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The Vajont dam during impounding of the reservoir. In the middle
distance, in the center of the picture, is Mount Toc with the unstable
slope visible as white scar on the mountain side above the waterline.
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before the Mount Toc failure in October 1963,
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Topics on Geotechnigues

# Introduction to Geotechnigues
B Soil Engineering

B Geohydrology

B Rock Engineering

i Rock Slope Engineering
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In-situ Measurements and Monitoring
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Quiz (s): 10%
Homework (s): 15%
Lab Testing (Report) 20%
Mid-Term Exam: 25%
Final Exam: 25%
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NS0 (gravel) "
(4.75 - 75 mm)

N518 (sand)
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aNuUnvuaadiiy (Density of Soil)

. ATIMUIWUUBUS AU (S = 100%, V. = 0)

ifm3
kg/m?3
gfem?
Ib/fi3

O

Pry Condition Natural Condition
Dry density Moist density

(P W38 pyp) (p Y38 ppyo

Saturated Condition
Wet Den Sity

(Psat Wi Puet)




sovman,

KM /m3
ib/ft3

Dry Condition
Unit welght /  Dry unit weight

uthgiuiin (ta Y32 v4,,)

&

R i

Natural Condifion
Moist unit weight

(¥ Y98 V)

Saturated Condition

Wel unit weight

(v sat Wi 'Ywet)

dlauvirlluave o susit s

Description n € W, Pa Psat
sand, loose and uniform 046 | 085 0.32 80 118
sand, dense and uniform 0.34 Q.51 Q.19 108 130
Sand, loose and mixed 040 | 067 | 025 899 124
sand, dense and mixed 0.30 0.43 0.16 116 135
glacial clay, soft 055 | 120 | 045 76 110
glacial clay, sfiff 0.37 0.60 0.22 106 129
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huiii, W, = 20.7-16.3 = 4.4 kg

Aaduddunast, V, = W, /p, = 4.4 kg/(1,000 kg/m3)

= 0.0044 m3
dutfuunizravudefn@uduiin, W, = 16.3 kg
fatduiBunasaasudy, Vs = W_[[G xp,, ]

= 16.3 kg/(2.68x1000 kg/m?)

= 0.0061 m?®

Bunesdaviteiiiluainie, V, = 0.011-0.0044-0.0061 m?®

!
E

= 0.0005 m?3
» dmnilugl Phase diagram eidiefl
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0.0049m"

vV,

=0.0005 m’

= (},0044 m"

3
[

V.= 0.0061 m’

W
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w = 16.3%

W, = 157.5¢g

i

3

bulk density (pp) =7
dry density (py,) = ?
wet density (p.0

void ratio (e) = ?

- degree of saturation (5) =7




O a7n@1 water content (= 10.5%) uastwinduusiv (W, =157.50q)

- gEsauninyinaagin (W,) fAadludiule

- Water content (%w) = (W,M/Jx100 % = 10.5%

= et W, = (10.5x157.5)/100 =16 5 g

>V, = 16.5 cm? uazimiinfudauay (W) = 157.5+16.5 = 174.0 g

AnuvuwdnamsALdIag i u amasguy, bulk density () =
- dRnesiiaeedy (V,) = 85 cm?
=> bulk density (pyu): W/V, = 174.0/85 = 2.05 g/cm3#

AMNUIILUNLAY, dry density (pg,) = 7
=2 Enasaahbiu (V) = 85 cm?

> dry density (py,): W,/V, = 157.5/85 = 1.85 g/cm3#

L

< WBinasiathediu (V= V, + V,+ V) = 85 cm?
2> aafluiBunegin (V) = 16.5 cm?
2> A G, = 2,69 awnsaviBinasuasdiuniiivaasuds (V) 14
=2 N0 p, = Gfp, = WSV agtein V, = (W, x p, )/
V, = (157.5x1.0)/2.69 = 58.6 cm?
= Winesame (V) =V~ V-V, = 85-58.6~16.5 = 9.9 cm?




o Wet density (pye) = 7
> fhdudusseihdaiuifunasaiaaazsgaunufidr s
> ihutindududasimirAely 157.5 + 16.5 + 9.9 = 183.9 g
~ wel density (p,.): 183.9/85 = 2.16 g/cm3#

w Void ratio (g) = 7
-2 e =V/V, = (9.9+16.5)/58.6 = 0.45 v3a 45%

a Porosity (n) =7
..... | > n = V/V, = (9.9+16.5)/85 = 0.31 w3a 31%
' >u5a n = e/(1+e) = 0.45/{1+0.45) = 0.31 = 31%

o Degree of saturation (S) = ?
2> S =V, /V, = 16.5/(16.5+9.9) = 0.63 visa 63%

Given: S = 1, w = 40%, Gs = 2.70
Determine: py., Poar

2.70x 1.0

— — ’} ¥ B
Py =0 4% 3.70 130/ cim
I+-—
1.0
W =40% =04 (]—%0.4):“.0

Y 1.
S = 100% = 1.0 Pres O Py = - Y 1.82 g/cm =
0.4+ ——

270
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> sisu .. dhadsitinanuadaudiliunes 1 gnunanmes: V, = 1 md
- #asiduinsg, e = V,/V, = 0.78 doilu V, = 0.78Vs
FI0uA ¥V, + V, = V, = 1 m3 unuen 0.78V, + V, = 1 m?3
»1.78V, = 1 éivilu V, = 1/1.78 = 0.56 m?
~azlin ¥V, = 0.78Vs = 0.78x0.56 = 0.44 m3
~vhutinnasaasuds, W, = p ¥, = [Gxp,] <V,

= 2.68 x1000 kg/m>x0.56 m?

= 1500.8 kg




» anudiuiienvingu 12%: w = (W, / WS)I}(].OGD/O |
»alginhuiinaagih, W, = (wxW_)/100

= (12x1500.8kg)/100

= 180.1 kg

~ daflulBunaseat, V,, = W, /p,, = 180.1 kg/(1000 kg/m?3)

= 0.18 m?
»vitudiBunasanms, V, = V, =V, = 0.44 - 0.18 = 0.26 m3
~ wuutilu Phase diagram

1) wihahutinfutunadusl (i)

2) ke uiinfuus (ry,)




3) seéiunnududasimi (8)

4) mwwsu (n)

I I IEUN W WO WO NN N

Phase Relationship

Void ratio (e) = V,/V;

Porosity (n) = V,/V,

Degree of saturation (8) = V, /W,
Wet density (pyet)

Dry density (pg,,)

Bulk density (py.ud

Specific gravity (G,)

Water content (w)
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sgisvanday

U arsuraunstacasassagaasiafuaravinledadiuiaiedsd ue
AdlandFiddunnduany da A85auruazuase (Sieve Analysis)

