 >95 qn
22-48 60-95 bE
12-32 30-60 shunan
<18 <30 é

#137190 3.6 szoflaveaginnlu@umiloaiinzlinimadl NHBC 1992 (Raaenain (Bames 2000))

Tomaiauaznai Plasticity index (%) | AWANNBIEIUIN (m)
W >40 10
thunan 20-40 0.9
# 1020 0.75
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ANUYL 116.4 mm AP 116.4 mm
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FL858N 305mm F2ULHN 457 2mm
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it
N

10,16 mm

10.16 mm

weun 457.2 mm

305 mm
7

11.64 mm

454kg -

Energy = 592.5 kJ/m® Energy = 2693.3 kJim’
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124 gilnseindndi ¥ lumsnaseunisunda

Dry density (kN/m?)

fnuuzvenTINaITUASA

; s
Ui 3.25 Fureumsuadaludeal §idns

Zero air void
curve
1.90 Gt
1.80+
1.704 %,
%
S
N
N
N
1.60+ SN
Optimum S
moisture content >
1.50 + +
8 13 18 23

Moisture content (%)

71l 3.26 namsnageumsuadaluteulfidms
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19.85
Sandy Clay
Liguid limit = 31
Piastic limit = 26
19.00 -

%\
%
18.00 2,
%
&
L
=
250%vdu
17.00
20nFiu

16.00 +—

L1 1 1
10 12 14 16 18 20 2 24
Moisture content, w{%)
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2.00

1.90 1

1.80

1.701

Dry density (¥m?)

1.60 Optimum moisture

content

160 e
18 23

Moisture content (%)
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3.8 Meueun
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1. Sudumiivnni e = 0.75uaxd G, = 2.7 vasfissdnhdfuogh 2 wasnnssduiudu
y . ’ v

(@ vwAnnalsnaih luduiegldsedunilddu @uamingduda S =100% )

() WA mi ey Ans: (@) w=28%, (b7, =18.9kN/m’

k4 v L4
2. s nnmdandszninmhniminausuddemiiniminsmvesiu y, /7, aulie=1.0,

w=25%uay G, =217 Ans: Yoo lyy =11

9
o « a 1 r o a a A . =3 &
3. et eAnuninsenssueniitdurugudnais 100 Tadwas uazliniuga 100 Naduwas Humendu
9 L4
Fumiioauda Fretreiimiin 1320 n¥y uazndnineuudadiedrediihmin 1075 nfy & G, =2.7 %
A0 (a) water content, (b) Void ratio, (c) degree of saturation, (d) total unit weight, () dry unit weight

Ans: ()W =22.8%. (e =0.97,()S =63.3%, @ 7, = 16.8kKN/m>, () 4 =13.7kN/m*

o v awa v @ 1 A o a Y w
4. ﬂﬁ‘/\ﬂﬂ'ﬂ‘l.lﬂﬁllﬂﬂﬂiuﬂﬂﬂﬂg‘1Jﬂﬂ'ﬁﬂ‘uﬂ’éﬂﬂwﬂumﬂﬁ%mUﬂulﬂﬂaﬁs‘iﬁ'ISN

dSaanirhu@u ) 11 13 16 21
wisimingn (kN/m) 17.75 1892 19.84 19.48

- . . 9w (a HEWS 2 q.9, C e W W ™
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AWNTY ABS (@) g =17.1KN/M>, w,, =16% (b} 7, = 18.8KN/m>, §=65.2%. n=04

opt
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USCS (Unified Soil Classification System) 4a¥355U1U AASHTO (American Association of State Highway
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£4(4.670 mm)
#10(2.000 men)

420 {0.840 mm)

40 0420 mm)

60 (0.250 mm)

#1100 (0.149 mm)
#7140 (0.105 mm)

4200 (0.074 mm)

71# 42 azunsasou

aa o a4 a
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1. 141u1ﬂuﬂ’ﬂT’JQL“ﬂﬂuV]ﬁ”Nnuﬂguﬂiquﬂazl’uﬂi
o L 8 A o f fd oAy oo 3
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3. Annavniminveudedy (unlefifud) fAseariunzunsayesiiu wan IdvziSendn Percent Finer

& o . . ¢ s & a4 . ‘2 .
4. inﬂuulﬂﬂlu'\ﬂ5?)QLﬂﬂ‘\‘ﬂQﬂzllﬂiﬂ!!ﬂagluﬂi [Yisk+4 L‘]JaimuﬂﬂumﬂuﬂaaﬂmuﬂzuﬂiQmaiu‘u (Percent

finer) ¥ ApA TunTEA AT Semi-Log v WduTR G sniudulfimsnszaiovusveusinfu (Grain

size distribution curve)
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% Finer than i sieve = 100~ Z (% Retained on i sieve) 4.2)
i=l
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HesAZINTY vwgeuiln (mm) i nAufifeed ()

4 475 0

10 2.00 14.8

20 0.85 98

40 0.425 90.1

100 0.15 1819

200 0.075 108.8

EYCELET 6.1
Az e lumssuon
niefazungs 1‘iymﬁnﬁu°7;ﬂ"1mgj ® %AUAN T @hufw) %RBANTY
4 0 0 0 100 - 0 =100
10 148 3.0 3.0 100 -3.0=97.0
20 98 196 26 100 - 22.6=774
40 90.1 18.0 40.6 100 - 40.6=59.4
100 1819 364 710 100 - 77-23.0
200 1088 218 98.8 100-98.8=1.2
2195935 6.1 1.2 100.0

as: 1 ) o a o [l
Pimiudsunniznnvieryeutlanaznlesunasai uuunsyay semi-logarithmic

According to USCS

Sands
Gravels Clay
c M F

100 -\\

80

iZ \
\

20

% Finer

N

100 10 1 6.1 0.01 0.001
Particle size (mm)

3 43
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; v
A1319% 4.1 anwmilavenifigungiisig

Millipoises

deg. 0 1 2 3 4 5 6 7 8 <]
0 17.94 1732 1674 1619 1568 1519 1473 1429 1387 1348
10 1310 1274 1239 1206 1175 1145 1116 1088 1060 10.34
20 10.08 9.84 9.61 9.38 9.16 8.95 8.75 8.55 8.36 8.18
30 8.00 7.83 7.67 7.51 7.36 7.21 7.06 6.92 6.79 6.66
40 6.54 6.42 6.30 6.18 6.08 5.97 587 5.77 5.68 5.58
50 5.48 5.40 5.32 5.24 5.15 5.07 4.99 4.92 4.84 4.77
60 4.70 4.63 4.56 4.50 4.43 4,37 4.31 4.24 4.19 4.13
70 4.07 4.02 3.96 3.91 3.86 3.81 3.76 3.71 3.66 3.62
80 3.57 3.563 3.48 3.44 3.40 3.36 3.32 3.28 324 3.20
90 317 3.13 3.10 3.06 3.03 2.99 2.96 2.93 2.90 2.87
100 2.84 2.82 2.79 2.76 2.73 2.70 2.67 2.64 2.62 2.59

1 dyne sec per sq cm = 1 poise
1 gram sec per sq cm = 980.7 poises
1 poise = 1000 millipoises

; s
@199 42 anumuuniuvdeanuarsdumizve nimguvgiiang

Specific gravity of water or desity of water (g/cc)

deg 0 1 2 3 4 5 6 7 8 9

0] 0.9999 0.9998 1.0000 1.0000 1.0000 1.0000 1.0000 0.9998 0.9999 0.9998
10 0.9997 0.9996 0.9995 09994 0.9993 0.9991 0.9980 0.9988 0.9986 0.9984
20 0.9982 0.9980 0.9978 09976 0.9973 09971 0.9968 09965 0.9963 0.9960
30 0.9957 09954 0.9951 0.9947 0.9944 0.9941 0.9937 0.9934 0.9930 0.9926
40 0.9922 0.9919 0.9915 09911 0.9907 0.9902 0.9898 0.9894 0.9890 0.9885
50 0.9881 09876 0.9872 0.9867 0.9862 0.9857 0.9852 0.9848 0.9842 0.9838
60 0.9832 09827 0.9822 09817 0.9811 0.9806 0.9800 0.9795 0.9789 0.9784
70 0.9778 09772 0.9767 09761 0.9755 09749 09743 0.9737 0.9731 09724
80 0.9718 0.9712 0.9706 0.9699 0.9693 0.9686 0.9680 0.9673 0.9667 0.9660
90 0.9653 0.9647 0.9640 09633 0.9626 0.9619 0.9612 0.9605 0.9598 0.9591
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4.2.2 gaplinvean NNz BVINAveUTINAY

» Effective size, D,
A L) P 3 a da D o a Aa o P
ﬂ?]“IJLI1ﬂlﬂ"uFﬂﬁuUﬂﬁN‘UENuJﬂﬂu‘VIiﬂﬂﬂil‘lﬂlﬂilE)ﬂﬂll‘VIJJﬂJuWﬂlﬁﬂﬂ’ﬂag 10%
» Uniformity coefficient, C,
C = D60
*7 D
10

¢ Coefficient of curvature, C,

D2
Cc — 30
Dey x Dy

PO o < o
AIBYIIMIAUIUUC 1ae C, iﬂﬂﬂ51ﬂﬂ15ﬂ5$iﬂﬂmﬂﬂuﬁ7ﬂ§ﬂ
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Unified Soil Classification

Silt and Clay
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A Hydrometer analysis

D= 0.24 mm
X B e
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<E 404
‘é Dy,=0.16 mm
E
= 204
& D= 0.096 mm
0 T T T

D
:ﬂ=ﬂ=25
Dy, 0.09%

DlO = 0.096 mm

2
D (016)?
© DgxDjp 0.24x0.096

fraee1af 4.1 9911547184909 Gravel, Sand,

¥
T T T T T T T
02 01 005 0.02 0.01 0.005 0.002 0.001
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gl 49

=1.11
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¥
Silt uaz Clay 91nvoyaA

Auninnadiadnni 76.2 Tadwes TUSue 100%

a A

Funfnnadiadnnt 4.75 Tadmes JUSue 100%

AuRdtAiadnn 0.075 Tadwas TUTuw 62%

o L) o 3o = = a Y
mﬂ‘uwa‘uNﬂumuwﬂmmmmﬂimm 1339 N3 uazﬂumum"lﬂ

1IS11% A59A (Gravel)

1UFum 1319 (Sand)

100-100 = 0%
100-62 = 38%

U5ana Aumilyauaznsoudls (Clay and Sil)  62-0 = 62%
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4.5 P UPAUMETZU Unified Soil Classification
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1. Audlanety (Coarse-grained soils) FadlSinauesdud Aunzunsuned #200 Toanit 50% ozl
o o e
ADAYIUIMUIAD

G = Grevelly soils

S = Sandy Soils

a 4 a 3 . . £ aya a 40 ¢ '

2. Auidinazoen (Fine-grained soils) FIUYTU IV YDIAUNAIUATLNT UUBT #200 H1NTT 50%

M = Inorganic silts

C = Inorganic clays

O = Organic silts and clays

Pt = Peat

4 . \ % v ae a a Ay e

‘]i»iiﬂﬂﬂ?}iﬂﬁiy A YNAUITUATBTUIYFUAYDIAURBNGY AIBUNUIKU

W = Well graded

P = Poorly graded

L = Low plasticity

H = High plasticity

4.5.1 Flowchart uaaaiiunaudIsnisdmuniiv
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4.6 MIVWUNAHIZUY AASHTO

o a ¥ Qd; s 3 o v -
mimuunﬂummmumwwﬁu 7 ﬂﬂ,‘ﬂﬂaﬂiﬂi’g BRild

] E a1 a ' ¢ ‘
o NN A-1, A2 Uag A-3 {11 Granular materials Feih/Smnduiinean unzunsaues 200 Hoondi 35%
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o 0N A4, A5, A-6uaz A-7 921ilU Clay-type materials FalSuaduiaoauazunsauss 200

IR 35%

" Sit. ‘clay matedak
(More than 35% of tatal sam,
 passing No. 200+

.Sieve analysis
Percent passing:
No. 10 <50
No. 40 <30 <50 >51
No. 200 <15 <25 <10 <35 <35 <35 <35 > 35 >351 =35 > 35
Characteristic of fraction
passing No. 40
Liquid fimit: <40 >41 <40 >4 <40 >41 | <40 > 41
Plasticity index <6 NP <10 <106 >11 >11 <10 <10 >13 >11
Group index 0 0 0 <4 <8 <12 <16 < 20
Usua! types of significan] Stone Fine "—
constituent matarials g?ggi(::& sand Silty or clayey gravel and sand Siity soils Clayey soils
sand
General rating as Excefient to good Fair to poor
subgrade

U7 4.18 sl unndwundulesl¥szuy AASHTO

¥

Sl Ve o AW A
Teapunn1dlumsuminezlisiife

#91381970 Grain size

Boulder 4) 275 mm

Gravel 2mm < ¢ <75 mm

Coarse sand 0.425 mm < d) <2 mm

Fine sand 0,075 mm < ¢ <0.425 mm

Silt ooz mm< $ <0.075 mm T
Clay & <0.002 mm

Avsamnanuiluwaefnveadu (Plasticity)
vssndnddluiudiaazdvad:

Plasticity index HeondmTowiiy 10 szond1 Sty
Plasticity index ¥INAH3BIYMRY 11 9250771 Clayey

Hdauaglungy A2, A4, A-5, A-6 uaz A-7 92 Wn31W Liquid limit 1182 Plasticity index Tumsdund lé
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70
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x AT
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B A-2-6
z As
£ a0
& A-2-
o A-7-5
20
10
A-2-4 A-2-5
A4 A-5
o !

10 20 30 40 50 60 70 80 80100

Liquid limit

it 419

4733984 Liquid limit 1% Plasticity index dmuaufioglungu A2, A-4, A-5, A-6 Ung A7
Ftmsduunlaoldarss

o s T . = a Y 4 &
UNUBIHA Grain size distribution 1oy Atterberg limits wdnranIaosuninde llvnllises S IUNTENI

oy lunguitnz

Group index
. o a a4 o 4 - o Vo4
Group index (GD) sziludasuiiugamnmussaui lfiliuTagiunslaoesdon 13 Turaduvhongui 1d

$uun'Bud? Tnefiaumsfe

GI = (F-35)[0.2+0.005(LL — 40)]+ 0.01(F —15)(PI —10)

Tauft
F dlunlefidudvesduiisunzunsaues 200
LL  Liquid limit
P Plasticity index
fmamsdnanlda g1 deauld c1=0
Wilanedion il uavs iy @i 3.4 Jadiu 3 wio 3.5 auilu 4)
Group index "llildlﬂ'm&qﬂ
Group index 1BAUIUNGY A-1-a, A-1-b, A-2-4, A-2-5 Uz A-3 vzidlugudioue
Group index UBIAUNGM A-2-6 upz A-2-7 93 1 aums
GI = 0.01(F —15)(PI - 10)

a4 o v 2 4 A& o o
ﬂmﬂTwilﬂ\iﬂulnﬂﬂxu1u1“1‘]5!%u%uiﬂqwuﬂ']\ilnﬂwﬂ‘]im—]ﬂ']ﬂ Group index AIMITN

5

ginamans

Excellent A-1-a{0)

Good ©-1

Fair 2-4)

Poor (5-9)

Very poor (10-20) )

faeghaft 4.2 93 uunaunsmualilasl¥szuy AASHTO

Y] wa Sieve analysis (% finer) Plasticity ST uduAs # 40
AUPUAN
#10 #40 #200 Liquid limit Plasticity index
1 100 82 38 42 23
2 48 29 3 - 2
3 100 80 64 47 29
4 90 76 34 37 12

334 - Aussiind 1

L Wuh@uR A uAZUnI LD £200-38% Fau1nT1 35% Saden TRnrsmamsadauiiu sitclay
materials

2. Liquid limit> 41 1 plasticity index >11 39nsafuFosqas

3. Plasticity index > Liquid limit - 30 ﬁaﬁu%ﬂagj"lu A-7-6

339 - Auwiiaf 2

L #esendSuiefuimuesuns 410, #40 18z #200 3NUT 0T IRLY0S A-la

2. wuhAufruazuns e #200-8% Fatesnii 35% SaRntsana1ed iy granular materials

o AUASLATI #10 = 48 < 50%

o HIUAZUATI #40 = 29 < 30%

o FIUAZLATI #200 = 15 <35%

o Plasticity index =2 < 6%

351 - Auatiad 3
1. wunAuRr IRz A0 4200-64% Faanndi 35% SeRersanais wauddlu sit-clay materials
2. Liquid limit > 41 ua¥ plasticity index >11 Hnsafuresganio

’
3. Plasticity index > Liquid limit - 30 dusfudaegiu A-7-6

aa o a a o
AN - AUBUAN 4
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1. WuhRulmuezunIuues #200=34% Falosndt 35% saReisanrstedauiiily granalar
materials

2. wosanfSinsAuiiniuaziunsa #10, 40 tag #200 LAINUIIATIRLYE A-2-2

WIUAZUATI #10 = 90 > 50%
o HIUAZUNTI #40 = 76 >50%
o HIUAZLINT #200 = 15 <35%

3. 9138 Atterberg’s limit Han5 9 UFOI A-2-6

Liquid limit = 37 < 40%

Plasticity index = 12 > 11%

. . v
7881 4.3 WANTINATOU Sieve analysis YOIAIDYNAUAIDY NN 1 URAAIU

duideguuazunsaues 4 30%
dufidmazunsaed 4 uddeguuazunsawes 200 40%
dndidumzunsaes 200 30%
Liquid Limit 33
Plasticity Index 12

. v 9
NHAMINATOUTTIUTIUATUNTUVDT 200 = 30% < 50% sariudniiiududanu G, S)

;o4

daufidludusionyy = 100-30 = 70%

daudiuazuns e 4 unsdeguuAzINIILIBT 200 = 40%

F1=40% > (100-30)/2 =35% & whipuriaiiuduniield Group symbol (i1 S
DnfuRnseA Liquid limit 1482 Plasticity index

AudinazBuaiiniuazuns uues 200 = 30% > 12% uaziiiowin 1581910 Plasticity chart 9gnuiia 1 Ideg

mile A-Line

Fd
iuAnwiiatinedl Group symbol ilu sC

. Y
Ausiiad 2 InamInaeoy Sieve analysis Aati

dridseguuazunsiwes 4 10%
dndirmzunsaued 4 uafseguuazunsayes 200 82%
dhufruazinswed 200 8%
Liquid limit 39
Plasticity index 8
Cu 3.9
Ce 2.1

AIRAIURZLNT AT 200 = 8% < 50% datuauriiailiufufianey (G, S)

’ 4
daufiiueziniawed 4 uadaeguunzuns aues 200 = 82% > (100-8)/2 = 46% Auriiatidiuduniy
Fusundaufinuesunsunes 200 = 8% Fsegreniia 5% e 12%

. »
A1 Cu < 6 14az A1 Cc agsznae 1 A1 3 Falidlullannnasives sw dniu iy sp

AT Liquid limit uaza Plasticity index dievi T plot Tu Plasticity chart WU group symbol

i sm

¥
51 Aurliadii Group symbol Wy sp-sM

auxtiafl 3 Inamsnaaew

daufiduatunsuued 4 100%
dnirunzins awes 200 86%
Liquid limit 55
Plasticity index 28

a A A o & a o A4 o g -
wﬂ'ﬁﬂlTnnﬁ'lu‘ﬂw']uﬂguﬂi\uﬂa{200 > 50% Wﬂuuﬁu'ﬁuﬂulﬂuﬂuluﬂﬂglﬂﬂﬂ M, C)

: ’
2150411 Liquid limit 1182 plasticity index (591111 Plot Tu Plasticity chart udauvzegmile A-Linediaiiu

v
Auytiadil group symbol fie CH

#eehafl 4.4 - 91¥1iade Braja M Das

From Braja M. Das

Mass of dry soil sample = (0450 g
Sieve no. Diameter | Mass of soil | Percent of soil Percent
retained on retained on passing
each sieve each sieve
(mm) (@ (@ (%)
10 2.000 0.00 0.00 100.00
16 1.180 9.90 2.20 97.80
30 ] 0.600 24.66 5.48 92.32
40 0.425 17.60 3.91 88.41
60 0.250 23.90 5.31 83.10
100 0.150 35.10 7.80 75.30
200 0.075 59.85 13.30 62.00
pan 278.99 62.00 0.00
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4.7 forsmeun

° . . . . . - d a
1. s9wundusled1aluni3 1981833 Unified Soil Classification 9nm1sdwunduddesnsihaulsi

T LA A - s
Wi unuendezdeadiuTassadeiinh ohdui1dnn) a5z 1484 A nie B veefinemana

Sieve no Opening size (mm) Percent finer (%)
AuA AuB
4 4.750 98 100
10 2.000 86 100
20 0.850 50 98
40 0.425 28 93
60 0.250 18 88
100 0.150 14 83
200 0.075 10 71
Liquid limit - 53
Plastic limit - 28
100
_ Dy}
90 © " DuxDy
D,
80 umpe
— 70
X
5 60
L=
&=
= 50
8
B 40
[
30
20
10
[
10.00 1.00 0.10 0.01 0.001

Particle size, mm

Wit am

» v
2. Tasamsadrawilsimbdedu (hdusu1den) funasiegIdideneg 3 unasleslinansnagenlu
9 oo ar
Heel§iian1sAenis
v i
2) 1 UNAUAS 3 ¥iniifI032 1Y Unified Soil Classification

by tindAnuezdeniannnunalade ihuaudon Tdsaoamarallszaey
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4 msuunAY

AuuMal A | AuvlpunaIB | AuSuMAl C
% AURTUAZLNIALBS 4 98.0 100.0 90.0
% AUAIUAZINTULDS 200 10.0 77.0 40
Coefficient of uniformity, Cu 1 - 45
Coefficient of curvature, Cc 23 - 12
Plastic limit (%) 20 28 -
Liguid limit (%) 44 54 -

s y
3. anasdeaye Aterberg’s limit ¥93funilen 3 wilavenssoeenuzyeadui 3 vilaidduedials

%Qﬂﬂﬂmﬁjﬂﬁﬂizﬂﬂ'ﬂ

AU A fuB fiuc
Water content 22 40 60
Liquid limit 50 50 50
Plastic limit 25 25 25
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5 Permeability and Seepage
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5 Permeability and Seepage

filter

drainage layer

boiling

N

concrete
weir

river bed

5.2 ¥0471914AY (Soil Void)

v
as

: . = lg @ =3 . 1] * o = 13 = . . I r o
ms"l’naummmuﬂuﬂz"lmuﬂmJimmmmawiwumnﬂﬂu HAIZUUBYNUUYUTAFDIINITSHINUNA

a @ @ d ' a o
AUATTN ﬂ'ﬂnﬂlﬂ‘ﬂl5531"’3'\3‘]{'&@‘“63?!““?13 Permeability

AR Porosity Typical permeability (m/s)

Clay 03-05 10°

Sand 02-04 10’

Degree of permeability Coefficient of permeability
(em/s)

High More than 10-1

Medium 10-1to 10-3

Low 10-3 to 10-5

Very Low 10-5 to 10-7

Practically impermeable Less than 10-7
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5 Permeubility und Seepuge

Coefficient of Permeability in cm per sec (log scale)

10° 10 1.0 10* 10?2 10° 10* 10 10°¢ 107 10° 10°
Drainage Good Poor Practically impervious
Very fine sand, organic and inorganic silts,
: mixtures of sand silt and dlay, glacial til, stratified { “ympervious™ sails, e.g.,

Soil type Clean gravel g::unr :a“d' clean sand and gravel clay deposits, etc. clays below
“Impervious” soils modified by effects of vegetation and zone of weathering
weathering

. Direct testing of soil in its original position-pumping tests. Reliable if
Direct " propery conducted. Considerable experience required
K Constant-head Litlle experience required
Falling-head permeameter. Refiable. Ef::::g;:aa‘:z:"“mmh Falling head permeameter. Fairly reliable.
Little of no rience required N . Consi i
Indirect e of no expe e required 4
determination of [ ion from grain-size distribution, i.e., Hazer's ‘Computation based on results
Lt formula. Applicable only to clean cohesionless sands and of o_onsolldanor_u tosts.
gravels Reliable. Considerable
experience required

After Casagrande and Fadum (1940)

5.3 Pressur

¢ and Head

Flow out

Pressure 1 P pressure

h : p

ead Jw W y,, head

N
Flowin _§
B
M Zp Elevation

Elevation z head

head ~A

32l 5.1 a3 Tnaruvie

o 2 >
NFUN13YDE Bernoulli A5 1ums Traveniloonind ey Total head Safou1diiiu

(Total head)

.5 = Elevation head + Pressure head

Total head at A

z,+24

w

Total head at B

85

2y 22
Vw
Head loss 3¥¥711339 A 1oz B
Head loss, Ah = (Total head), ~ (Total head),,
M=z + 24| )z, BB
Yw Vw

uns
Head Loss tiou 18 Tug1uu1 Dimensiontess 18T aoums

Ah
L

j=

i = hydraulic gradient

L = 320z52m9q9 A uag B (szez unis Tnafivh Wifa Head loss)

&1 Total head 7§ A s B ez bifims naveniszning 2 9

A1 Total head # A gani1B HozfinsTnaveniin a Wi B Tauf tead Runndieszniiegain

¥9339n 71 Head loss

5.4 Darcy’s Law

iR mndunama lwaluduase
duvams naeds

; s y
71 5.2 ms vavenhluduTuegivvunvewesinssniudanu

a =1 a 3 ' 2 A o v 3’ o VW
o Aumiisadivesinssnnudiadudn semiams e nivi i lualdn
o L D wma e ia s .. 2 v, g
o Aunsevesinszniadaauivgnidumiler msluaveniiluyesinasaindiu hilveda
F1
Iu
) v s o w o . o S a o o
il 1856 Darcy Mirusdt anuduiusszuineanmsiluns rave nhiluduudsfunsady

hydraulic gradient
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lfjj ﬁnamﬂm’ 5 Permeability and Seepage

Turbulent flow
awa v a4 1 a a4 4 a o oy . P wea
Tumal§iauduswedondumilsiidhuilededu (ulldunnounseeg) ezfiuh anqaaudail
N 3 r I3 i d r
Transient flow AumiinfuduTaqifdonih i1 $lunsdeadunudewdiodehi il Inaduiudaudou nieth
> + | ; gl J .
Z aumiton i udrsesiturevezietio st lilhiheinvee Tnaadhhlutlouduseuqie
2 o s . o o dd .
2 Laminar flow iennezmdudsz@nims vaduruldoinanuduiuinadreniananisnaaes (empirical
v 3 o o o v q ad o o dd o o
relationship) Wiighinerueaufuiut Thnnne wiluiilvsouenwdutuiiuaue Ty Hazen Tuil
»
X 1930 Aed
Hydraulic gradient, /
4 o o . o = 2
U 5.3 anmdaiugsendienammnd af hydrautic gradient k=C-(Dy)
¥ o . s
dmfvaudulng ezdaims lnavenivugeeinluduihun laminar flow Fufonansa k = Coefficient of permeability, (m/s)
YaIms IMaudsauas iy hydraulic gradient D,, = Effective size, (mm) mmmf’f'umgruffﬂmwauﬁﬂﬁuﬁ % finer 11 10%

C = fnsfiintegsznin 0.01 fv 0.015
veci 3. 9 . o : .3
aums 1914 Clean and Uniform Sand g ludmwnasufiqam niu

Faudoudluaums Wi
a J . . @ @ @ 4 4 q i & A
e ki Sasuirlunslnavenin (Discharge velocity, v) dususiudasuiafivivinarudadu (Seepage
- v
P velocity, v) Fail
Taud

s 9
k = Coefficient of permeability (fuilsz@nsarudusmvenin imhoduszoznisdena vy =

3l

i = Hydraulic gradient (Ah/ L) .
Tavh

>
o A

v o o 24y da 7 = ANUNTUUBIAY (Porosity)
gas1ms hravenhAonagavesanudrlums nafuuiinideiifans lua N

W™ ¥ a . & < .
Darcy’s Law 1% 18iam1ensd@ived Laminar Flow Fanmidalunts Tua'laige

. b d
— — o ' a =1 . o
g =vA=Aki TuarudlusSabes Inarmdudonrms T higeildewise 14 Darcy’s Law
. o v ¢ H . . o o g o .
wievedas1ns luade m’s e cm’/s Taonguesmseyindnas Inave it (conservation of flow) Suiududlanewanuilums lnas1veg lure Tubulent $11% ligwsald Darcy’s Law

v v ”

gaaTwarhwenhzoifudasims rasenvenihles bilims gaudoveafSumih ) .
g 14 T s o e 9 \

o ' ‘o o ' o . > ?

Falszinsms lvaduruszdusgiuiledenarsilszas Tdun yilevesiu vuanazveuiiadu nrs 5.5 miduilsziing k Idmneedls?

o Y a o § o « o o o .
saiSvsdveslaseededu uasanuaiuavevouiledy Ailasia ldvesdulse@ndnis Twadumuy v o ;
v 5.5.1 ManlszinamnauninBalszaunisal (Empirical formula)
ueas i lumisadean

v 9
P -, - - lunsdiaudianery (0778 uaz n319) M1 K wwduegiuiledomanil
5137 5.1 Fulsz@ngais Inadurivesfuiariia

2 & . . 3 t = v
Effective size, D10 Swmnavouiiaaulngvinetesinsznhudeduszlugdae

= = 8 a ] o o 4 4 . 1 v e
’ ‘ wilavosdu e k (co/s) : mInszRivvAYeuliadAY, Cu dinausriinsSvsdnaufiufivSelivesiadiuagiud Cu

Ay A a o f « ) 3 v © o do o .
nsanf lifidadedu >10 $a51dUT09919 (Void ratio, ) 1 k azfianudunusfuilasodradudiumuns empirical Asiife

A iad A - dn ad A = 3
ne LifiFudor wie niohinsiad WifiFaderlu 108410 5

. — . a (4
NIwaLPuR Fan AuNlaumTIYe: N5 Favl uasdumiin 10° 82 107 k=C-(D19) (Cu) (e)
. . .