Aiitasauracitee fHis

O assavruasunsssintdfiufuniauialuainit 0.075 mm 4y

ul

U ABanacnauiealdlaiasiimas (Hydrometer test) uSaviaanna
(Pipette) Janisanacnautvisndiiduniaduauis 0.2 mm 89

0.0002 mm

0 feaasdd (avssawsintuasunss unzastdlalasiinad) denan
ataldsufulunisiasisiiaunaaedinasinaGulrfule

AUIGBUNIALIT AU
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n536 (Gravetf)

v (Sand)

0.075 mm (#200)

diviidda sse1
(Coarse grained soif

or Granular soil)

fiuacnay (Silt)

(s fuviien (Clay)

auiiinazibaa

(Fine grained soil)




auaiafuTuaiain
4.75 mm (No. 4)

PR LA GILE
4.75 ~ 0.075 mm
Sand

Auasiafuiannin
0.075 mm (#200)

Fines (Silt + clay)
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Particle size {(mm) Soil type
> 350 Aunau (Boulder) ]
o
350 -75.0 “unsim (Cobble) Rock

(Coarse g

} Soil

ANSUILUIGA RSB DL e GL

QO awsdwundulunivieainssy — avlddayanisnssanasiaavidia
&y (Grain size distribution) wasauwwlle (Consistency)
O nsnagaifiavasnsyanadliniazussasuasinfurinle
et
> asimneflealidnsunsesau (Sieve Analysis) 1id11su
dudaviau (vune 0.075 - 350 mm)
> ATia a'awv?’imsi?j“l,aimﬁmm (Hydrometer Analysis) 1%

Fududinavidoa (Ldandn 0.075 mm Saduiikrueziunss
tuas#200)
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Grain Size Distribution Curve
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TafAuGuniinunaluainii
0.075 mm (fuuieauanit)
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mjﬁumﬁnlé";émﬁmaséaus&mmmﬂﬁgmaé#ZOO (wet sieve) tanniznau
AdnnTn 0.075 mm aan'll duddraarldadesnsyi Sieve

Hydrometer Test

O Udwdududieazidas (Huusanni 0.075 mm uEa
flanatananuuiasagilnuasazinsetuas?z 200 i
futiien sutniiandusuaznau Gusenay

P9 o o, = i ﬁ; =
O asuasisdiealidlaiasiiwmasifNaviauiaiaf uuay
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Hydrometer Analysis

O dlunsueaavdivdusnauagiaduimdn

N 0.075 mm (#200)

O msuesavadaiinnisanacnavansing

deawavnnguavaingn (Strokes' law)

L anaasuaaasasdusnsavnen iwasiefue
aztiuaniy (Percent finer) fiuuune

wWusngudnataasinfuld

where v

s
H

{3

i

velocity

density of soil particies
density of water
viscosity of water
diameter of soil particles

Trefivdtion of L W Sydianetor test
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distance afeng the sten of the hvdrompler from the top of the
bulb o the wark for g bydrometer reading {eom s

lengti of the hydrometer butb = Llom

vodume of the hydrometer bulb = 67 o’

cross-sectioml aren of the sedimentation eylinder = 278 em?

Pedinithon o L in hydromaber o3
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#4 (4.75 mm)

#10 (2.00 mm)

#20 (0.850 mm)

#40 (0.425 mm)

#60 (0.250 mm)

#100 (0.150 mm)

#200 (0.075 mm)

angad (Pan)

ASTH STANDARD SIEVES (o ABTRE 2422 and 1001
» v iponing Sz M. Clpening Sire
' Tdonuftontione Gt ' .YLH%!‘;!? Telisnifigation i P
% ingh R+ 1] #i4 LS 115
— Dk A S8 Y {54335 {LES
Py fwh [t RN #1 2%
bisch 1LEHE o Hadiy aale?
= A4 ineh L ] #5i) GU0EE
A8 inch 06,573 ) B
B ARY #i UREIXUH 0,580
a #5 #i HEr{t 3 3,405
#10) HHE) RS LR

fﬁ;s_ge gt

G




AvindasdaditiauasasiinsIaaziuas

Sieve | Sieve openings Sieve Sieve openings
No. {mm) No. {mm)
4" 100 mm 16 1.18
3" 75 20 0.850
2" 50 30 0.600
134" 37.5 40 0.425 (425 ym)
1 25 50 0.300
%4 19 80 0.250
Ya " 12.5 70 0.212
38" 9.5 100 0.150
no.4 475 140 0.106
8 2.36 200 0.075 (75 pm)
10 2.00

AENAISEIUDEU

Tdfududianenu (ualadt 0.075 mm) 1 Ase
w5 dseianuas Sieve Analysis #i 2 Ussunn fia Dry
sieve wae Wet sieve)

%@ = dhwiindufidwuuasunss y;og
ihwilasurtanue
AN LT = pasiutudafiduddneuu
arunseiiluginin
Ssinu = 100 - %iagesu




G821 A519ASHIUIAL

48/4002 = 1.2

dutinduiiviun = 4002 n&u /35374002 = 6.32
. . Sieve Sieve + S0l ,Sm; Percentag Pércentage Pem'e ntage
Sieve size . ] Weight on R Finar
weight Weight : Weigh jl Greater
Sieva
i7.5 M60.5 3665 7 7] it
28 37 563 48 i il 1.2 98.8
26 464 7 253 EED 7.32 UI4d8
i 4185 358 AT N 23,40 398 GU.i2
.30 Bl F{O9.5 7035 17,58 48.36 344
N) 13 G295 2105 3.4 33.97 £0.0.3
335 A4, 3 720.5 250 7 6. 97 8.3
2 417 7075 2905 726 68,23 J1.77
830 374 5604, 5 4335 10.83 79406 21194
425" 338 675 340 8.5 87.36 12,44
75 2055 735 4303 16,08 98,54 1.46
pan I8 A7 39 {47 10} 0.
=5izes are in Micrometer,
(1) (2} 3) (1)=03)(2) (S)=(@)/W, (6)=x(5) (7)=100-(6)
wundaads vy azuass suaseASeRaY ud Guens Yodudna Yodiuaoar i Yo

GILIINISIIANTAIUINL

0+1.20+6.32 = 7.52

{
. . Sieve Sieve + Soil ?mi Percentage | Percentage Peré.e ntage
Sieve size . ) Weight onh . N Finer
weight Woeight h Weight Greater
Steve
37.5 566.5 566.5 ) 7] v/ I
28 517 363 48 H 1.2 1.2/ 984
20 717 )5 6.32 C 7520 92,48
ik KAh 105, 2346 30,08 a2
.} 6 1093 7035 f7.58 48.56 544
3 413 6205 ALK 541 33,07 46,03
.33 46,3 7203 28 7 6Ly 7 JU.3
2 A7 73 20,5 720 68.23 31.77
8507 374 SOLF 4333 1083 79.06 2094
425" JI38 G675 REi/; 8.5 8756 244
75 2955 735 H305 fir 98 B8 544 1.6
pen BRI 47 39 147 114} .0
2:Sizes are in Micrometer.
(1) (2) (3) 4)=(3)-(2) B)=(4)/W,; (B)=L(5) (7)=100-(6)
mnedaailn Ui AXUA5Y BUSASHASTYERY Bl AU Gy Yoliudae Yofiumroduan Sorins