Aumiloaf hidududlanounsn <107 Tauh C. a, b uag c dluAned
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5 Permeability and Seepage

’ . . . .
. ., 2 oy o a & 4 a
UAANNS Empircal ez Biihdefednilesmnfudiansezaldoundasanmldvin@nnle
. b
viwmageuluesl§iian1s wiiliie permeability 7 ldnnaumsithinesgndesin

U Empirical #l¥Austhanireensfisaumsiirualan Hanzen
k=C-(Dyp)?
= in

k = Coefficient of permeability, (m/s)
D,, = Effective size, (mm) vinadusrgudnarveufindudi % finer flu 10%
C = AmeRintagsznine 0.01 82 0.015

aunsi 118y Clean and Uniform Sand Feeglumnmmainiigaminiuy

3/ a s
552 msnageuluvienlfinns
4 o =y Q‘ . a wa ) 1
msnageuiiomdulszdntais nadurnute sl §idnsiied 2 33 1Aun
5.5.2.1 Wszanimen (Constant head)

S3nagenLLyiMNESuNs i WAl az@oaders (Clean sand) aufansanienswaaiiaudia
wBvaluegifounit 10% it 1 AemTosiled 14mamouu constant head Tumsnagevszydesliih
"lwaw'mﬂszmﬂus7Qﬁuﬁ'mthﬂﬂﬂﬁ’wﬁ'lﬂavhuﬁméwnwsi«qagﬂua’niamnqnszﬁ'm‘iyflﬁmﬁ .
o 1aeiinsTaszdidas Manometer Feagaiun 198109 head loss Sas 1015 Inaveni i 18 Taoms
SatTinaniii Inadudog QTﬂU”l‘ff'ﬂszuaﬂmaw?au%ﬁunmt FnlszAnsms Inadiriud o
§ETEN)

. vimbiédu
Jeduineeit wadnazdinh

viovudhan

Sanmaluani ¢ Head loss

Manometer

Fau3anah
wanvisusm

N
i

|1 @

. ¥ .
314 5.4 mInaeLLULs RN

89

Q= Awt
= A(ki)t

. h ; . dawe o 5 ,
nagen i = T T L ifuszersenne Manometer a2 l@aumsdldd wandudss@ninsdun

2L
Aht
Tavi
Q= ﬂ?mml‘fﬁ"lnmimﬁaadw (Aalaenszuenaia)
A = Auinihdavesdaetrmagen
h = A LANA B335 AN manometer

 w
t= ‘mmmﬁﬁﬂwamuﬁaamo

_oL
Aht
p .
vmfudSuuiwaiiowingungiilasldaums
r
ko =ky ——
20

uBZYIIM3H Dry density 130 Void ratio 48378813
snfunagoud Taoideud Dry density H38 Void ratio 184818813
Weunsmnuduiuisening Dry density 138 Void ratio fiyf1 k20
msnamouiilifion o i k vesdunsanmilown
"o dredndAuilvwindn Milithinseunguiaseouganiedesitsvuianginteludu (Fissure,
lamination, root hole)
o MiswSoudre19aulu Permeameter #1160
« oz mamsey q Permeameter Ml FUIszANEAI TR TNATEUTT AN T ETueT
MINATOUT MR
o fufiesdesgaunlsanm lom@umdufioziun iy sler

- I 4 a . 3 . .
. «umﬂ'n“lmyﬂqmmt,uﬂﬂm:é’fm"lummﬂ 1720 L'V!WﬂﬂﬁﬂluWﬂLf’f’HNWf‘meﬂﬁNﬂJﬂQ Permeameter

B . I e o o ¢ & a - wa
Coefficient of permeability HBAIWUBGRUARNMZYBITBITIISEH NuladuudIdWuiy qaauta

N
voathdeRsauns
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k=k2=

Taudt

k = Coefficient of permeability

K = finsiufudaaizvesorinssnhadiadu

V= mizetimiinves veslna

n= amumilavenih
vinrumsthsdudiegamgiin/dou i sfinGou igode

Unit weight ﬂjﬂﬂl‘%

Viscosity mm'fiw

Fowih ik Lﬂﬁﬂuuﬂm"lﬂ@'}"ﬂ%uﬂ1ﬁ:ﬂﬁ1 K faezszyi 20 °C

A =

, , »
gamglziinanenisn/foumlas Unit weight liwnidn usvsfinadeniswlaouuilas Viscosity ve it

w

L ’ !
i v o s o . a v o a
athann FatuauduiusTendee Permeability Ve uiigangila1e q fufigungii 20 °C Ao

kyy =Ky Jr.
20
ﬂﬁthﬂ%”uuf’ft,ﬁmmﬂqquﬁ

Temp °C nr. Temp °C nr.
720 720
0 1779 25 0.906
4 1555 30 0.808
10 1299 40 0.670
15 1.133 50 0.550
20 1.000 60 0.468

5.5.2.2 seauint/dounilas (Variable head)

9 T ' +
nsnageuilmuziuAuHhi ﬁuﬂi%ﬁﬂ"ﬂﬁﬂ?]n%ijﬂ1u1&ﬂ1uﬂﬂ“ﬁﬁﬂu1 wuawmiley mMsnaTeun

14 L
Tagnmistlaseth i lnakudredalreinzussqogluve
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5 Permeability and Seepage

Jxéiuth

moon =0 _
3zéinh : dh

w. v e |

viefiluituthéia = 2

4 W 3od
71 5.5 msnadeuuyussininfdounlas

v €
s ki idTasRessndasins lvaveaiwinudreg 19w 1u Stand pipe TnoTanaugan

¥ »
F A . . i ]
anaInIounadunaT t 93MTUR WU AT Coefficient of permeability Taolvaunms

h
By
=57

dh
= —g-—
dt

ar

q =8asmsiva
L dovo i
a = Aufintifaves Stand pipe

L
A

A = wunvihdnvedietng

fagiauns 1didu

BunSinsnrumstiaducy 14

h
k=2303— 1o 2o
A(tl “to) hl

, . . .
Fuilurumsfilddnnammdulss@nTmsdudmi Ino 935 manaaounuy Variable head
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5 Permeability and Seepage

ginamani

o rathange
H walter ises in

! o = E: = T
5.5.3 msnaaeummandszanimislmadsuehluainy

4 B i . 4 F 2 well to this levet
Lﬂuﬂ']i?’lﬂﬂ'ﬂlllwaﬁ'lﬂ1 Coefficient of permeability 11{?[1«[111 ﬂrwlﬂﬁenwaJmﬂmznqmweQﬂm weatns Hows
' from Mpnummum

a

n

o v » 9
(pumping well) uazguIiIeen 2INTIIZHAUINIZ (Observation wel) Pifieasavasuszdmilddu

. L 4 ¥
anas lihileguibiundlunannuweszaunsensnaeuszdnildandhasashledls

5 tatitrration

jﬂﬁ 5.8 Aquifers and wells

!"Aflu'an el

mpermarbin over

Permertie strath xotirely
filed it warer

{a} Confiried tiow 5.5.3.1 %3 umgnﬁvﬁﬂ
o

auhninn g “—‘——_’h’_—"!

Draioed 304 f—— Deiginal water fabie

™ Gepressed water taxie

Sabmerged 4

b} Uncootined fiow

Figurs §. Modes of occurrance of groundwatar

; v v
717 5.6 Arwmzysai Y confined uag unconfined

»

a 4 3 o o w
_5“1]11 5.9 AHBNATDWNWEHIATK NTUFUUIPNIING

q = kid
q= k(ﬁ)(?‘ﬂrl )
dar
Uncom;ineei : . ,
apiter ¢ . dr .
‘Water table welt ; T =27kl) | dh
[5=lmf
q nl 2

k=-——"d 1
CaAl)(l~h) \n

iﬂﬁ 5.7 Aquifers and wells
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5 Permeabilitv and Seepage

5.5.3.2 i ligndina

.
, N |

gudwlinn ¢ <\ . |

v s
711 5.10 mInareuRon e k nsdTui lignsfa

q=kid
a= k( ? )

dr 27k
lzTEndh

L
2 e o P s e ad Ty e o A
ﬁumsﬁ‘msnmuumﬁuﬂszﬁwm:1wqmmu"luﬁmﬂunim‘nuuﬂnq-ﬂmnﬂﬂa

n

= zq 5<In
x(h—h) \n
5.6 asain IvaruAUNEIETY (Flow through a layered soil)

: - . :
Arunus1 Iénadens mavenhin@uasineue hiud udluanudiusfsfufiiiasinnsianives

o
o

aw LA 4 & a Lo ¥ o -
umazmﬁﬂmﬂﬂuﬂxuanymmﬂumuq ﬂ\?z‘ﬂ ‘]N']!'Nﬂ'uullﬂi]Y‘Jﬂizﬂﬂ'ﬂ'lﬂﬂ’lﬂﬂuﬂﬁWUﬂ)’uﬂ Tunis
a o 5 ¢ o w q o a ¢ a o < -
‘Wiﬂi‘m'I?]ﬂi1ﬂ'|5vl'ﬂﬁ“]illN'I'LHWLlWfﬂ.lﬂ55ﬂ‘ﬂTiﬂﬁ‘lﬂa‘ilﬂ\iﬂuuﬁ‘){uﬂlﬂi‘iﬂuﬂWiﬂWu’Jm FIVSWIITUINT

3¢ £ 3
Tvagesuufents nadsmndududu uazas Tvavu ldfududu
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g1 5.1 Fredsaungneuiivuaniududu

: v v e
ﬁumﬁm1ﬂ1ﬁﬂwwmﬁmazmﬁﬂmﬂauwuanym:rﬂwu ¢} A1 Permeability UYBIAUALUANAIINU

Tlaudnymzveamsvunuiy

Y
¥ aw a

S TuAUMEILe 9 Lmsnag‘lu‘numwn "/Iﬂ’ﬂ Permeability ulu!m'lﬂﬂ'ﬂﬂﬂﬂuﬂﬂﬁﬂﬂﬂ'lih1ﬂ

»
)

uATTUN TN 9 Lminagiwuﬂumuma:ﬁﬂﬂ Permeability T oA n
asdis 1 msTwaviu Tl fusudu

v
#1015 Inavwa tfududiu anuatavesnislua (hydraulic gradient) azifiuynge das1n1s tua

£ I3 o
rudunmidasussmifiuranueasni s naruAuinazYudes

Ly
3

Ly
4

; ’
7107 5.12 ms ki luuwswuiududu

” v . ’
m3 maveni lunuas 1 Tu@usun 1 uazdui 2 923 Head Loss im1Aufauezil Hydraulic gradient
Oonfu i =i, =i
. . ,
gatudas vaveaiviumiweauniianuniie 1 miswde
, = Av
= (1LO)L,kgyi = (LO)Lykyi + (1.O) Lykyi + -+ + (1.0) L ke
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: v
Tag Lt feanuminsiuysadudiu
K, = Coefficient of permeability in horizontal direction

3

wdaumsthedues Iedualsz ansms Tnadurm lunsditife
1

kg =—L-(L‘k‘ 4 Loy +--+ L k,)
t

Fuilueunsii 197 M8 Cocficient of permeability in horizontal direction ’1uﬂitﬁﬁﬁﬁwaw§u
wazirnalumias

0367 2 ms IwademnduimnTaau

Tunsdiiif1 head loss i'smmﬁunﬂ%u([\h) poifluRaTIES head loss VesRuLAAZFY Al

Ahy)

n
AH = Ay + Ahy 4+ Ahy,

o " a g 1w § 44
ungdasms narmuduusasduszmifu g, = g, = ¢, Fromngresasdates’ld

Ak
k- =k ok, ==,
L, L 'L L

n

o lunusmaluaums head loss su0z 18

L

AH:kvéi .L_‘+£2_.+...+L"
k& k

Fagtlaunislnies 14

o —

; s p
U 5.13 msTvamuludamnduduan

k,, = Coefficient of permeability in horizontal direction
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5 Permeubility and Szepage

.y , . .
i, = Hydraulic gradient ¥oui ¥ nasuduadaslsgaoulildrwduduil 1 uazdud 2

¥
head loss YosRuuAnzdUfe h =i L uaz b, =i, L,

. ’
#avtiei 5.1 vinduduuezdoyadagl ssdmanm k), uas (i), ung (kH), (V)

0.9m. ¥, = 1x10% cm/s.

12m. sl il(;l =32x102cmls
1.8m. \ka = 4.1x10% cmils

1
(ki )og = ”m (Liky + Lyky +-++ Lyky,)
t

N

7

-4 V(3 -2 -5
(k1) _(0.9)(1x10™) + (1.2)3.2x107%) + (1.8)(4.1x 10 ) 0 888x10- el
e 0.9+12+1.8

L
k)py =——F—"L—F
V/eq
L, b, L
kL k k,
09+12+1.8

(k")“qz( 09 12 1.8 ]

+
1x10™*  32x107%  4.1x107°

=7.367x107° em/s

(ki )ey  9.888x107°
(k) 7.367x107°

=134.2

¥
o o

@ s .2 @ - o o & a a L e
vndedemiuini ravundiusuanidaninlnadamnfusudy maemsadiuiaszdoiu
.

v
wWSvuaifouiiveiins tna vindoyailis winezih hidszgnd 15 lunsafredumediuni dinsvins

Ly ad a = o I I X X a o & g
7151‘1.]’J1ﬂ7“‘ﬂuﬂuﬂﬂu1LLﬂiﬂﬂ']ﬂgﬂZﬂ'lqlﬁﬁilﬂiz’dﬂﬁﬂﬁulﬂa“]ﬂm'luﬁ\ﬁi

. . ’
fothad 5.2 lumsnaaeumdulszdnFnsFuanTnoli Constanthead Hdeyadiii

Qmwgﬁmmﬁy1 =17°C
Wuruguinausaiied =100 mm

5282 3¥NI Manometer =150 mm
mmuﬂnehwmﬁ:ﬁ'ugﬂu Manometer =76 mm.
PSnesveni @ Tnasenandredistunal 2 1 =541 ml,
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5 Permeability and Seepage

IR UIMNI coeff. of permeability, k
P %2
hAt
_ (541x10%)(150)
- (76)(0.257100%)(2)(60)
=1.13mm/s

YsuufiiteningamgiilaglFmsed

ko =1.13x1.09=1.23mm/s

Fedeit 5.3 nndeyansnaneudulszdnsnts wadurnilng 1433 Variable-head vefnunadunlss
Fngans aduruvesdudeail

ifurguinatavesiienng =100 mm

AWYIVRIFI0E1 =150 mm

3

1furguina19ues Stand pipe = 9 mm
s

szl Stand pipe Hit3a1 t0= 1200 mm

9 3
539111111 Stand pipe fit3a1t = 900 mm

namIA et =177s
unum luaums
k=2303—L ﬁ]
At —tp) By
2
230302579 2(150) Io g)(1200)'
(0.257100%)(177)  \ 900

=1.975x10" m/s
; M :
#19819% 5.4 TunsnageunIal coeff. of permeability Tasl¥35 Pumping test VOIFUNTIWUUUAY
yy Q,; -~ vy - o . . = o0 o
v VBdawduiini Taefisnsimsna 37.4 m3/mr Pumping well uaz Observation well 8 unyiadagyl 94

fuume k

quaanm"'ma"gm R
G=37.4 m°/hr V\ 50.0 m J.

Yadmiviassauu

D7 2

£ ¥ £l
szozvinveniotasyiminazszdauhlmisnaaes

r=15m
B =74-(25+1.15)=3.75m
9] =50m

By =74-(25+0.42)=4.48m

k= ———Q—m(’iJ
QY —h) \ 7

(37.4) | (50

k= n —)=2.33x10_4m/s
(3600)(27 x 11.7)(4.48—3.75) (15

i3 »
f198197 5.5 MINATBUNIA coeff. of permeability 1a8143F Pumping test vosFuAUNTI0 TAeviIN1S
1972 Pumping well 1@y Observation well A3gtld18ns1msnaiiu 23.4 m'nr vednadudlsednims

Tnadusu




gwnamans
62.0
g=234mr |
T
2.5m.
L4
120m
t
n= 18m

By =12-(12.5+0.48)=9.02m
r,=62m

By =12-(2.5+0.96)=8.54m

k=—32 |2
xlh —h)

- 234 1n(§3)=3.o4x10-“m/s
(3600)7(8.54° — 9.02%)
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5.7 wqyfjmi"lwa (Seepage theory)

¥ 14 . v Y
Tudufiezetuiems luavenhluszuudedl 2 fafeunufwazunusiy lavegauyAdwnuiiaa

¥
a

o < S ca . 2 sad a Y ¥
mnﬂmmumﬁmu"lwmi"lwamu mi"lwammuﬂu 2 ﬂJﬂHﬁ]ﬁ‘l_l1leﬂjﬂﬂwl‘ﬁﬁﬂﬂ15ilf)iﬁ1ﬂﬁ1‘]f
(Laplace’s equation)

2 2
WE Ty
ox oz
Tou# H #e Total head

k, uaz k, Aodnlsz@nias nadurmulufion x uoz z
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a

gumsvosanlmaeFoms mavesiih Silinsa ol Hydraulic gradient Tu#ianiala ezl
msszuufudhgauga Tas hydraulic gradient Tufimieduasdinmsnlasuuas ﬁymwmmﬂawﬁ%ezj
uuﬁuyﬁgmﬁ'ﬂ‘f

o Fuiidodhudeson uazduss (homogeneous and saturated)

o AunashliimsnFoaesieiusunnsei (incompressible)

o WmsnanunianSinaslussndensva

o msnadeaiiullmungues Darcy

daudhuilodoaum k, ssndy &, fnfuaumsvesanlamasdoulmilgiiu

x? e’
“lun‘lsuﬁfmﬂ1sfrv:ﬁ'miﬁmmvmmﬂajn16?@?1'9111’1'1wz%ﬂ«?x’auuaztjamnﬁuﬂsﬁﬁwuww7;"114'
aunsaoduiedieadamand $e18insiauedtifte 19 unsudaunst Jiniteitonl¥suiods
sznadaomadiou flow et (Fuviems na)
aumsvesnawesuens lnaveariii Hfmsndoumlas hydrautic gradient luwemiala
hydraulic gradient Tufemduszimsulfouulauiiorsussuy Wdhdauga
'cmmﬂmaawﬂawmﬁaaéuuﬁnnﬁgwﬁa
. ﬁuﬁt{faﬁﬁnﬁna Lm:ﬁlnﬁ’l (homogeneous and saturated)
o Aunnsilifnsafouinasdetius wunnssii (incompressible)
o lifimsnfBeunlaniSinaslussniemsiva

o ms'lwadeadiullawngues Darcy

5.8 Flow net (§H11&15 1Ma)

SEEnudutioms madlu3eiiewesi s we uiun m 18851 deudivsd i lusoazBeas
msezdeutilemslwalusedidneu a1nfrums-uem1ﬂa1mﬁmamamumwzﬁagjﬁu total head 1ut
vinamnums malussunu xz winfu §usidedaals & unu velocity potential Fagunlsiozumasds
AAfAeunfasyes otal head Tuaadu

E=kH

. .
die k dludunlszdnsanudurimlaq aruuSwesms lvaluuounu X uaz z fle

oH o0&
Vy =Ry =7
ox  Ox
v, =, 2%
dz Oz
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, p . . y
Fanaunsisuaasil anusweants uaszdaninfuduni total head Audvafu FusiinGonduil
L ] v ’
1 equipotential tine (fiazAnirlu piezometer FURITIH 1) AT 1925 11 TufwdATia total head anna
ATNUANAI95EN D9 head VOUFY equipotential BB UFUIZITUA1 head loss FeoTu1wTugR xx
Tunsdii &, =k, aumsaarsez@onldbnid
OH O°H

- =0
x? 8

ABINTILNTTY Total head 1. yalan H = f(x,2)
» : .
msudaunisilesdecfvouwavesilont Falunsdiivoumavesilgniiguisosduindae

a ' o ad 1 '
aflnmaasi1eq 18 Sl ilon lEiEduunumsudaumsase $35maiuldun

o FEn51n Wums@eu flow net

« 351 3d210% 19U Finite element %39 Finite difference

ki

Pi
s N N
Equipotential siusfieaiin

LIS}

. Flow line
— — — Equipotential fine

7/

! ) . 4 " ' o .
U7 5.14 18y equipotential il uduFauan 1318 Total head iU S piezometer Tl 3vudu

y
equipotential [ UREIRUTEAU U piezometer V271N
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witafuadr
2 e |
= 4
TEs
Tan AH=64h
an
Piezometer Tan.. “Tah l
Sonsadiinm flow line g I =7 T ah
wudinfiu =

e

T 550777/

»

dannfudu equipotential

, p
317 5.15 idums va (flow line) ihudunaasdafismisns naveati uazes

. .

4Aue U Equipotential line f1 Flow line 92i30n31 Flow net Favz ¥ lunmsdnamnis Tnaveaih
v z k-
uazusaiihifigalas Tuveuaves Flow net felumsiouvsiing lumaifoudadl

4 A4y v . . . . ¥ A ¥ ] a -
1. WUNHINOUIDURIY flow line UAY equipotential line VLABIVNNATUNIAU FIUTITWITONISIVYY

2enauas Iy i@ Tamsnaues dudaduiduned

equipotential iine

4 4= = HE < 2 Sl )
3. lua\ﬁ]—lﬂilﬂﬂlﬂlﬂ“Wﬂu1ﬂ$1ﬂuﬂ’ﬁ‘lﬂaﬂﬂﬂu7ﬂ1u AIUUTUYBVAUANY UL ulﬁuﬂ'ﬁqﬂﬁ 118U




gAnamans’

wuiilusauniiniz

\
/ auihudu flow line

. w
o

E3 ko
4, nsfifveumavastuauiihdusulddulafy open water 1T uidu Equipotential line

Lo

idudaelariu Open water

aufhudu equipotential line\/

flow line

: ¢ s
vinagmnssinnd v udadredu undou Flow net Tnolidunoudsi

a o 2 & 4 Py J o Y.t
1. Wﬂuzﬂﬂﬂﬂlﬂﬂﬂﬂgﬂ'lIﬂUi‘]ﬂﬁﬂﬁ“ﬂL'ﬂiﬂ%ﬁ” ‘]Nﬂzﬁ535311‘"?]1]Wﬁﬂﬂ\ﬂﬂlﬂulmgﬂﬂSQﬁS'Nﬁ'N"] ™

Tugildae

ZZ TS I Z
¥

i i 4 r 14
2. szypduvemwaiiuiit Tneveuainiwzidlu flow line 1 1y ivasmies liewnse warnudu

¥ ¥ k4 l « v 4
youafiniit 1 11nitusey Equipotential line Fuiiuidudits m31918 Total head 11y Tudsiduney

v
¥ @ @ o

Aududafniniues

I VAR

\

32y flow line ai.

121 equipotential \ wauiathidneu 331 equipotential
line iugiuh / Tails line (i
7 A7 77 A

3. wfladidu flow line
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N
@
A%, Z

4. mmidu Equipotential Taofia1s19fifnensdafiuus adu Equipotential f1 flow line 9sii&nuns

Aludu IR e 937 (curvilinear square)

? v
T
S e @ & ¥ o o o v & H y A v <
s. nimbalfuudunseioag idudafutiums uiafrionm mimivaudui lidemsia
N —
A4
\\J\LI T T \/v/ =i
\ ol ——e ) N
- P et o \ {
/ P s e R )
“ LI LT GL A

5.9 masnnaf3namslvaduniu (Calculation of seepage quantities)

i
Sas173 nave s luduawns ahin sl 16 Taems 019 Flow net tazld Darcy’s law Tumsindas

Tnavenirludu TauRa15841910 Flow channel 1 ¥84

Flow line

Eqbuipotebmial line

24 i
Total head . Qﬂﬂ%ﬂﬁ'liﬂﬂi’]{'ﬂ!mi"hm

.
8951915 1¥av9 9111 Flow channel 1 %0380
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Ag=Aq, =Aq, =Agq, =...

¥
o A . v
210 Darcy’s law ﬁmwmswlwammume kiA i]z‘lﬂ

Ag=k f’i___}i [ =k M [, =k M I, =..
ll 2 13

VNFUMTUAAITT AITAATZRUVDI Piczometric level TidU equipotential line AAAAUIZIAITY Hus1
FoAm potential drop

H
h—hy=h—h=h—h, =~-=T
d

ms navesivuduse 1 veamsIna (flow channel) fiD
H
Agq=(1.0)k—
q=(1.0X Nd)

H
=(1.0)% E)

v v
H =auuansieseyi1g head maaé’l’uﬁﬁuﬁwﬁw %38 head loss 59U

N ;7 =Number of potential drops
v ” R ,
sty mave nhsusimun Juns@Al Flow channel sfiugmau N, Fo3fe

—pq-N, =kH L
g=0q-N,= N

d

$uudeants tua M= 3 dea

$mudesiiiin potential drop A~ 11 daa

; . s
audiRnfumsgadomdiuiiesnems radndurusaihhilszgnaldlumsaaussdunihld
Wou'ld dsdredielugili
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Impervious
rowresis

[

b) Wauneuniati 14 Sheet pile agd i Idih

ik

Impervious blanket N Fiiter

/lmpervuous
e

s rrrry

- . 7/ ¢ 2
) WouneunIafld urufinii1 Gmpervious blanket) 3 13Admduih

5.10 P131¥8H Flow net 1H3UAY anisotropic Ing1%35 Transformed section

oun15 differential equation of continuity for a two dimensional flow is

8*h . d*h
‘é;c—z"{'ky——zo

k
il oz’

Fufuu anisotropic 71 k5 =k, W11 Equipotential line 40z Flow line lidafuflusyamin ustsy
ansadsuauns i I8y

482}1 +_a_2£—0
(ky Thy)ox? 822

. k
unus x'= _|Lxaeld
v
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Transformed scal

o1 o2 3 o4 5 6
True scale

i 518

I { 4 ro & . . .
aziuierumsi 1esuny x dav x' Fadlu Coordinate Tuaidaslugduiiu anisotropic soil (kg # k)

1Y
o

a ¥ as d’l
UYUADUNITHI N Flow net AU

Flow net Tunsdif ky =9y

3%8¢ x 1M Transformed scale = syozase |

o o
¢eehal 5.6
. .
Foamsafrutounsuniauududuiill permeabitity &, =16x10 8 m/suag k, =1x10=*mss Tu
v v 9
msaquis b g udowldld cutoff sheet pile Sumiteshuiiuszor 4.6 wms vef s From:
Azizi
v Jaw 4 A w 4 &2
(a) Lmﬂumﬁlﬂgmwaumzvﬂmmauw

(b) Factor of safety against piping

gammovedlygmidedaiidiu
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L
kg

P

9219 transformed section %3 permeability aiifu

kt =W'kaV

S s
imiudou flow net Tagl¥ngmasiiina1anuda

19 5.19 Transformed section

Anudasns Thaseniilenmuem

Pl
O=k N,

5
=(4x107%)5)| =
{4x107°)( )(IOJ
=1x10"7 m>/s/1m

A1U9% factor of safety against piping

Exit hydraulic gradient, /,;, 15110910

Factor of safety
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Yyinamans

ik

711 5.20 Natural section
o Tq a o Sqw AL =
5.11 “ﬁ\iﬂuufluﬂul!ﬂ3!li\iﬂ““‘ﬂﬂ§1ui1ﬂﬂu—l°ﬂuﬂ1u

P
is1aw50 1% fiow net Tumsduammi uplift pressure I8 Tassareiinvanuld Tasarsdiuon
. . = o v a . . & b
Pressure distribution %992 11201 1010526 Piezometric level NYAUU

Total head = Elevation head + Pressure head

u#i Total head VUIAY equipotential line a q D; fnneldan

(Total head) ;= (Total head) @y - (H/Nd)*i
H

(Hz)w, :(Ht)mn _Ei

Tagf i = number of potential drop from q)o to (Di

v
#314U Pore water pressure, u Sma leean

¢heehefi 5.7 vinlassadresodagdesdiune
”
a) oas s Tvaveniwiuauldre
y
b) ussduveninarziwe drhe

fmuai: Coefficient of permeability, k= 5.2X10” m/s

88|

5 Permeability and Seepage

|« 30.0m. {
e
12.0m. Head loss, H=11.0m
1.51"\.
-
]
17.0m,
ﬁuu
om 100m 200 m
R 521
Ny =44%0
Ny =17 %93

N
g=kH~L =(s2x10 )1 1.0(55-) =1.48x10™*m/s
N, 17

Pressure 'ﬁim A (Cbs)
(Total head) D, = (Total head) D, - (H/Nd)*n
z,=17-1.5=155m
p4=(23.82-15.5)(9.81)=82kPa

! L4 :
A efuaRusImamIfTInus sl o ga A fega B Widiou

9 equi. line no. Total head Elevation head Pressure u (kPa)
(m) (m) head (m)

A (o} 23.82 15.5 8.32 82

B Dy 23.18 155 7.68 75

c Do 2253 155 7.03 69

D D11 21.88 15.5 6.38 63

E D12 21.24 155 5.74 56

F D13 20.59 15.5 5.09 50

G D4 19.94 15.5 4.44 44
D1s 19.29 155 3.79 37
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u (kPa)

1/ 5.23 §1401 piezometer 11313 1. 397itdu equipotential yudug ez 1idagy

s
vinmsdnatilfismauiulieh vadugeamaudusngesgy@ondsnulallunslna a1n
v

9 .
- ° &5 a a °
armiiis nihldyszgnd lunushs Tasmsiusseemadiuveah

Filter
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Filter

L / / I

[ v v

v by o i a v o
81219 cut off wall Pdnumilethegi ifszozmantiudumalnavu wasus i finssfine 1dvhe

.
aADINIY

I3 k4 v
#206797 5.8 Sheet pile Wi uTnssadufuduiissdfunhdaumandnunmsasinis lrave s
- ¥ o
Sheet pile U I UIBIIIAYA A Liay B

fimuad: Coefficient of permeability, k = 5.2x10-5 m/s

@D,
D,

EL 1355

(EL10.92

@

\ BeS

A ST
7 EL0.00 a,)’ : ¢'p, Uk @y s @ N .
/ % &« rme;blestétum’/%/ .,
Azgyivnvnuvbv /ﬂézf /ég
om som 10.0m
il 524

Total head loss =2.5m

Nf=5 %983

N 5
g=ki =L (52 10‘5X2‘5)(;~) =5.729x107 m/s
N 12

Nd = 12 783

Pressure ﬁq@\ A (ch)
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dyinamans

(Total head) D, = (Total head) D, - (H/Nd)*n
=({16.0)- E)(2)=15.58m
12
ﬁwmmuiqﬁuﬁmm Head u = (H, - z)}/w
z, =10.92m

u, =(15.58-10.92)*9.81 =45.74 kPa

Pressure ﬁﬂﬂ A D P

(Total head) D, = (Total head) D, - (H/Nd)*n
=(16.0)— 25 (4)=15.16m
12
funusedininn Head u = (H, - z)y,
z,=6.62m

ug = (15.16-6.62)*9.81 = 83.7 kPa

5.12 Seepage force

PR
A o

3 4 a A o Y a = wa;
owihlmugavesduds lluezenilfifansTdeduaun
A913801 Block Yo sAudaiiudIui equipotential line 1ag flow line Aafiu