100-7.52 = 92.48

|

. . R 50l arcentage
. . Sieve Sieve + Soil . Pfercentage | Percentage .
Sieve size . ) Weight on A Finer
weaight Weight . Weight Greater
S ie U a ST f O A L SR e
373 566.5 566.3 0 (0 7 \ o
28 517 565 48 1.2 1.2 L loNy
20 464 717 253 6.42 1| 753 W94
11 £19.5 1358 Y385 23.46 30,98 1 &40
6. 30 -£16 11095 7635 17.58 4836 | 5144
5 43 (29,5 216.3 5,41 5397 W 4603
.35 446.5 726.5 80 7 o097 I 3903
2 417 75 2905 7.26 6823 b 3177
850 377 045 4333 1683 79.06 % 210,04
425° 338 678 340 8.5 87.56 0 1244
75 | 1955 735 439.3 10,95 9834 || 1.46
pan ] a88 447 39 147 100 0.0
s5izes are in Micrometer.
(1) (2) {3 (H=(3)-(2) G)=(@)/W, (8)=Z(5) (7)=100-(6)
awedanile vy, azungs vu.asung+au un du die Yfudne Yoliuanaguais Yoriu
100 @
90
230
E\i 70
@ 60
e
L. @
- 50
=
3 40 -
@
o 30 =
20 -
10
O T TTT1T T 3 TE T FE H 3 3 ia‘( ERE] t T i
100 10 1 0.1 0.01

Sieve Opeining (mm)
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Percent finer

100} . s
g = Effective size (D)

e Uniformity coefficient (C )
.y = Coefficient of gradation )
« Sorting cocfficient S)

Das 1Dy D;u; Dy D
0 ] — : T !
FRH (] 1.0 t)

i
—
-
s
-
-
LA

Partiche stie dmm b ——tog seale

Prelinition of [}jg‘ f},-:,;:]. {)_;,'_;. D:g. and Dm

dnualrASTASEINUMURILTAE Y
(tdTunsduundiuiiana Tl S1Wn NSIHEASATIA)

YOO
\

PET L) .

300, PN
; Y
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Soil Types C. C.

Gravel (n96n) > 4 1-3
Fine sand (naasdumn) 5-10 1-3
Coarse sand (vshawenu) 4-6 -
Mixture of silty sand and 15 — 300 )
gravel

Mixdure of clay, sand, sitand| .o 459 )
gravel
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(I Well graded soil are usually preferable for bearing from an
engineering standpoint, since good gradation usually results in
high density and stability

U Specification for controlling the percentage of the various grain
size groups required for a well-graded soil have been establish
for engineering performance and testing

W By proportioning companents to obtain a well-graded soil, it is

possibie to provide for maximum density.
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LannI1 0.002 mm
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Example: A liquid limit test conducted on a soil
sample in the cup device (Casagrande Method)
gave the following results

Number of blows 101191 23 | 27 | 40

Mass of can (g) 50.0{52.0]51.0{48.0(49.0

Mass of can + moist soil (g) 182.0178.1(81.8{73.9|77.8

Mass of can + dry s0il (g) 71.0170.2173.0167.0{72.0

Mass of water (g)

Mass of dry soil (g)

Water content (%)

Example: A liquid limit test conducted on a soll
sample in the cup device (Casagrande Method)
gave the following results

Number of blows 10 | 19 | 23 | 27 | 40
Mass of can (g) 50.0152.0151.0148.0149.0
Mass of can + moist soil (g) | 8.1181 .9177.8

Mass of can + dry soil (g) 72.0

Mass of water (g)

Mass of dry soil (g)

Water content (%)




Example: A liquid limit test conducted on a soil
sample in the cup device (Casagrande Method)
gave the following results

Number of blows 19 | 25 | 27 | 40
Mass of can {g) 50.0152.0151.0148.0149.0
Mass of can + moist soil (g) 82.0/78.1181.8/73.9/77.8
Mass of can + dry soil (g) 72.0

Mass of water (g)

Mass of dry soil (g)

Water content (%)

Example: A liquid limit test conducted on a soil
sample in the cup device (Casagrande Method)
gave the following results

Number of blows 10 1 19 | 23 | 27 | 40
Mass of can (g) 50.0152.0151.0148.0149.0
Mass of can + moist soil (g) |82.0(78.181.8|73.9|77.8
Mass of can + dry soil (g) 71.0170.2173.0167.0(72.0
Mass of water (g)

Mass of dry soil (g)

Water content (%)




Example: A liquid limit test conducted on a soil

sample in the cup device (Casagrande Method)
gave the following results

Number of blows X-ais | 10 | 19 | 23 | 27 | 40
Mass of can (g) 50.0152.0151.0]48.0/49.0
Mass of can + moist soil (g) 82.0178.1181.8[{73.9/77.8
Mass of can + dry soil (g) 71.0170.2173.0{67.0172.0
Mass of water (g) 11.0, 79 | 881 69| 58
Mass of dry soil (g) 21.01182,22.0119.0|23.0
Water content (%) Y-axis | 52.4|43.6|39.8|36.5|25.2
Example. Results
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WAanasAan (Plastic Limit, PL)

i3e1a

Afiawatadn daaliuraiainuduindaafigaiiuaza)liu
g andiinle

0 Tusisuaaaduisifiauatgdnazldauiniaunasioidn
A1 0.42 mm (no. 40 sieve): Sand + Silt + Clay

O shazrvfuargaudududiudrfimiduiduanifiazvie
tdusingudnag 3.2 mm

O dsuaeuduidudnuanatndu (Just crumbled) éa
AN ORI

Plastic Limit (PL) is the waler content, in percentage, at which a soil can
no longer be deformed by rolling into 3.2 mm (1/8 inch) diameter
threads without crumbling.
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tau Cone Penetrometer Method

Plasticity Index, PI = LL - PL
Liquidity Index, LI = (w-PL)/PI




penetrometer method) are shown in the table below.

Penetration (mm)

3.5

7.8

14.8

22

32

Water Content (%)

39.0

44.8

52.5

60.3

67.1

80
70

60

50

40

30

Water Content (%)

20

10

0

10

Cone Penetration (mim)

100

all cone test (cone
penetrometer method) are shown in the table below.

FPenetration (mm)

5.5

7.8

14.8

22

32

Water Content (%)

39.0

44.8

52.5

60.3

67.1

80

70

60 -

5904

50

40 -

30

Water Content (%)

20

10

0

10

Cone Penetration (mm)

100




, fa fall cone test (¢cone -
penetrometer method) are shown in the table below

Penetration (mm)

5.5 /.8 14.8 22 32

Water Content (%)

39.0 44.8 52.5 60.3 67.1

80
70
— 5
€ 50 —
= PI = LL~PL
P
(;_3 = 59.23 = 36%
D
g LI = w.PL,/PI
= (28-23)/1
= .14
0 E
1 10 100

Cone Penetration {mm)

Y3unsuadan

gauzansduiaazidua

}’
ANTHAY ()

(W)




/’ o
/ o
v ~
A
//

Plast iy dubes

£
E
e
e s

-

T
- 518} %

Lagunad Inn

Iorganie vhavs of fow plasiicity

tnorganic sihs of low eomprosabiing

1 Inangaine cloys of medin phasterns

[ Inorgame silis of medivrs comprossthiliny and swyene sits
ST . I N

L} Dorzande chuys of gh plsticiy

[ Inorganic sifts of high compressibility and arganie clavs

Hid}

Pl =0.73(LL~20)

Plastony
chyrt

AEuan SL 50

RN

&l

LL wax PI

Plasticity index PH{%}
]
]

ool N\

"\‘c\

6, ap @b a3p &) 70 80 %0
b 4 Liquid limit LL {%:)
4 ]
rt
P
g
o
s




0 v W

] .\58;/#’/

& 10 te | _giij/ ﬁff’“’
— Q‘l‘{” Q“’
% 3 / R
& f’ /;/?
% WP = 18% q

P e

VA T iz

0,10 20 307g40 S0 60 70 80 90
b I Liguid limit LL (%)
{ A4 Simg%ag%jiumi
A & ]
;o /
&
T .
P
e
ﬁf/ f’
,/
s

30

€ 4o} Pl=26% il

Loy é')

£ |-Mgiugaupadl ﬁw

»

“§ 30 L 4

Ey H

: &

PR A

z Ve
19 f/ -

Lo/ fLL=59%

{0 " & LT
0 ,1p w2b 3h 4 sb e 70 s w0
R -’ Liguid limit LL (%)
k ]
T

rd L

A s

7
PR
f.“
7
A
;’.
7
0/




: cone test (cone:
penetrometer method) are shown in the table below.

Panetration (mm) 5.5 7.8 14.8 22 32

Water Content (%) 39.0 44.8 52.5 60.3 67.1

- 50
~ 70—
50

PI = LL— PL
= 59-23 = 36%.*

sl SR a\‘ﬂ“w
LI = w-PL/PI
= (28-23)/1
= 0.14
0 =
- 1 10 100

Cone Penetration {mmy

Water Content (%)

]
Piasticity indox PL{%)
L

1
e
N 52
N
U SRR S, Wi ¥
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0,1 2 3b 4 sh oeh 70 80 90
, 4 Liquid limit LL (%)
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Juafiszudieninudu (water content) aasfuluanIne199

e Liquid Limited, LL - Wunawmduiiud@auanngaiusival
(unguyr7u) Whdusgouswaadin (Fuy9)

® Plastic Limited, PL — iBunawmnudunfwd@suaingoius
wadin (Fuuy) Whilluaanushsuasuds (gvau)

s Shrinkage Limited, SL — Usunawmnufunduldouaingaiuy
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Plasticity Index, PI=LL - PL

a Liguidity Index, L1 = (w— PL)/PI




gsdifanfiugaturaasfuniiad...

O @1 LL, PL uae SL Yéannamiduiiniuszuassias 40 wiawdn
M1 0.42 mm Ctéud Sand + Silt + Clay) ldneagau Percussion
method 61338 Casagrande (1932) viathldnagau Cone
Penetrometer Method

U maviesau Atterberg fi 2 aen9: A131d Casagrande’s cupuay
asiluiuday

{1 Casagrande’s cup ag'lei@ LL ‘i@mfﬂuﬂ%mmmm‘ﬁuﬁémmﬂ
ATsNUAIUTEEy 10 mm (@radns vy 2 afesaiui) drunu 25
aFsudrfuluamnaudu 0.5 i

W astududuaglean PL doiuanuduzasduiidativldunag
1/8 inuddutintusaguanauiatdn (TaauanAUaLEUN)

ai |74 = P
ggiiAafusdaiuraasfiiuiie,..

O anste Cone Penetrometer Method aglévivan LL uay PL

0 negaudiu 3 Funussalunszuannagau

@ anaonldding 30 avat wtin 80 g ddaalvinsarediwiunan 5
T udrinszasignfivanadluludu

O a1 LL dueududigadiensaisduilusses 20 mm

O a1 PL fluanudiuiigndonzatefuiluseas 2 mm

& A LL uwag PL asihldsiinunfuiissetdas Usenaufusanis
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(Soil Classification Systems)
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P dlunan

O dszTunudaasnissinuniio dadasarsInnuaduriliiusu

AnLANTIGHDIAUMSTT q INNAISITALLILA S

0 snansadisdeldilscasainaseasuazefifisnaialuadeadivia

TuNuidu Adludundungendu i dunuiiausdsvinag

srUUAITIILUAUS AN ADIGU

. ruuntsIunduniiugnanarldaedvieuvinlulgun

2 ssuunstnundudas AASHTO (American Association

of State Highway and Transportation Official)

L ssuuasshuuaiiugad USCS (Unified Soil Classification

AU AR UM NAIWIFIASTU

System: ASTM D 24388)

O sruuatsswuadiuans USDA (Waarumediunisinugns)




sruuAIsIunuuu USCS
Unified Soil Classification System

O ssuu (USCS) il pnuintsuaiag Casagrande uas 6%ung

Usunlsuisa U.S. Bureau of Reclamation uazldTaduaudiag
flaatiu dyazldAius A 1IEINTsUTIN Uiy
#15796U a0 AUULIFILSIA

O wsnsfiusudanssuiintl i siuduauuassiusin

O fSeudsenudinwaizauiaassuiadu uazaisassateadaag

wiadiu uarudvauanisutidarunuiliaraaséiu (a1 LL uas
PI)

d  wdvduaantilu 3 aauua da duvieuuu (asrenudansia)

oy el - ot ﬂl o F=d P
dudaazidua (clay uaz silt) nazfiuniigsdunidunn

runtiazmisduiu 3 ndu fAa

O dudaueanu (Coarse grained soil)
—» A #200 unnnin 50 %

W dusiaaubue (Fine grained soil)
— WU #200 3namin 50 %

O @&uvin (Peat)
~» LLR < Q.75

= | | R = Liguid limit ratio Sasi@ruaay LL #l79da01eauudons
siaaeiaLifan***




A uaiafuluszuu USCS

HUaUASHU ALe (mm)
n576 (Gravel) 75 - 4.75
2 dryarunsy No.4
1) funiauanu
(Coarse Grained) ‘ 4.75 - 0.075
wine (Sand) Wiunsnss No.4