Hydraulic gradient

~—

hf
" ¥ /
- l \
Flow b Flow line
*‘f"-} Area, A f [

5 Permeabilitv and Seepage

: v - 4 » -
dioh varuAuszifans ullesninms Tnaveningssiodu (Seepage force) U1 F3 Seepage force

i 525
¥ .
o CO- 4 ¥ =y
usshuhdwdelie =y, 4.4
¥ o
ussdmhidwnile =y, 4,4
115

v s
wufinhidadenrmntie 1 miw =(A1.0)

o s $ § o )
Sasdaufiugade 183 unann Seepage force = (A7) (1.0)
Hydrauii dient, 7 AR

ydraulic gradient, i = —

Al
da 4 e v
useiifieifioseinms lwaveni (Seepage force) iy

=7wh1(Al'l'0)—7wh2(Al']'0)
=y, -Ar-Al-(1.0)

Ah >
=y, —-A) (1.0
722 (Y -.0)
J=y, iV

»
fary Seepage force per unit volume

LA
v Vw

5.12.1 n38in13 Inaluuafalnaiy (Vertical seepage)

w

ad o £
nsaiAi lvadu

IRERRI

: p
714 5.26 nsdirinInadiemisns dwfuusaTdueae

159178 Critical hydraulic gradient (A5@if ' = 0) W nauns

0 = (=1 YD)+ i27,

’

7sa1_}/w=l_

jo=lad

S Vv
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add
nsfifith lvaas

9

31 5.27 nsdimb lwalufiemadeafivussTidugae

R O (ﬁ— h)

5.12.2 nufden (Boiling or Quick Sand)

Boiling ABan1z# Effective stress Tudwdugudirhiau limunsefuusinsgininnouenldian
v
M3 Inaue i mIu Sheet pile

Element of soil at surfact f«— Sheet pile

on exit side

Area, A

e
7]

Effective stress = s-J

51l 5.28
v S a . -1 2 &
gy nansd Effective stress tadu Shear strength (WYY

9 ¥

Fudherinadiudl Effective stress anad Shear strength aARY
J = upward seepage force
S = downward gravity force
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S=(,~r.)v
. & = . @ o - wa o
81 Effective stress @ugud (s = 1) dladuaz hifimsungfumiaufinuauifimiouve unar il

g 22 A
wuthyjadunuriiewinien

)
a s

Hydraulic gradient #an12gHi3on 1 critical gradient (i) $ 1170 Mo m

S=J
(}’,—}’w)'VI}’wl'cV
i :7:_7w :Gs_l
¢ Y 1+e

M . ) P . o qva N P . 4 o
1 Hydraulic gradient iifi 13100917, 92 11fin Boiling 4 £, 95¥uegiu aAnumutniuveuiindu
HarMsIuInIvo Y
& a da « 8 .
fudafunianumiuniudwasnady i dssuio 0.6
¥ & a aa ' e
fullpAuitianumuunivgauesiniy i, Yseanm 1.0

v
7911 Factor of safety against boiling 11 1831nM15H9 1587 Block ga 10404 Flow net Tuduiisiilva

vonlay
Head loss = Ah
AWMUV Block = Al

v ,
#9311 hydraulic gradient #1u#i Inasende

ey
“ A
A
};;):;nitng = T

5.12.3 Piping adjacent to sheet piles

. & 4 o 3 o4 a4 o & 4
Terzaghi (1929) Aatiduiielafiusswuiniloswinnms nafiawiduus wile saaus uiloeninuse
v o v a 24 A a < 4 4 & a v aw 2
Tiuaasveslannizdhiaedu i lnaruduszlinnudigeiuiemndadugaussiudansiuuay
uenInAY (910 “Background on failure of Teton Dam, I Roger D) tnaisilumsideniaqnyes
(Filtration  Criteria) 1#Aun1Tao Terzaghi 1l e, 1922 uaz 18limsnans i@y Tau Bureaus of
$ : S sy s
reclaimation, %3 TAwouns Tull 1947 mi fivea Filter fomsilesfumsggdudiadauldiuns navenh

. o v o o :’ dy . .
fiRa91nAWLANAIYD3 Hydraulic head (M3 gapdediadn lfnhilSend Hydraulic piping)
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= L4
dynnamoas
100
dys
| Soil in contact
80 with filter
g
2 60
©
a
<
@
g 40r
o Suitable filter
material
20 +
0 . . : ; . . .
10 5.0 20 1.0 a5 0.2 0.1 0.05

Sieve opening, mm

Uit 529

LS
Terzaghi 37 Critical hydraulic gradient 3 nSlusmsaduimoiifudasidiusznitamizouss
5. 8 @ o a { o l Y . 5 a ¢ A o
sz @nnaduus s ludu Wedasid nuiify 1.0 mitousslsz@nnavzdiugudiiiosniaus i
5 At w & a a d 3 o s 4 a 4
Lﬁﬂﬁﬂﬂfﬂiwlﬂﬁl’ﬂ'u‘n"lﬂ‘l]uTﬂuﬂ’uﬂﬁﬂu“ﬂﬂnlﬂ muumwlﬂui}zaﬂﬂ‘i‘jmmzﬂﬁwtﬂummmuaaﬂuazgn

14 4
w1l aszuaumsiiiSondn Hydraulic piping

% Finen

HEALING

D sizg

1YPE TR
COonD SIMPLY BE DUE To PARTICLE - ot enovgh of the coaczer ranae.
SESREGATION DURING HANSLING
ANRD EMPLACE MENT

~mede] after PYLES snd ROgERS

iang decm seepage Qur&*}-rﬂs
- Tuypes of adsarbed 1as in pore waier ofc,m
“ ghemistrg of reervelr water

oamotic gradients 3D (acceasec] wrosien § dispeesimn

4 Al - o o 4 e
71 5.30 naeTuvsie - WlunseFuemsgnimzuesdiuilossin Hydraulic faitwe 18

v
=1

M3 TAI89910 piping Aeiilosnmm g iiiuddudadl

e Soil grain moving apart
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* Increase permeability
o Increase flow
* Quick condition
o Loss of strength
» (Catastrophic collapse
- ; 42 H R o o .
F91301891V89 Flow net S1uf1111a08n &3 Terzaghi TAnagouunusimomals q uuvuaia gy
L. a = A Y - @
Piping 91fa luySnaifiniuniie D2 uaz An D fagil

n-numvmm

v

mTtRkuTeutuR Dx D72
44 Terzaghi (1922)
alenmavessLLLLIIRDY

-
/
.

%

. _h,
I = _D
I I
Block of sol prone to
piping failure
variation of total head
Total head

simnvesduly Block flogmilotato Sheet pile, W fio
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5 Permeability and Seepage

(SR

J

W= 7sub(d)(

33

1
= —7sub(d)
useiuihfinszieie Block
d d
=y -de—+yid—
water = Vw 5 Vw 5

Piping azifiaiilo Resultant force = 0

1 > d o, d
~ @) =7, 'd'z+7wl'd"2-

2
g8
lz}/sat_},w :Gx_lzl
Vo I+e °
#9114 Factor of safety against piping B
FS =l
piping =
lm

A

e
. R
{,, = Mean hydraulic gradient [, = -d—

hy, = Total head imfoiinawdn d (Fap)

#8873 937U Factor of safety against piping ¥4 sheet pile ﬁﬂgﬂ

1._

AV

__{1.25m

7R

2.5m

£
&
T

=1 g

13

o

it

3

g

2

K3

5 &

y v
Total head Total head

=3.48m / =2.68m

wadu Total head=3.08m

i = !1—”1
ay D
ar ] o 1 9 9 u’: ar
#et dhensuniataadieBuudunodag
o ™ HET AT T
2) v Suans navenhwuduldshel
. . 3
b) 2R WIMN I WNAT (Uplift force) Anszihasswdall
fimunli: Coefficient of permeability Y8051 &y =9x 107 m/s, kV = 1X107 mjs

L r
1

50m

7.2

Uit 5.32

A a a e oS »
(U INAUNAT K ulllwnﬂui]\iﬂa\uﬂjﬁﬂ scale Iullu]uauﬂi}ﬂﬁﬂﬂ'ﬁ

= 1016

ki
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5 Permeabilitv and Seepage

Transformed scale

it 533

ke . 'V > ’
d2u Scale  Tuunadslidealfoumlasez 1831 Tassadredsgl nfwdion Flow net asluy
Transformed section 1nol4351/nA
y :
v1ulas Flow net i Idndusuily True scale Tnouwio Scate Tuunasw Wil 3 v

1 Permeability ERTTEL)

Epvorar = (ki Xk ) = /(12107 J9x107 ) = 3x107° m / 5

szafutlunsalimdly Anisotropic  soil 1du equipotential line WAARUIEU Flow  line L‘ﬂugﬂ

Fmdsuiiug
Number of equipotential drops, Nd =1
Number of flow channel, Nf =3

N
=] 3
g=(x10"? Xs)@-] =643x107m’ /5

.
da3115 Tvaventiwinldehe = 3.9 Aasdeutd

123

Pressure ﬁqﬂ A (d)u)
(Total head) CDO = (Total head) (Dﬂ - (H/Ndy*n

= (12.2)—(5—;))(0)= 12.2m
N

Z, = 72m

u, = (12.2-7.2)*9.81 = 49 kPa

Pressure "7Iim B (@l)

(Total head) q)x = (Total head) q)o - (H/Ndy*n
= (12.2)—(%—9)(1) =11.48m

z;=72m

u, = (11.48-7.2)*9.81 = 42 kPa

Pressure “7;5191 C ((Dz)
(Total head) (DZ = (Total head) (Do - (H/Nd)*n

= (12.2)—(5—;))(2)= 10.77m

z.=72m

u. = (10.77-7.2)*9.81 = 35 kPa

Pressure “Tl'i]ﬂ D (®@,- D,
(Total head) 331319 P, fla D, = (Total head) P, - HNd*n

= (12.2)—(%)(2.5) =10.41m

z,=72m

u, = (10.41-7.2)*9.81 = 31 kPa

dnndoudiunssiuldrheldf gl
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49 kPa 42 kPa
31 kPa

ok

1l 535

¥ ‘
@ Y Y a

o : o o o i o )
anglesdiuldhussduldgualssaduiusseznafiii inaru dufuddeanisfiosaaus wiuld

.
she 1l se AnEamisatsasi s amans nagndu

5.13 M31% Finite Element Method lunsmuam s naveai

.
31158 1937% Finite Element Tumsdnamy lvavenir 1@ aedredis

g Y W 7 2450 (6D

5 Permeability and Seepage

1310

7 1650

g Mo Te e

+1000

200

5 g P ——
. AR o
=97 ° Retef vt
8
®
200] Cutof lavel s based on
_ Lt prekiminary information anky
1000 7 ¢ 0w
250
Ez 3050 | 200
4001 5280 l
Soale

714 536 Tanéilgiidesnamsdnn
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-2000

80,00 - A"‘)(!DO 120.00

7

!

71% 5.38 irmems tradi Mo nnsdum
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5 Permeability and Seepage

Vghnamans
. -60.00 N 40‘ 00 ZOI 00 X 0‘00 N 20\00 40|00 . 60'00 ; GD‘M . 10q 00 N 120‘.00 1‘0,'00
eo.ogé
40.00:
20.U|7;
.._»—”"A’"I"'“’“—m_’—
] - —
0.00 et - -
..,/// T i
1 | e 4/; '\\ |
3 - //.' ] i
- /71
/ oy
] / AN ;
00| / // [ | ;’ { N
E [ A L

; »
U 5.39 uussfniwniafy

5.14 AOIUNIBUN

1. vinlaseadrerhoFadiientsTua (flow ne a1l aadmam
o 2 A ay ' ¥ 4 .
a) 8a5ms ravenhwuduldvhenenunfanilamion
v
b) usaifign A, B, Cuae D
o ¥ o P vl <« -5 3
fmuald: dudsztnimslvadum k=5x10%m/s uaz 7w =10kN/m

Midterm Exam 2-2548

30.0m. I

ik

13.0m. Head loss, H=13.0m

127

4. 91nTA399519 Sheet pite dmTuuynTunsiemugy asdanm
2) Sns s waveniiwenwndie 1 miaw

b) usﬁuﬂyﬁ;w A

¢} Critical hydraulic gradient, ic

d) Factor of safety against boiling

v ~

Sheet pile

S - . 4
V// D jrprmete susund 0

om 50m 100m
ST S S T T S SR SO TS

i 5.41

1. vinTassadrehededivioms bia (flow net) Aegal vedmom
o J i A aqw ' ¥ 4 .
a) 8a51ns Inavenhwnd@uldrheseaunhaniloniag
b A
b) usedwinga (ilsaudn)
i d
o) sinhlunsioausenin sheet pile
P QJ . —
foua W danlszfnims lwoduin k =5x10 m/s wog y,, = 10kN /m®

Midterm Exam 2-2548
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'

Filter

g1l 5.42

21031 Flow net uﬁmms'lwaumt{ﬁan <} Sheet pile

a) safaanans rave i Sheet pile firowns
b) miﬂszmwami:ﬁm‘;ﬁa sheet pile

c) Factor of safety against boiling {18 heaving

fimual¥: Coefficient of permeability ¥BINs 18 k = 3X10° m/s, Gs = 2.65, ¢ = 0.6

Ground level

20m Sheet pile

Water level

40m

30m

Impermeable layer-
SIS A

gﬂﬁ 543

9 v v
o v o @ o o v o 1 -5
v nraus s@nh drhedagy nfeuvisdnnadasinms navesivinwhe £ =5x107m/s uay

}/w=10kN/m3

129

5 Permeubility und Svepage

7/ \mpervious

riseasss
om 50m 100m

Ui 5.44

Fig. shows the cross-section of a long cofferdam into which the flow can be considered two-dimensional.
Sketch the flow net (to the right of the center line only) for this situation. The base of the soil stratum is at a
considerable depth. Determine the seepage into the cofferdam (per meter run) if the water level inside is
maintained at excavated ground level. The coefficient of permeability of the soil is 0.015 m/s in every
direction.

Using the flow net, determine the distribution of water pressure (expressed as meters head of water) both
on the outside and inside of the sheet piling and indicate the values on the left hand part of the drawing.

Comment on the stability of the proposed structure. (ICE)

B.H.C. Sutton, Solving Problem in Soil Mechanics,

| 65m

i
1*

1 1.8m

7.25m

3.0m
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6.1 agilszeen

¥

- v ' Py vy A « R 4 4 a ¥ Aa A
ﬂuL‘ﬂu'Jﬁﬂ‘VluﬂﬂﬂNﬂWﬂ’Jﬂﬁ]ﬂﬂﬁiN@u"]Lﬂiuﬂﬂuﬂ?ﬁﬂiﬂn’!ﬂﬂ Luﬂﬂi]'lﬂﬂul‘ﬂu?ﬁﬂﬂlﬂﬂ‘lluﬁ'lil

i

P A Yy 4 a
53573114 anvsaudsznoulifodiady e ua

nizoussluduis IRl urealszinnde

ssure)
P

s 6.1

v »

« wioussfiAnduiiosnimimiinussne (applied load)

6 MHIEUTI IUUIaAY

Ground
surface
N ¥, = Total unit v i
1 weight of soil = !
I
l ¥,= Total unit i
[ weight of soil !
]
h, T | h
| " |
i
!
1
h, T o, L. oy
N
- A4 \\
AC ',\) —L e —
oy
o, =yh

o= 1yt 1Nyt 1shy
. . »
317 6.2 mydnanmioussluduitesnininninnaiy (Overburden pressure)

. J = o ¥
wHIOUT RN TuuIRe o, WA ' ldnnauns

o, =rh+1rh 6.1

aun1sa1lves Vertical total stress
n
o, = Zyihi 6.2)
i=1

b4 ¥ r
y; wiasihminganvesdy o Fui i
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Aginamani’

¥ .
B avwmneadu u. dudi i
9 .
n Swududumilegaiiiosan

Ed
P ' @ a ‘o Y .
ussduth lugesnadiadu (Pore water pressure, u) 3ZINTAUAIIUAU Hydrostatic

u=yh (6.3)

W

p v
¥, wHabhmnveaih

=

o 2aya P
l’lw 7:03%1ﬂw’!u'ﬂﬂﬂuﬂ\3ﬂ.ﬂVl“Wiﬂiﬂﬂ

6.2 MeN39) 55 8NENa (Effective stress)

a4 a a

o . o a - ¢ v 4 &
nanmsveomizusalss@ninalinnudny i nlyfinamansegiann ilewinmanldouglves

1 9 ¥ v .
Awszauedfumironsalss@nFramniy wihousalszdniraez 1¥iumitsus sdeaminminiudeez 14

|

Tuldfumitausaion

WBI TN wiwusnlssinius . waadiuiludn
(Total stress) (Effective stress) {Pore water pressure)

71 6.3 ndnnsmisous adseAning

miousaluinig (Vertical stress)

o, 101333 (Vertical total stress)

o’ wiasusalssAnEra (Vertical effective stress)

u srwdnihserheshadadu Pore water pressure)

Y ) v
F91{% Effective stress (iioanmimiinnanuvesdud i lden

o, =2 b —7.h, (6.4)

i=l
T =) —~
6.3 whausaudenlufu
A R @ “ P 2 e .
ilesnimitianansafuusailon’ls iy Total shear stress 31%117 Effective shear stress

=1 6.5)

T Wiousufeus I (Total stress)
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6 WG TuwIaau

7’ wiwusudeuilss Fnswa (Effective stress)

Effective horizontal stress o7, dewmiminnafuvesduezdnne onaums

K o Coefficient of lateral earth pressure at rest

Total horizontal stress G, A Ionaums

dmdumizous alsgdndralunnasiuondon

uaymizous wlszdnimalunursiuduna Wlaonisgamizous alss Angualuuuadsfud
Hnlsgansvoamioussdmdraluanmagulinioud (Cosflicient of lateral earth pressure at rest) $14

aumsfi
o, =K,o! (6.6)

Fetai 6.1 mﬂ;ﬂﬂguﬁmmﬂwfhﬂmﬁaﬁwgmﬂﬂwﬂﬂsamswﬁaﬂi:ﬂau'lﬂﬁaa%umwmn 5
wmsdnaslifududumionnn 13 was i’x'wwﬁuﬁlﬂﬂyﬁuasﬁl‘wﬁn 4.8 1WATVINAIAUIUTOULUILAA
miousaee il

- miheussrm i

b) mbgusalssAninalunaia

o) wieus sz dninaluumany

@) mizousesanhunnsy

o useduiludn

o 4 3 - .
fvuald y =10 v’ uaz K,=0.7

o (kN/m?) u (kN/m?) o, (KN/fm?)
o 100 200 300 O 50 100 o 50 160 180
0.0 ¢-0.00—— 0.00 N
2.0
53.20 5320
4.0 1
_ 97.20 7520
£
N 604
8.0 4 1
10.0 4 J
193.20J 111.26

2l 6.4 ifuuvesmizousasnmazmizousalszdniaalunnda
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o (kNim?) u (kN/m?) an (kN/im®) |
o 50 100 O 100 200

0.00 ~

0.0

20

— 37.24

4.0 1

74.64

z(m)

6.0

8.0 4

10.0

82.00 159.84

107 6.5 ifunurvesviiions ssauuez s slse Antra luas

6.4 Watii0a91n capillary

V. P Y & o & . 4 al w0 S ma '.. '
sldmswuudindulszaon W drufiadud Bilssanuiluifo@ o fudaing dideaiaszning
& o & 1 P od e A a ? . ada @y o 2 awa @ a A
waRuaIreIiITz hedaautienasiihussqeglundiduegldsednhlday dmfududiogly
a8 _a v Java a o ad @« s o ¥ v o
vinudwesrsAuihldaufuimeiibussgeglusesiie dsingnseliinsuie g lavldndnaanis
5 44 o e { a ‘ H a H H .
#andineafualsingmissiuaddad dudedlelinaeavuiadnquacluiit ussdsimeninzgailuse
v v ¥ » v
Tiisgdubganiissdnhiivaeaguashl Fusawisesiuienganssuiiludu 1 Taofadaugoues
W i v v 3 :
ussdshivenh T futmidnveaiigrenseduivlldusyes 2 draumsh
_ATcosa
7ud

Z

e

6.7

a ' ¢ a Y ' ‘ & e =
f’fmwmm“lﬁmmmmrﬁumfjuéﬂmwaaV|am}ummmmmwm’nﬂummuﬂ:"l@’fﬁumiw

1
Z, oc— 6.8
B (68)

o v o a

& I a a -3 o g 9« ' - ) o 2
NTUMIN ﬂ3“’7u‘lﬂT]ﬂ']’]ﬁ’N')']’luﬂ'NJJ“Uu']ﬂmﬂﬂ&'“ﬂ1111“]16\7'!'Nﬂluﬂu"ﬂﬂglﬁuﬂigﬂnu'ﬂﬂﬂuuu'l

» o
¥ o | ¥ w o

rd e A o A & a ' (.a fa A w
UITFBYIAY (AUBUAINIBUT) AIUUAUNTIIATIBUAY ILVUIAYBITNNUAAANAUNT 1R IUILUTLAY

Capillary zone §an71
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6 MIBUTY IuNIaAY

71# 6.6 31§ meantsiia Capillary Tudu

¥ . o 9
uaznsifin Capillary 9z 1¥us s wh lufuduaniilosnininggnus i@sfiafe Aaunitous
slszAnsnalu capillary zone 9d 11420 Id0n

]

fo2 =o-—(—ywz)
o'=0+y,2

Fetad 6.2 FuRvuesTnsamsnitalsznoy gaosuns ewan 5.0 wassaas Tl duduiumiion
MU 13.0 A3 Lca:szﬁnﬁ‘ﬂé’ﬁuadﬁszﬁn 2.8 ATIINAIAU If WM

a) mi’wuianu“luum?; 9 (vertical total stress)

b) mibous s AnTnatuuan (vertical effective stress)

o) mitousalsz fnEraluuuas 1y (horizontal effective stress)

d) ¥3015 9593 IMIUI5 1D (horizontal total stress)

R0 11.0 aMTINRIAY

TR
Sand
280 7= 19 kNim?
¥ _
Saturated sand
"C 0= 20 kKNim?
h, =82
Clay
.00 Ko=07
,= 15.7 kNim®
=t E] U
a) Vertical total stress
o, =Xyh,
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o, =(192.8)+(20)(2.2) + (15.7)(6)=191.4 kPa
b) Vertical effective stress
o.=0,~u

oy, =1914--804=111kPa

Pore water pressure
u=y,h,
=(9.8)8.2)
=80.4kPa

¢) Horizontal effective stress

op=K,o,
=0.711Y
=77.7kPa

d) Horizontal total stress

op=0p+u
=7177+804
=158.1kPa

o 44 & s F) v 9 o 9 I oa o
#edd 6.3 Fudu o Tassnaniinlszaeudredufunswonn 4 wasdaas i duduumilonnn 6
¥ : b .
s Tsgdnhldfuegisedy 4.0 wasowiduuasimbnimindagdasdnonm a) wiousasaluunda

. ) s a A . . s 2
(Vertical total stress) #az b) wiiaousslssinTralunuafia (Vertical effective stress) Hyadnanaumn

v
yseFuAUMTLED
i u TR TR
Sand
400 ¥,= 18 KN/m®
T3
3.00
Clay
6.00 & ¥,= 20 KNIm3
3.00

a) Vertical total stress

o, =Zyh
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6 yiaus lunsady

o, =18(4) +20(3)
=132kPa

Pore water pressure

u= 7whw
=9.8(3.0)
=29.4kPa

b) Vertical effective stress
o, =0,-Uu
o, =132-29.4=102.6 kPa

a v

! L :
#196137 6.4 10819 Ex. 2 Aoy, = 20 kvm)) wosdlufininhenn 20 mas v
AUIBM 2) Mious s luuuad (Vertical total stress) uag b) wiasusalsz@ninaluuuids (Vertcal
: 1 L Ed
effective stress) figATINANANUHUMBITUAHTTN o, avulhnusneauriwduhedlumam

Hydrostatic iagfaogiszau@y

T
iy = 20 kNIM?

Sand
%= 18 KN/m?

Clay
608 a8 % = 20 KN/m®

3.00

. . . .
seduthegludgnm Hydrostatic nueauat iflussdwihdudmudaiiu ludum ey daiudsdnnm

] . ] P 14
Taeldaums i 1Fa 1 Effective stress Tdannlng iissnnaufuduufownfiomizons iimiaduss
e
sy Ay, )ﬁll

a) Vertical total stress
o,= Z}/ ihi

o, = (20)(2) + (18)(4) + (20)(3) = 172 kPa

Pote water pressure
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u= ywhw
u = (9.8)(3.0) = 29.4kPa

b) Vertical effective stress
!
ol =0,—u

ol =172~29.4=142.6kPa
6.5 MiENIsluAMHBI0IAN5INTLYI19INMBWEN (Applied load)

asAme luilgizmisdivae sz lug 1dun

o) fnalayl¥53 Analytical - $113891 close form solution 1 AR uilamit idiarwdudeuls
fnamiioussgndes lannga

b b f e Iael¥3% Numerical - Aruna Taoisduiuddmudves ?%f:mminﬂ"mamﬂaulm‘lu
pliududou'ld mizousefis o dunslsznm

mi'mmaﬁsﬁﬂﬁuiuﬂ“mﬁ;awmuiamauan (Stress from applied load) Boussinesq’s equation

da

1wl 1885 Boussinesq Iteruaaaunsd miunmmizsusslnaduifiaainussngiennisiinmiay
~ a o & '
TnoliausAgunadl
k4
o Fudluiile@erfu (Homogeneous)
o fingAnssaumilousunaiianis (sotropic) Aredramu’linlazesnusenszirluianislass
Tanamioufuaue
P

o AUNNGANTIUUUY Linear elastic

a a ¥ o _as ¢ = te a - .
. ﬂul}ﬂ’ﬂllﬂ’ﬂ\'ﬁlTﬂmlﬁﬂ'ﬂllﬂﬂ‘lnﬂ1ﬂﬂ (Semi-infinite)

139
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6.5.1 ihsussnmatuludwitesnnusenszriuiluge (Vertical stress at any point under point

load)

Point load, P

A

z r

Infinite soil
thickness

3
3Pz 3P 6.9)

2752

o, = ==
27R ,
21z 1+(—)
z

A w

Faed1e Wusarsoo N wasziudiugeegifdudigesdinaavnmizeusshunnfuilowinuss

v .
nsgihiifiamEn 5.0 wasl@gafiussnssi

5
y 3Pz’
1éaun138e Boussinesq &, =~
27R
z=5m
R=~/rP 4+ =40° +5° =5m
unus luauns
1500)(5°
- O _ 5 6pq
27(57)
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6 miguse luwiaau

6.5.2 mbansdunnfianiglfhuinus s line load

Line load,
Plunit length

infinite soil 2 R
thickness

3
2Pz
= (6.10)
7R
6.5.3 vishisusdlusnafuiediusanizyuuy Uniform strip pressure Asziiif IRy
3 B 1ua Wioeeitag v
poumniniy
Oy
M ' wintvasorily trdiou
it 6s
o, =€[a+sinacos(a +2/] (6.11)
p 4
o, :g—[a—sinacos(a+2/)’)] 6.12)
T
2
o, = Ay
V4

Tauh
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a_m,l(x—B/z
z

#9613 §I1UIIN Strip footing A3 3.0 AT IR 90U 50 kPa  ATTRRIAY asd AN
. v,
Asznsvesamizons hunnauilssnusinsgiiiianadn 2.5 uag 5.0 was
WudEasunusaumsetisasalasan Ben Saansa W Tlsunsuedsadnivueee ums

Ao ddeg

MsANa§ s InuL strip footing

amnTwsaspuns 8 . m I:—\“Sf—‘——*i
wthmunlusadeniandingy, g | 50.00}kPs s - .
wuankufonarsmasgurn, x 250m ik

armfnsvossadiam, z 1¥Eim >
33 B = 2an{e-BI2yT) G.518)ratian ’\,‘ !
11 © = AlAR{(x+ B2V} 58| raman \}

15\}4{
X
\
wiw=68 ¥ 538jratiam | 6 )
i i
#11= {asing cos(e 2 o , \ @ J

Wihoats 0, uE 2.5 was derwlia 1 75mas [ eostjkea

8

B8
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)-—:.oo—>
T a=sowea i

,—lf\ 31.25kPa

ATTHTTIN
! PAIITEN]
! o .
, Fiaain 2.5 wms
i
i
i . .
i

_ /__\ 18.04 kPa ps—

e

¥
o

4w - 2 a o @ Aa o a P - . '
HIBOINSANHINIDNTNAVTULTIAUNANIAUNINURDIRNISIYSULTU contour Tﬂﬂimiﬂﬂ!ﬂiiﬂﬂmsﬂu

Tilsunya MATLAB dudy

%plot principle stress contour under a strip footing
% by Pornpot Tanseng, Suranaree university of technology
clear
%Input
B = 3;
q=1;
% calculation
for runz = 11200
for runx = 11200
x = {runx-1m20;
z = {runz-09y20;
beta = atan((x-05*B)/z);
theta = atan((x+05*B)/z);
alpha = theta - beta;
sig v = (g/pi)*(alpha + sin(alpha)*cos(alphat*tbeta));
sig h = (g/pi)*(alpha - sin(alpha)*cos (alphat2*beta));

1

tau_vh = (g/pi)*sin(alpha)*sin(alphat2beta);
xco(runx,runz) = x;

zco{runx, runz) = -z;

ico(runx, runz) = sig_v;

end

end

% plot contour

contour (xco, zco, ico)

view {2

{C, h] =contour (xco, zco, ico);
clabel (C,h);

i 6.12
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U7 6.13 madwidi Idvnsd naadasTusunsy MATLAB

mihous siifAndue weiiauanaaniamiieus s 18910 au13ve e Boussinesg a1 1aitasninan v
fuvssezannauyAyiufe
ag a4 wyd a
o SFudundiegladuau
a f a g s oA £ 4 -
o @'l Homogeneous ﬂuﬁnu“lwm:u Stiffness WUV URTUAIVAN
o au'laifinsiauiR isotropic INT1EAU Over consolidated clay 33 Stiffaess Tutuas UL InAITIM
HUIRS
o fuvnsyiia bifigeeusid Lincar Elastic
» ) ;
AUMsYBY Boussinesq Tiniinegnszifidduuagiusini lleznsegldmau dwsldrunisves
i
Boussinesq Miaousahonadudawseauydliseduduegasszdugiusn uasiminnszaey
11 Net applied pressure, gnet Tagh