UGAIRTINGY #200

2) fhuiaaziaen i
()F-‘ine Grained) | ®°nau (Silt) uacéiu < 0.075

witlan (Clay) suazILASY #200

deydnuniuavdiu 2 G0

TdnusATENdengu 2 61 afu dausnflunduudn wasdinfidagay
tunssitasugasanuaaziarainuiyiaidagiiu

o gr e

Anufinunidsiusn nunigRdgn

G =n% {(Gravel) O = dulunSushs (Organic soil)

= ng1a (Sand) L = figawwansdindn (Low plasticity)

S
M = &uarnau (Silt) H = fantwwanadings (High plasticity)
C =dumili (Clay) w = flavaaasd (Well graded)

P = flauneaar'bid (Poorly graded)




GW

SM

Gradreaavaiingu

:  aseniiautaaazd (Well graded gravel)

: Gussnaudunsia (Silty sand)

MH

CL

CH

-e

duasnauificsnilunaiatings (High plastic silt)
(Elastic silt)

LY}

dusBenndiarsiilunansafinen (Low plastic clay)
(Lean clay)

: Guuflgddenundunanadnge High plastic clay
(Fat clay)

»  aaauddanuuilainasdiy

-

H: High liquid limit (LL>50)
L: Low liquid limit (LL<50)

»  ASASYasidiuavisiady
Gradation symbuols:

W Well-graded
1< Cc < 3unrCuzd dufunsraarsa
1< Cc<3uazCuz6 dudunsianaz
P: Poorly-graded




USC!

utiauenu (Coarse
Yeinn Sand uas Gravel

Mai@mivrszws. o] Group - gl

> 50% retametj on No, 260 sieve - symbol ' -.Gmgp “_'a‘_m .
well graded gravel, fine to

Gravel clean Gw coarse graval

> B0% of coarse gravel GP ooV araded :

fraction retained poorly graued grave

on No.d gravel with GM slity gravel

{4.75 mun) sieve >42% fines ae clayey gravel

well graded sand, fine to

sw
coarse sand
Sand | clean sand
> 50% of coarse &sp poorly-graded sand
fraction passes : SM | siity sand
No.8 sieve sand with

>12% fines sSC clayey sand

os 1 [+ ==
IS ANLUNG Y
SitaClay #200 sand "t Gravel
100 " 5 n
90 : : |
80 4 i i
. 60 B ¥
o : :
= 50 e 3
F o4 b 4 H
SiltaClay = 48% ' S
30 :
20 ;
0 il ﬁ 5
O k]
0.0001 0.001 0.01 0.1 1 10 100

Particle Size or Sieve Opening (mm)

1) ssudavindutudisuandadudeasd e nugdasgruihidudeveu
wiadiaasdaaunaiidy (Mansanmasunss# 200 vwia 0.075 mm)
ghaduduilidwisasninn 48% daiufidudievaag 52%
derfuSetuuntainiy “dudiaueu”




i
%%%
aie

dratenIsIUNG
00 Silt&Clay #2000 sand M gl
90 |~ dedl '
80 Sand = 96-48 = 48% - %

70
50
50
T 40
30
20

10 -

fracum Y

Silt&Clay = 48%

[y T Ty Ny S Y

%Finer
f
£
DR ) wﬁ%w R RN G

0
0.0001 0.001 0.01 0.1 1 10 100
Particle Size or Sieve Opening {(mm)

2) dayidududevianufaassyintfiunne (Gravel) wia wina (Sand)
Tangdnaiuiu 52% wasduionauiilu nne wia wann
Y%Finer nav siveve#4 (dvlduaassuinensiadunme) tinduy 96%
wiszavnilunsiaivingu 100-96 = 4% uanflunmmvindu 52-4 = 48%
anilu (48-52)x100 = 92.3% aasdiudleviou
aatuAwualailu “vae (Sand)”

o SiltsClay #200 sand ' Grayel
e
2a H L
80
i I
g 60 Bﬁ;,@
i 50 Do = G024 mm
= 4f  Dog = G024 mrs '
5 - Bep = G180 mm
30 pe 7 ° Cu = (De/Dio} = C180/0004 = 48 [
20 i 0 = (D25 (D1exDin) i
10 le = [.024°%(0.004x0.180) = 0.8
. ik b e VIO DL 1
0.0601 0.001 9004 ggq0.024 40780 4 10 100

Particle Size or Sieve Opening {mm)

3)  dlagiuiududavauuuunng (Sand) Bildsruanueazainanasdingu
Tnasi (Well Graded) wiaaaylié (Poorly graded) anada Cu uas CC
atagd C, = 45 (@annail 6) uas C = 0.8 (aglug 1 &v 3)
udavhifinuancd (Well Graded) Bunfinitin Well-Graded Sand (SW)




RagensFnunéu

Silt8Clay #200

#4
Sand
100 " ] ! Gravel

90
80
70
60
50

40 u
30 I
20 1
10 ot
)

0.0001 0.001 9004 g 01 0.1 1 10 100
Particle Size or Sieve Opening {(mm)

%Finer

4) iaeandi Silt uazs Clay HauaguInnd 12% (fuda 54%)
daraaniiudedaiilu Well-graded sand with silt (SW-SM) wa
Well-graded sand with clay (SW-SC)
nnsw Silt = 12% aetiuflu Clay = 42% Ssgndandai
“Well-graded sand with clay (8W-SC)”

sqléudnsineil
Y%Finer #200 = 48% (52% plus#200)
48% silt + clay
Y% Finer #4 = 96%
4% Gravel (96 — 4)

Coarse-Grained Soil
(Gravel or Sand???)

f

et -ﬂmmﬁ

o - Sand (S
48% Sand (100 — 48 — 4) 8
C, =45 g
o=
C.=0.8
«5% finus i: CrEand 1m0 E g : B SW sz
Rl =
% 6 antior [, < 1 of 0,5 3} e 5? ) :
f aih grave!
f P Tings = ML or MH —» SVW-ERE 1:2{ “ 45% graved —» Welkarad wth gl
/ Créand 1202 3‘<\\» 12V 5 - fml! r'r'zr’ﬁri ird wi!!‘- gii'I .qn(l et
f fnes m L, CH, ~ BW.EC 'C;: <1 ¢
SAND ,' HES R ] H ravel e l!«,m,}s ot H.H{f wliu Ly an !e
% sand > L1d% s { (o sily clay ant gravel
&, cravel i
o grave. X‘ fines © MLor M o 5P-BM o < T8 gravl —a Poosly groded mond wilh 540
\ = Gantdier (G, < o G ;‘»]i vaval —p Foosly HFHH{‘ sendd wilhy gl e graver
ravist ~p Poody mraded s il

fnes = 0L OH, -~ 5950 q;z v {or adly clay)

o CL-ML) f

raved wa Fooity ¢ graded s
43 0/ Hy st iy m{mvv‘
(A} y :
\ ey TS = RAL Or BB B SM«.—;—:«»E«- 5% arpyel =B Sty sand i
PR B Tho prave! —u Sitby candd st aravel
#12% ferg » fines  CL 6 CH - 8C et 150
M'—«-.._. e
TR Gans = OLBL ——b SU-5M &