Qnet = Gross applied pressure — pressure of soil

6.5.4 mihensabivtugivaanziizusasiv (Bulb of pressure)

. 9
14ferun13999 Boussinesq A miaoussiifaiuluyiadu a. 3919 q uduTou Contour line 92

I¥idusagal FaSon31 Bulb of pressure
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Strip Square

qlf 614

6.5.5 mssusshnaaulaniensenseiusmanmdou (Linearly increased load)

o &

defussfunsziimauduglmumdsnTasussnsziifianwenhidrde lunsdunamisous
. v
luwradwilosninussnsziiid w8 Taofa iy Siip toad 1Benound T e5unayes Strip load 190

P ¥
aufulaens Integrate ARDAANINAIN B

il e ndon

. da 4 4 .
NUILLUTINNAVUUDITA Strip load

145

6 M aees luuanu

2(% rdr]z3
alee—rf2 422}

A ' Y Y v ¥
BT INHBUBALOLEBBIUINIIAUAILNT Integrate ARDARIUNIN B

do, =

r=B8
yooy = I do,
: r=0

=

6.5.6 mbaysdlufnldguangdensaUdmaandui (Stress beneath a flexible rectangle)

aums Iunansaadmibeus dilugansziegnnyauunseufvoundia B o1 L uasmideus
y e

fnarlderegiys layuminlufyvespusinwiiiu fufuiiliazduna e icnizens diyuves

L2 e . A A ¥ yac 1 ' '
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fiduarniaa e lhnsodielHd
8, = 90U Sadleliudatndefieumiols

Heansonfranudaiuniiend U, = 90%
gailfianuilsrmdfiaznudusielulse

o)

:: Permeable - i : : i :.;Permeable
133

¥ a a e v s ¥ A - o van v

#3179 Embankment uuAumilyigou (i Saugeiiferenidansiiala
s

117 Consolidation W11 Void ratio anasAuiihdagedu

L4 .

fatiunse 9 mna1wgs lasdaes 1Ay Consolidate 9unszWeiifida (Effective stress) 1Hiuane Figain

Degree of consolidation

4e
© Y
g
g
z
S 4d,
@), @)
log &,
N 734

NINIAT Coefficient of permeability, cv
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f1 Coefficient of consolidation IasinAvzanauile liquid limit vesdwwudY Tumsmial cv 221433

Graphic s

i

Initial compression
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4.50

4004 85 Primary
cosolidation
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Dial gauge reading (mm)
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2.00

e 1 IIIIIIH‘; | L 1o
0.1 1 4 10 100 1000 10,000

t (min)

1 735

1.7% Logarithm-of-time duduslay Casagrande 10% Taylor il 1942

i dg, 50ﬂ157|§ﬂ¢7’1ﬁ degree of consolidation = 50% #a1/uaA1 Tv Famify 0.197 A1 C, T&anrums
0.197d"

¢, =—-

v
z‘50

2.7% Square-root-time 1 e Tag Taylor il 1942

5.00 J —

mitial comprezsion

+

450

4.00 4

350 1

Dial gauge reading (mm)

3.00 \
a

.
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Ji {in)

7 Consolidation

p . s
Tunséifl d,, Aomangafail degree of consolidation = 90% FeilueA1 Tv Janiifiu 0.848 A C, Tdein

aums

2
o, - 23484 @13

t90

7.7 fREIINTTATHIN

F
o 3 @

o @ {2 ° « 4 ¥
AI0Y1I HANTTINATOU Consolidation ‘ummamaﬁumﬁmﬁaumﬂwmmamwﬁauﬁmluma1:1 an

ANUNUTVBIFIBENABUNATOUAD 19 UL, JIANIUNIAT cv

Time from start Specimen
of loading compression
(min) (mm)
0.00 0.61
0.25 0.96
0.50 1.06
0.75 1.16
1.00 1.24
1.50 1.35
225 1.45
4.00 1.60
5.00 1.66
7.00 1.73
11.00 1.79
16.00 1.82
30.00 1.86
90.00 1.92

9
#1081 Fudumileanun 10 wasuasfinansnadey Consolidation fegudronfuauildiiniaoussna

a

fRdaulu 48 kPa 991U IMINART8991 Primary consolidation
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48 kN/im?

1.10

1.08

Void ratio, e

1.02

1.00

40

60 80

Pressure, p (kPa)

100

fet189 7.1 Normally Consolidated clay H141 8 1Uas 1 net uniform pressure 60 kN/m2 AsZMIARIAU 99

. ” s )
walSummaniaduiisaninmsdadaninilfssdnhldduegnseavinau

Auantavedumnile
Bulk unit weight = 18.8 kN/m2
Specific gravity =2.72

Compression index (Cc)=0.12

. , ,
anudulufvanauFaduain 36% AsedufAuie 28% inudn 8 m

2
60 kN/m! Water content (%)
L e —r—
= 36
2.0m. 35
20m 3 33
N
2.0m 3
2.0m. L 29

28

;ﬂﬁ 7.37

Stress (kPa)
20 40 60

80

\(c/‘

Ao

v
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7 Consolidation

% Cc=0.12
2
S
log o', (kPa)
a
P
7.38
Layer Layer Depth @ S Aoy o AG Ae=C.SP Wy 8 =w'Gs Y
o C o, tAc
thickness | mid layer { (kPa) «Pa) | P =l ( - ) (%) o= [l »re "’4’%”(” }
m m “ o
1 2.0 10 9.00 56.4 0.861 0.103 35.0 0.952 0.106|
2 2.0 3.0 27.00 324 0.342 0.041 330 0.898 0.043)]
3 20 5.0 45.00 16.8 0.138 0.017 310 0.843] 0.018]
4 20 7.0 63.00 96 0.062 0.007 28.0 ©.789 0.008|
Total settlement = 8178 m

7.8 mil‘s‘ﬁ.nﬁﬁ;ﬂé‘f) (Pre-compression, Pre-loading)

tdeemsadulnssedaunsufuriisgeuniimsniadige 11479515 4n15n307 (Pre-loading) 1Heoan

myngadnenwzisiundmnfiseafialassafrdlluds
¥ ¥ £ ¥ da
drdomyainlasaadienihnionsna = Ap oo
S s da
vuFusURNA NI = H,

MINFAAAINTTALTBIIN Consolidation = S( 5 gpaseay A

C, 'Hclog

T+eg Po

bo + Ap(proposed)

S¢ proposed) =

g ¥ ¥
mangadununzdealdnm g
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. sand
1l 739

} 4 .
uafdeemanmaad RIS a Mo 00 = 0 rposed) + 0 (/)

A15N§ARUIDI91A Consolidation =5( propased-+ ) fio

_ CC . 1"16’1 Po+ lAp(propased) + Ap(f)J
S(proposed+f) = 1 0g
+ée Po

Y .
mangadanunue a1z, wdmniue Ap s sonfez luifamsngaduitudiudn

4P

___T : TAp (proposed)

Clay. H

Sand

51l 7.40

(7.14)

7 Consolidation

Sar'ldv :

T“p (proposed)

199

Without precompression

surcharge

settlement

qlf 741

‘i Sand

With precompression

4p *+AP
4P (oroposed)
¥ -
time
time
t 4 -
s
(oroposed) i
S (propenesy” Seo
s 7.42
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7 Consolidation

1. Original ground 2. Preloading with surcharge 3. Settlement

4. Removal of surcharge 5. Service load

@ @ Logp

Void ratio, e

1l 7.44

7.9 m3Uszyna Y Pre-loading Tusunea ey

’ ¥
fapg1alun1snaTen Consolidation test ¥93dI8¢1 ST -5 Tudeslfidms WWwamsnagendsil

Pressure, p (N/m2) Void rafio at end of consolidation, e .
140 0.92
212 0.86

. N
Fethalia U ITUAY 25.4 mm KaEinIIrel 2 v

a9 lums Consolidate A206131W1 Average degree of consolidation = 50% A9 4.5 AT BeRIMIUM

a) msws_ﬂﬁa"?{ﬂminzxﬁwﬁ?Wmﬁqwﬁﬁ%uﬁuﬂmmwm 2.8 195 upsAsnaNFuANd o= 140 kPa
uaz Ao =72kPa

b)sztsmmﬁﬁzsﬁﬂmsmﬂﬁ"a — 40 mm. TSy Apply stress

firate am‘i?yuﬁuﬁqgﬂf’hﬁ'amﬁﬂuauqa 303 (¥, =20 kN/m3) WhuvSnuntena

faduiavesfumie

3.0m. Yoo = 20 KN/M?. Fill\

=T

=19 KN/ i

i Yeat

Clay

Yeat = 20 kNJm3

Joimesnions /00,

1l 745

o= 100 KN/m2 1l g =0.88

¢, =032

¢, = 1.26 m2/year

2 wsnnwmnIngadutisnnmsosdundinnarnll 33

y . p .
b as@Enifunnedszanshiddunsaegigl s nnammsnieduiionavihull 33

Frot lunsadsuduannudidugon fumniiluomaassimious snednduludidumie
Ao =115 KN/m2 1 Inssitu effective stress (0= 210 kN/m’) Asuimsreadialdimsfudiedian
wﬂﬁan’luﬁ'mﬂﬁﬁﬁmi"lﬁ'ﬁﬁﬁifr

¢, =0.28, ¢y = 0.9, ¢, =0.36 m2/month (f’\’ﬁmﬂuamm‘u Normally consolidated clay) 33A W1

a) miv‘s_ﬂﬁmﬁaamn Primary consolidation ﬁ%zsﬁﬂfiyu“lumtﬁﬁ"lﬁﬁ pre-compression

b) Surcharge NesdoalHines 4 1¥iAa primary consolidation Hamniali 9 Heu
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7.10 Effect of soil type and foundation size (Azizi)

o o A Lo H @ a &
ﬂ‘lﬁ'ﬂ'lu'.lﬂlﬂ'li'ﬂiﬂﬂ'“ﬁﬂﬂ“'\ﬂ consolidation INTUNTT p:ASHuuﬂzﬂiQﬂﬂﬁﬂ’]wﬂ’J'lnlﬂuﬂiqﬂ

r 3 I v . n N L4
sedlenunsuus sziniunhanndiefousuanudn delumsfnansniaduiewingusmiu oy

: ”
vm1wummmgmﬂmﬁﬂmmﬁamwnummwuwawuﬁu

4

=

@omiruusansemiiiAuinirann dionihoussnsgiiiui lunheunn

Au = Ac

Au = Aoy + A(Ao| - Aoy)
= Aoy| 4+2% -4
AO'I

Tavit Ao, =Ad,

Po = m,Audz

H
Pe(oedo) = .[vadI dz
0

Ao

H Ao
pe= [myboy| A+=—(1-4)|dz
0 1

H AO’3
[m,acy| 4+ =21~ 4) |dz
0 AO'I

pC = H
vaAaldz
0

H
JAo@dz

=A+(1- A4) g—
JAO'le
0

& ] Y dda o o aaad ] S a ada
vnaenswzdiulahduiniussaseiniulifandesnianumuivestudu nielunsdnawdiu

¥fln overconsolidated clay (A1 4 fiaiee) sz lfidos o Tnuldmisfine s 18010 Cedometer test 1182

¥ 4 4 Yo & ey e v oy A a ¢ 4 4 o
ﬂziﬂﬂﬁ'ﬂﬂa'lﬂbﬂﬁﬂuvlﬂ ﬂQuuﬂﬂﬂﬂﬂ'ﬂ'lﬂﬁ‘ljﬁJLLﬂL‘Hﬂ\‘ii]Wﬂﬂ.l'lﬂﬂ‘llﬂﬁ}"lu?WﬂTﬂﬂW'ﬁ'“Jlﬂﬂi HEUNY

pore pressure parameter, A tazdns1au H / B Famunson Idninnswidisde
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7 Consolidation

1.0 —

circle

a1

TOG
I

0.2 ' 1 ) 1 L

0 02 0.4 06 0.8 1.0
A

gﬂﬁ 7.46 Correction factor for foundation size (Skempton and Bjerrum 1957)
7.11 Effect of sample disturbance

; A a da o - . PR | o
WivswnAumiiernlinisniadigeezd Strength @ lumafudiedeiunInaaey Consolidation azn1s

wivudeteeniinanssnude Inseadavesiu Fus13eni1 "Sample disturbance”

\-
L' SN bo)

Virgin compression

.\ curve, Slope C,
L v 3
'

Laboratory
consolidation
curve

Void ratio, e

0.42e | ~~~-mm~mmmmmmmm oo

log p

it 7.47

dm5uAY Normally consolidated clay (OCR =1)

fliifinariiosnn Sample disturb alddu Virgin compression curve
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7 Consolidation

iffu Lab consotidation curve Anrfut§u Virgin compression curve #i Void ratio = 0.42¢

A15a31e Field compression curve
v
2

Schmertmann, 1953 1Atauadtnudulfe (Field compression curve) Bleediismsdail

€

Field compression
curve

Laboratory
consolidation
curve

Void ratio, e

0.42e,

,
G Sy iog o',

7.12 fmeseun

Lo . ”
1. gusnamdnuigiaume swas e ldifiaus wWuiifiafiuiii 120 kPa nsgfheguusuaudgy
. k4
L.1) dnnmmsniadniiewinmssadInieinlgugil (primary consolidation)
2 @ o H 5 a wa =
nansnageumsdadiimoiludeslfiiamsluaised 1

#15190 1 Wan1Inadeu Consolidation

o, (kPa) Void ratio, ¢

15 1.66

30 1.66

60 1.64

120 1.52

240 1.38

480 125
}_
-+
k
H
4

1l 7.49

: . @ W ¢ o < ’ o
12) Nﬁ'muﬂiMmmﬁuwuwmmi“nzﬂé‘hﬂnnaﬂﬂu"lﬁ'x,sﬂuuauﬁ‘]unmua:uﬂuﬂuﬁ‘]umﬂ TIREAAI

frualitat cv = 60 mm2/min
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7 Consolidation

it 750

Y -

5. t’ﬁw’fmmiﬁ%’wﬁi’NTﬂSaﬁ%’mJwf;"uﬁumﬁméauéqﬁﬁmaiuuﬂmauﬁ;ﬁagﬂma?mﬂﬁﬁ]ﬂgmﬁ
anazAndy TulsziRuvesidsfuus swosAuiazmsngada

) lurasusnueamisneadie

b) niwinseaHuadoaz lfoudunannu

suauedtmsud lilymlude a) uas do b)
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Soft Clay

il 751

Hilsand
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8.1 uni

9
<

4 = o 1 a a . 4 4 Ay 4 a e o w o “
dellusenwuennseiwenuazinanilonssiuluiledu dwidoussidadu lidumdsivusudon