#aalnmn PL waz L Aou




&un Silt wag Clay

WMajor divisions: Group B
2‘59% passes on No.200 symbol Group name
sieve
ML silt
Inorganic
Silt and Cla e oL |etay
Liquid limit < 50 _ .
organic QL arganie silt, organic clay
‘‘‘‘‘ MH silt of high plasticity,
Sl'ﬁ ai’ﬁd ; ei&stiﬁ Qnt
Liquid fimit = 50 ok clay of high plasticlty, fat
' clay
High organic soil Pt peat




aosiulifuagdiu

NIIMIUNACIENS
LAZHAGAIROS
Soil Friction Cohesion
Types Angle
(degrees)

Sand 300 to 450 0

(36°)

: Degaric and inorganic

Gravel | 35° 10 500 0 -j i

(40%) :

Clay 10°t0 20° | O tolargs,

{14°) “Typically"
15 to 14600
kPa

aasunstifiay (Shear Strength) N TB Y TG ITA AT

0B

AASHTO Soil classification system

AASHTO :auiaan American Association of State Highway
and Transportation Qfficial

faamanumusatumssuthuiintdindidasAusuniungu
ihen o adsargalsutitaasduiniun I dududuniely
Yauy

asunlduanisassanafiuaviddefunasiifiaAtterberg (an
LL waz P1) msilaudiuseuu USCS

fivilscnauena 7 nauudin fa A1, A-2, ..., A-7

dundngatumsTdiludunudunty da dunan A1 audlan
ngadiansu A7

ediafingu (Group Index, Gl) sudiaudduliTuraidninada
A& 12du A-2-6 (3) ain Gl susnafvGus tssinsdnun s




daiingu (Group Index)

Py o = ar o F » ey L Q-
wanannil Tunsawundu fvsiaeil Group index 2918152y

uivngueny Taginn GI susadatldannsuntseatli

GI = .24 + 0.005A.C + 0.01B.D

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

A= % pinunzinse #200 fiuanin 35% = (F -35)
B = % runzunsy #200 fiuinnii 15% = (F -15)

C = @1 LL. fiunnnin 40% = (LL-40)

D = @1 PL ivnnin 10% = (PI1-40)

F = Percent finer sieve#200

*x%en GI fnuvane fofiudiuunsinun ek

i

Himolar cfafids

Pavement

&

Landhng couiss;

B
rdh
¢

2

2

2 E

ER “,

] S

i 0 Ty

Ak

S - )
T @k ¥
g : ; sEnd,
o 7 Sunhage courses I

g Y a

o

&

E Xl

N
I oo YL LN »oiF
Seloct matanat oo s O C A

AL I
[ :l'.ﬂ ’:"C.,} A

Uncompasted subgrads
Byl




sruUuduNGY AASHTO azudetivaaniilu 3

NN Aa

U duideniany (Granular material)
— WU #200 tdaunin 35 %
- A-1 fiv A-3

0 dunlnandaa (Silt ~ Clay material)
— W #200 unnnin 35 %
— A-4 fiv A-7

(3 AudunSdans
-3 A-8

%

|

A-ia, A-1b
A-2-4, A-2-5, A-2-6, B-2-7
A3

A-4
A-5
A-6
A-7-5, A-7-6

A-§

AuaaadiauTus UL AASHTO

AU ADIRU AUG, mm
(Grf:ﬁi?izzzriai) 536 (Gravel) 75.0 - 2.00
g I
(Sii?éi?;féﬁm fuasnau (Sitt) 0.05 — 0.002
N;tizﬁéf;ﬁ;;ifo fitniier (Clay) < 0.002




e

conshibelent

ALk ¥
A
ol
iy Al
Payend pssig
00 a0 ey
047 mm % max 50 max] 51 min
075 e ] 15 mex 25 wood 10| Bmey $may 3mar I0mer 1 3fwin min Mpdn i
i hamnheristieasf
Fraction paneing
042 mw
Figoed Lisit Womer M Qoner Smn wer 4 wme [ mw 4 ven
Pageio bnden) fmax dymnt WP ) Weay W MWade 3on 10mer Boen | Hoaix {ning
Hevel tmanf Suone Framuents of Fme Siltyvon ol yprnal and sand Sty eode Tlane v ol
Pt L Pk 5 A8 B 3 R
mnificnd g andand 1 omnd

syl
Chmnl mbig op
s

e

Faeellend %o pond

Fely o gy

G

R T T e e T

Gie (8- 35000 4 DS (LL 40 +EHLLF - 15 09 1)

€reneral
classificarion

Granular marerials
(33% or less of total sample passing no. 2000

Ciroup
classification

A2

A2 An2-0 A

T2
[
]

Sieve analysis
(percent passing)
Mo 10
Mo, 40

50 max.

M max, 50 max. 51 min

Mo, 2040 19 max. 25 max. 10 maex. 3% max. 3% max. 35 max. 35 max.
Charscteristiog of
fraction passing
prey. 44
Laguid D 40 max. 41 min, 40 max. 41 min.
Plasticity index & max. wNP 10 mex. 0 max. 13 min. 11 min.

Usual rypes of
significant
constitient
materials

Swone fragments, Fme
gravel and sand sanc

Sily

ot clayey gravel and sand

Csenernl subgrade
aling

Excellent w good




CGreneral classification

Silt-clav marerials

{More than 35% of total sample passing no. 2003

CGroup classification

f’i‘&. “‘i

A5 A-6

1’%

H
. )
o

Sieve analvais (percent passing

MNo. 19
No. 40
Mo, 200

) min.

36 min,

36 min.

38 mun.

Charvacteristics of fraction
passing no. 40
Liguid fimit
Plasticity index

A max.
10 max,

41 min.
1) max.

A0 max.
11 min.

41 min.
11 min.

Usual types of significant
constituent materials

Silty suil

5

Clayey sotls

General subgrade radng

Fair to poor

Yo ATS P LL - W
" Hor ATty P LL - 30

i I=f

(et

BIHF 15K

GEFANEE
401+ G 0P

W OARLL.
IR UL

Step

| 5




GI=(F .3 3530, 240 005(LL -
45} + 001 F-1 5)PI-107

Gi=

F1=0 01F-15)FL-1)

i 4
pe

- Shop

£T48




Example#1
4.75 | 2.00 | 0.425 | 0.075 Bgp 1 Dy Do, €, G, I LL | PL|PI
#4 #10 | #40 | #200
82% | 80% | 85% | 64% 23 117 6
Solution: >35% Passing no#200: Silt and clay material (A4 -
Class. Criterion Test Limit Actual Values Answer
A-t-a 2.00 mm (#10} 50% max 0% No
A-i-r .42 reun (F40) 50% max B85% o
A3 0.42 mm (#40) 51% min 88% Yes |
0.075 muni# 200} 16% max 64% No
A4 LL 40 max 23 Yes
10 max

“Soil is an A-4”

-

L

=xample#2

4.75 | 2.00 |0.425{0.075/ D, | D, |D,.| €, ¢, | LL | PL

H 110

0.075 mm 16% Yes

u . &l
#4 1 #10 | #40 | #200
85% | 68% | 38% ; 16% 36 |14 | 22
Solution: <35% Passing no#200: Granular material {A1 — A3}
Class, Criterinn Test Limit Actuat Valuss Answer
Ala 2.00 nun 50% max 68% No
A-T-b 0.42 mum 50% max 38% Yes
£.075 mun 25% max 14% Yes
] P G max 22% No




Example#2...

T 35

4.75 | 200 [0.4260.075 D, [ Dy, D, | €, 1€, LL | PL | PI
#4 #10 | #40 | #200
86% | 68% | 38% | 16% 36 |14 22
Solution: <35% Passing no#200: Granular material (A1 - A3}
Class. Criterion Test Limit Actual Values Answer
A-2-5 4.075 mm 35 max 16% Yes
LL 41 min 36% No
el 10 max 22% No
A-2-6 0.073 mm 35 max 16% Yes
LL 40 max 36% Yes
P 11 min
min
41 min No
11 min Yes

“Soil is an A-2-67

fatingu (Group Index)

uanatnil wnsdtuundu Heaaedl Group index 1918u132ine
uiivnausiag Tauiat GI sunsadnarldangdinisealadil

GI = 0.2A -+ 0.005A.C + 0.01B.D

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

F = Percent finer sieve#200
*¥ kg GI s fvaudiunsunun ek

% WruazuAsy #200 Nuinnii 35% = (F -35)
% WiuaziASY #200 Aunnin 15% = (F -15)
a1 LL. fisnnnii 40% = (LL-40)
@1 PL iuinnin 10% = (PI-40)




fatingu (Group Index)...

O arwsudungu A-1-a, A-1-b, A-2-4, A-2-5
| waz A-3 a1 GI azvinfAu gue dua

Tl

0 @1 GI anflwmausunudiuun dedeusgue
tilusiasta

O a1 GI anfludrahasuunduliazdaaundu
TedrduTunsguidanfiu a1 GI snvdiu

O éduidien GI dag aztiunzauTunisindiu
Subgrade unnnn

Btingu (Group Index)...
U @1 GI aashungs A-1, A-3, A-2-4 uaz A-2-5 fldvinfiu O

Q  duiludunasniu A-2-6 was A-2-7 GI gransadiungld
AT S

|
GI = 0.01B.D = 0.01 (F-15)(PI-10)

% rruaziinsy #200 fiunanii 35% = (F -35)
% wUATIASY #200 fiunnnin 15% = (F-15)
¢ Liquid Limit flunnnin 40% = (LL-40)

= ¢ Plastic Index iunnmin 10% = (PI -10)

= Percent finer sieve#200

1w B o T < -
i

*¥kgn GI sinuug R Aud wunsnun Tafgn koo




aaifinsu (Group Index)...

L daniluduaainilu A-4 uas A-7 GI snunsadiunaisann

8N

GI = 0.24 + 0.005A.C + 0.01B.D

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

A = % suasunsy #200 Aunanin 35% = (F-35)
B = % rinumsunsy #200 flunnnin 15% = (F-15)
C = ¢ Liquid Limit fisnand 40% = (LL-40)

D = ¢ Plastic Index fiwinaii 10% = (PI-10)

F = Percent finer sieve#200

*kkg GI e g Hoaud minncainun etk ko

Example#3
4.75 12.000425/0.075| Dy, | D, 1D, | €, |G, | LL | PL | PI
#4 #10 | #40 | #200
B5% 1 68% | 38% | 16% 36 114 22
Solution: A-2-8

Class. Criterion Test Limit Actaal Vahies Answar
P25 0.075 mm 35 max 16% Yes

LL 40 max 36% Yes

Pl 11 min 2% Yes

GI = 0.01B.D = 0.01 (F-15)(P1-10)
GI = 0.01 (16-15)(22-10) = 0.12

Soil type: A-2-6 (0.12) aduuunzdndy Subgrade




=g} T AASHTO Xu ASCS

TEHL AASHTOD Tl lﬂlh@:i
Al
At
A-G o
A-Z-4 oL, ML
A-2-5 CL, AL, T, ik
A2 L, ML
AT CL, ML, O, R

parsd <L, ML

Al Cb, ML, CH, WH

P CL, ML

AT Ch, ML, CH, B

A3 Feat and Muck or Organic

S Comparison of (e Unilied Svsiem wish e AASHTO Sestem®

Soil group _Comparable soil groups in AASHTO system
T4 Unlhed - - v e e B e
svstem Most probable Possible Pasmbk bui Hnpr ohabfe
GW ‘sll‘\“?,"rs\"’"’
ar A A-3, A
{iivi A= A
G0 A= A
S8 A
sp A
S A
sC A
ML AT
CL. A
0, A-f
MH
CH R
EEH e
Pt e —— —

“Afer Lin 11967)
Soivrre: Frone A Review of Enginecring Soil Classilication Systems. In Highway Research Becord 136, Hivhway
Researcl Boasd, Naticnal Researeh Council, Washinglen, D C, 1967, Table 6. p. 17 Reproduced with perimtssion of the
Transponlation Besewreh Board,

111




. %;K??