¥
& wad ]

a g i a At o w a a o wa a 4
mmﬂuﬂ%"lumﬂmsmmu Lmf’hmum1mmiuumﬁawaaﬂuua"ﬂ ﬂﬁ’l‘l]ﬂﬁﬂmﬂﬂﬁu

i esAnm IS AW s udenesiuiefiaz iy T 195m sz apimiadu Soil Engineering 11

’

sarudodaiosm
Pl
rrnenude iy

nudeuiafican

- =

nsieRoude AL
P

IR

P

P snBesdafienrn

meRousnmTeNa I

usafuAudR
FauTuusasivern

usaemn
4 o
Faduwsuden

{ ° W ) A a o w a
31l 8.2 Ardwsaridudvilafavnsdedunumsdouvesdu

& MdesuusuRoUYEIAY

sanudanudufingan

msdaudtTaIALAY

4 a a da 4 o a
71 8.3 mufeuvesAunfaiunwlududu

smruoustasm
prtRquETTY B

awa 4

147 8.4 mmsMidiiswnmsifauvesdundedumaiudy

8.2 WugIuveshdaSunsudon

91nQYB U3 uFeANTUBB Coulomb (Coulomb’s friction law) aIndwiafiamaas dusiiunaesififing

A« X da y 4 4 Yy ¥ v ¥ ¥ o a Y AT
umgvuwumummﬁﬂ%Lﬂﬁauﬂ li’mzﬂﬂ@i‘mliQﬂuﬂ']uql'N HmnUUs UagANIUTSHINAUAUNABY (R)

urandn, M

usadunglog, V

1/ 8.5 ndeshimdeudiounius sduminius s loa
V= puN ®.1)
e P SV S
We 4 Aedulsz@nianudseaniusznieiuiundesfurify

u=tang’ (8.2)
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V=Ntang' (8.3)

din ¢’ fv yuiFean U (Angle of friction)

Fulodoudunufuiussen s s leatuussdnmulunnases lddag)

v 4
V>N, tang’ )
3 497 @(\L\)
negupRad Z B
Farmuda ! 9’
i
| V =N, tang’
? e ndasduindion
i
? V< [.V‘ tang’
| naewila
1
N, N

717 8.6 mwdnitusszr s sdmnns Teaduus sdnmiuluunnda

v
A Y e

nnrunIveTIumnadeui lugdunumsileussninandestudiu dnhunldResanmisouss

Wwouluduaz 1@
7, = (o ) - tan ¢’ (8.4)

a . A da 4 A 9 & o
T, ﬂa“u’]ﬂlﬁﬂﬁ]ﬂuiuﬂﬂl:“ﬂﬂuliNgﬂiﬁeuql“lﬂaﬂ‘u%‘lﬂﬂu

y .
(07), Fomiroussdamnuussinuiifamsiou

8.3 Mohr-Coulomb Failure Criteria

i >
awa & o

Otto Mohr (1900) IAteruenguii1 Jerqeziiiariowwiniis Normal siress uas Shearing stress 4 1difia

v
TS

210 Maximum normal ¥3® Maximum shear (114 A3a3M5

7, =f(o) 8.5

. ke : :
Tuszuiifamsideuludniueziifonizoussdminuazmizous adou Fuffesninndougaluuny
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4

PR

. s
Fadusufeuaenanves Mohr Wrimgaillagh lifidiulavesisnamfiudu failure tine tavez 18renaw

; - -
FuRwINFuRaiud failure tine Hya (@, Lo winiu

AOMUSYDII RN

A iUl

31171 8.8 Mohr’s circle Tunsfiueaduiili OCR = 1 83 2 (Normally consolidated soit
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@ ® ©
& . da X 0, qva mea . da 4 o ays aea .
g 8.9 (1) dhulIdmiousaidadulivin Wauaoe, @) dhuldidmihasifedui auia, ¢) duhl/ g

.y
winssiReiuAun e e IR

3 14 ¥ 3
mﬂz‘wa15tuuﬂwwmuwagmﬁauﬂuimsﬁummmu Lﬁmmnmmﬁumm 51151"/15']1]"11']0L15\3Hﬁﬂ
. ¥
(Major principle stress (0¥ Minor principle stress) 1319118 e TR
o szufAifans It

s

v . v
o MU IIMINUAEHIDINs U uVUsTUILRAa M Al

T . rf:(a;)/ tan ¢’

((&Zj,;’ff)

20=90"+p

(02), ‘ @), In

71 8.10 Mobr’s circle
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§ Mdsuusuouveedy

T e siRanhy
f ~® .

wsnBouinm

- (o),

. @
=45+ =
/5 5

11 8.11 State of stress LAAIUIAZ IO MFYD H10UT WD ITTUTSTA
8.4 FUMSFUMTIDA (Failure envelope) Yo THE ) Overconsolidated clay

Sridumiioanglu Overconsolidated runsidunisIniavziiiu

’ ’
T,=c+0 tang,

7
1o = o' tan
normally consolidated soils

Figure 5.24. Behaviour of a normally consolidated clay.
Sidumiioanglu Normally consolidated a3smsiduntsisAsziiy

t,=c'tang’

/ 2, 4
1e =¢’ +o'tan
T /!\‘ over- normatly consolidated © S d)c,
T consolidated)] e
5 o

Figure 5.25: Typical behaviowr of an ove lidated clay.
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8.5 ANNUTUWUE TN Stress U Strain

Y wa o a o a o _ o o o o &
Tuirdenuauiiavesiagluin namansiag niednsdwe g 1 1ddaudianuduiuiues

, 4 o < ] A a o @ 9.2 a
mizsusainehuiedaquazsmsnfsunlasgisesiaqileliusemesuennszi dmsuludsndgina

¢ d ¥ @ . ' o @
saasisnauleanuduRuEsEM I8 Stress 1A% Strain AousINsER Unileuiu

peak large sraim

shear stress

residuot

wormally consolidated) 5
stram

sirain

Figure 5.1 Stress-strain relationships as related to soil type and state.

elastic modulus

/ ~ error dué to elastic

/ e

assumption

e fEctive stress

> §
> B
Lo

Ae strain

Figure 5.2: Sefection of appropriate stiffness parameters.

lumsnareuss MinTedlonaasudszdrassImiloufvanwsssundunniiga TeuaFosdienld

NATBLISTUNI Triaxial apparatus
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8 Mdasuus ulouye Ay

Pore pressure
557 measurement

Measurement
of volume
changes

31 8.12 inSesilonaaeu Triaxial

8.6 Triaxial test

] ¥
FuiFmsnadoun) Shear strength parameter  ve3dulasiinesanmyesiistaduRALIUINIK

a4« . a <
HUBUAVANTNALNINNTA

8.6.1 MINATOVAIDLIUMVYTZIEIN (Drained compression)

e Eom sty l

Snethadsh, Ug

wmsdEfinng
Fufuunlse

#ntn Wnrinusadi Aoy

o

, v .
717 8.13 P1INATELLUUTTUON (Drained compression test) A5 2101

29679 MIHIUIUNANINATOD Drained Triaxial 910A151990YaNMINATOY Drained triaxial 3uVyu

s o, g, 18T £, - £

a
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8 MFITUUTURBUYBIAU

1_"‘5‘volume (8 6)
1—‘L"axial
fedraflnaduriugudaas
7 : P - 4 ; i o w
H3na aymean - | Snasindan | Volumetrie | Axiabstrain, | Huinide Deviatoric stress,
kN) ulaou(mm) (mm3.¢ 107 strain, £, -0 A(mn2) O, (kPa)
0 0 0.00 0.000 0.000 0.001134 0.00
115 -1.95 0.88 0.010 0.025 0.001151 99.86
235 -5.85 372 0.042 0.075 0.001174 200.07
325 107 7.07 0.080 0.150 0.001227 264.76
394 -19.11 8.40 0.095 0.245 0.001359 289.83
350
3001
2501
5 2004
3
§ 1501
1004
504
[}
0.00 0.10 0.20 030 . 0.40
£a ’
&
0.00 0.10 0.20 0.30 0.40
0.00 L L
0.05 4
B
<
0.10 1
0.15
i g4

8.6.2 Managevsegauuyliiszeh (Undrained compression)

uriisd ol
Aetaduda, Uo

amrimfirnsy
fuldnunie

#mring AT Tl o

. v ¥
iﬂﬁ 8.15 msnareuuuy lissieth (Undrained Compression test) ﬂﬂ‘nﬁ{’ﬁ;“u‘lﬂﬁ"l

@ 1 oa ' ¢ a_a | a A
mammmmmﬁumuguaﬂaw XX UADIUAT 9717 xx UAAUAT
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05309 suemRnasuinia T A Axial strain; Fuiuidna | Deviatoric stress,

(kN) (mitm) | faedn, U (kPa) £, (m2) O, (kPa)

0 0 100 0.000 0

58 -1.95 165 - 0.025 0.001134 50

96 -4.29 200 0.055 0.001163 80

124 9.36 224 0.120 0.001200 9%

136 -14.04 232 0.180 0.001289 98
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oy (kPa)

u (kPa)

120

100 -‘
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40

20 4

250

200

150
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0.00
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8 Mdassuusulouve A

wilaresnmagay

J Husedusindng I

Consolidated
Drained
Compression
Test

Consolidation
Au=0

Rl

e

Drained
Au=0

AVz0

& o
&P o
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-

Consolidated
Undrained
Compression
Test

Consolidation
Au=0

IR

(o2

Undrained
Au=0
AV=0

kA
&P
Oc

o

Oc

Unconsolidated
Undrained
Compression
Test

No consolidation
Au=0

IR

Oc

Undrained
Aux0
AV=0

B o

O¢

Oc

Un 817

flusadudongng

Unconfined
Compression Test

No cell pressure
applied

Just apply oy

04

222




Aginasaas

8.7 ¥HATINITHATRUNAS IS ITIND T2 3AY (USACE 1990)
Table D-1

{Refer to Figure D-1)

TYPE OF
TEST DESCRIPTION DIAGRAM
o
L]
i
PEAXIAL LOADING 0, ON & SINGLE VERYICAL AXIS, ! i
a‘rrnm O = Uy = 0. YOUME'S MODILUS E 38 SETERMED, & i} 1
€t
7,
<
' [
SRNE pERTELtIsmE o Jo-o
- L]
BT & w (T AND - f
i o YD St e £ £4 260 “,:::‘
o
Svei
Tie [
SWPLE AFTER NYDROSTATIC LDADSS TO T ~ Tier T
o o5 2003 warT coMSTINT. BT THO B o),
1887} THAEE STRESS ARES VARIS s, @
m,..-‘u;.suionmm e T "
& 1§ CRTEAGND, -t
"
[ £z
Ty
LoABNG Exet
IREMEDon  BonsaasATn TEIT) o Thans o 38
b muc:dum AT
L
5
A
| 4
CONVENTIONAL.  AFTER WYOROSTATIC mmm 10 & [ 4
TAIAXIAL, u’a % o % & +
&Ten I COMPHERSION 0K TRNMENED . 13 - =
¥
hd P11
T f
g,
€,
-+
Ts
4
covem AFTER HYDNOSTATIC LOADING TO G5 . - £ .
XA « Oy MCREASED WHRLE 0 KEPT
X CONGTANT AT (. TANGRHT BODULUS ¥
®TEN €¢ N EXTENMON DETERMNED. % % r
T
-7
223

8 MdasuusuRaLveIAY

X

YTy
b, STRESS PATHS

Figure D-1. Examples of stress paths for different tests
(Refer to Table D-1 for descriptions of tests)

8.8 n1INATdY Consolidated Drained Triaxial

Deviator stress i@1¢ Strain
£ - o S o
msuldsuudasdiuinsvesdiedn lumsnaaevviiativzddeslfiitlvasensindistienanams
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Figure 5.22: Effecis of the state of a clay on the porewater pressure at failure.
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Figure 5.28: Effect of the OCR
on the peak strength of a clay.

8.11 mInaael Consolidated Undrained Triaxial

Deviator stress 8% Strain
o J 4 o o o P < ¥ B a
UTIAUUITIUAAINUTIINTEUDANTEN ﬂzmu'lmflumsmﬁ‘auu%'lu'lﬂwamﬂﬂatjuuﬂmﬂsmm
4 s 3 ¥ A a o o S 4
Luﬂﬂﬂ1ﬂli1ﬂﬂ’ﬂﬁ’lu“ﬂ1‘l') Lﬂaﬂuiﬂﬂﬂﬂig‘ﬂ'ILLiQﬂHu'IﬂQL‘iJﬁUuLLﬂﬁQ
v ¥ v 3
FIMTUMINATDUILY Undrained ﬂzLﬂﬂuiQﬁuﬁ'lﬁuLﬁﬂQﬂWﬂLLiiﬂ5$ﬁ1ﬂ’lﬂﬂWU’H?)ﬂ (MUIGLITITIN) ‘ngzi

I3 ' a8 a v
RNl Ansealdan
o'=0c—-Au 8.7

v
o o

L4
daiulunsdivesmsnageunuy Cu WU Mohr’s circle 'lﬁ’fﬁ'ammHumusaiwuawmﬂuﬂ

ssAntna
YR P W S Ty, o . .
8.12 HIIANHIT TN UNNAVMHBHIT VLTINS MUY Axisymmetric
ussuiludedunagevrznldouwlauiloiausenszsiiniouen 43 Skempton (1954) (@UBAUATS
I3 v
el uausswwhlunsdiouasseuunumyu (Axisymmetry)
Au=B(Ac, + A(Ac, - Ad,)) (8.8)

Ao, Ml Auiaus W uUB3 Minor principle stress

Ao, — Ao, manlfeumlaaves Deviatoric stress

227

8 MassuuruRouYeIAU

v

B Fulseanidelyu
. ¥
a w ¢ o

fAududdnh B=1
Ed
4

14
e lifiiegian (S=0%) B =0

ar

a8 & @ & A .
4 dudszansussquriiaiunu (excess pore water pressure coefficient)

¥ Y

fuswaglaumsTning 1§

Au gl 42
Ao, o,

-1 8.9

$ < o & o @ ada
Falumswnaaeu CU compression W30 CD compression 3¥A8ufuusaduiiinszhinediona lunsding
’
wiswhinsziwedledudfivieiudn o, = o,

Au
Ao,

=B

v 14
fhaududadaud B=1 9 ¥ Au=o,

& ‘v Py o A ¥ Y o g % o 3 - 4 awa
PININTAJTU VO UTUANHUTIAUAUATUYN O i]z'ﬂ1&11115\3?1uuﬂuﬁ'JEUNLWN‘UuWﬂﬂU O3 UATHYRIUA

Au
A=4,= —_l
Ao, - Aoy
!
o 2 4 o & 4
Au, ssdhilaeuudasufinduiion n Deviatoric stress
1.0 L
05 +
. L
< .
0.0
_0'5_ 1 L [ I N T | ' 1 TS B I
1 10 100

Overconsolidation ratio, OCR

: . .
Ui .19 manfasumlasvesn 4, Failuogfud OCR

Frozaiuldie Ay szulsalaouaiu OCR
3
OCR <2 usswmiadudAuasiiunin (Ramizous i)

’
OCR > 2 usadhdnudusziiuay (Famisousige) fagd

228




gitnamani

T A normally

heavily consolidated
overconsolidated

. total stresses
effective X7
stresses

-

ki -
B!

w0~ N oun ) porewater pressure y -

Figure 5.21: Effect of the state of a clay on its strength.

8.13 Unconfined compression (UC test)
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Figure 5.20: Variation of ¢, with depth for o normally consolidared clay.
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8.14 Unconsolidated Undrained (UU test)
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