6. Classify the following soils according to the AASHTO classiflication svstem:

Steve Analvsis (Yofiner) Adterberg Limn
Soil Na, 14 N 40 No. 200 LL. P
LA 92 8] 31 29 16 |
B Gl 49 22 - NP
C 100 B4 71 53 21

O enasgauiniufiudiewayu (Granular material) wia
Audiaasndan ( Sit-Clay Material):

g1 35% (51%) duasuasatuad 200

wamviiu Sit-Clay Material

“ranaaniu A4 vida A5 vida A6 uia A-7-5 URE A-7-6)F KX

Atterbere Limit

E Soil Ne lg : WNo.40 N0, 200 LL. e,
A a2 81 A1 29 ! 16
LT e ) & ¥ ' | it e 19 e -
D IHITUOIIRA UG }"U'ﬂ OORFALNDINAT T"iijijﬂl‘ﬂ‘ﬁiﬁ AERR At
Clazs. Criterion Test Limit Actual Values Amwer
- Lo i e o o o @ r; II G4 - f‘\ @
ERus {hanmn) (CHTYIE) (M PIPEDY ﬁ] {ATEOUHHDE T
A G078 mm =200 36% min 519 Yes
L A% max 194 Yeg
Pl 109% max 29%- 16% = 13%, No
A5 0075 mm 2200 36% min 319 Yes
LL 1% m1in 19%% No
Pt 0% inax 29%= 1i% = 13% No

S uEaa i AT fodulungu A




72% pass #200 (>50%}): Fine Grained Soil

“oil Classification Chart

i

: Yl i
Criteria for Assiguing Group Symbeds sad Group Names Using Laboarainiy

ol Classification

Groug
Sybot

Greup Name”

COARSE. Cinvels Chean JOoavels

T §

G

Well-proded pravel”

GRAINED SIS AMore tian 505 of {ess i

ines™

g

Poarly gradt gravel”

Sore than 50%; evene fraction

. Graveds wih Fines
reiained o Mo, retirod an Mo, 4

G

Fiy gravel O

0 siave sivve More thas 129% fines®

GC

Clayey praal#20

Llean Sards

pay

Welbgraded sund

Lozsin 2

sp

godt sard’

S

(el

nid drigd

0

a0 IR R
Siits inargain TAT CL Taan chig™
Ligu
e 8l <% 4 or plers balow ~A™ ling’ Ml
wrganis Liguis Bmit ~ aven deied .
i S <8 ES

72% #200

1 plots Beiod v A

M

Lig

LL =65

O

TRGHLY GRUANIC SOILS Prisanily negunic matfer, duark in eolos, tod orgesic ador




B0 - i
___________ A
- 7
A , &
. Pl = 40 . N i
40 oo eI
y e - e high plastid
o i et
B z ok — V _
) Eroy IR N A '\ﬂl‘dcwus or dmmmﬁmsus T
R . Mo T 4 Hine sandy and sifty soils; ’
T BT -~
jé- Low plastic inorganic ,af piastic R s ,C:;ﬁttcashgs.ﬁlga.'m_ silts,
. N \ nene L MU - s, 5Pl
B i T cays: i«mdy wnd [ irerganic Y By clays -
36 b sty clays \‘ g:éay}&.,.adﬁ e S Wy o | % SNSSUSM W .
| : o : . .
L SHry clays: N er _— N
-~ elayey silts - i I
. 10 i sands T notganic and orgends silyy ! -
7 je arwd silty clavs of lod
3 ﬂ o’”"‘;z = pasticiyy; rook flould I
o e ~— sttty of ¢layey Hise ahncds 3
e, 30 40 503 &0 il & &3 140
Ligurd imit LL=865
72% pass #200 (>50%): Fine Grained Soil
28% pilus #200 {<30%)
- I it
e gendd % gt -::: -
o g!lr&fwr £
G

At wath gravel

it sl

e (e S50 Rl 4 T

p Fat clay
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1) Sunaianudiu (Water Content)
2) desdrivinssuiadingisrudaying (Void Ratio)
3) szdiunmsdudndimit (Degree of Saturation)
4) anuawInne (Specific Gravity)

5) zmunsuardnuaznsnscatgaunaasiaiu (Gain Size
— Distribution)

6) emumuuduéiuding (Relative Density)

7) WhAn Atterberg (Atterberg Limits) — dauzfuninazifsa

Asuadiatiu (Soil Compaction)

A&

angulifvyn1idaInssy (Engineering Properties)

1) shufnds¥udnuiin (Bearing Capacity)

2} shuAndssuuseiiiay (Shear Strength)

3) sghuanusunsalunmsluaduaasiivwitudu (Seepage)
4) dgrumsiadaudnuasiu

= TuAISaaNEULLAZS sl A LT asAL AU dasns U

- ‘ aasiddduiiugiuuanedhalnssutasiu

= fatsdiifaavsfiunividinssuacdudius Adanunuidunaséu

diotiu Tunhvadednsiinsusinlssaaininaaséy




nsUSuilgeaaininuasdiu

mstiudgeantawaasiuiunssuiuntsivinldduan
5551216 Danuunuviusianisiangday dunsasuihuiinusa
maasrasmalanisuldound avantwatnng

Tagaratdnisueiio msvirbiwiusranaiinalawn: ansaruau
amvaaay wiansldassauindsanaag Tusduasaagnialvsa

sdupgaruGu agTudiu

flasaudniisndasiansaiian aunaaacaslfuataudulu

WrndunTiauuiuisgegn (Hogentoger, 1938)

U arduerumiunudy (Density) aavéiu

O wanadguuseiisu (Shear Strength) vinliltuA Seuunnau
(Bearing Capacity) aavéiu

o wWniugddesnndu-enuadae (Wiadinlssiniarudoudu)
vivillaannisugadviuiviule (Immediate Settlements)

0 Au Stiffness Aashin Tvaansusadilussazann (Long-term
Settlements)

0 aadadsiwssuitedu (Void ratio) uasnisdisiuni

(Permeability)




asueaadiu (Soil Compaction)

A Tiwdveuunda (Compactive Effort) wazannudiu (Water
Content) Awaniinzunuaduy wialildaduiznunBaedrdantiudu
rliilAGHaG &a
1. asdavitdTwdadu = aruvuudugeiiu = ngadivanas

- © . ar A o g P
2. AUAAIuAsuseLE a1 — duasiasrduunuiinieunndu
3. ananududiutiaasnadu = Autdnasiladuntséid

4,  anmsia-uainaaidiaiu = asngaddaumaTaussgs




n1sundadu (Soil Compaction)
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« Modified Proctor Test
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§- Sheep foot Roller

3- Smooth Rollers

4- Rubber-Tire
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sg1seadndiey

0 emuaHanazdiaiaadesienain R.R. Procior (1933) ldauua
e datinaruidndusssauinidafidudenudiu (water
content) Auauiiu (density) aasduitldartnnisuandn

vasdfiidinas

@ Abasdenanaaurls
iudiaausuuasiie
Tefvazaunsuade
HuTusunagsy
Taarirldininsg
NAHDUUINT I

(Standard Proctor
Test)
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Befinition:

Soil compaction is defined as the method of mechanically increasing the
density of soil by reducing volume of air.
- - . M )
Fotal density, pﬁxTT fgfml = 31g/m’]
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Soil Compaction in the Lab:

2 blows
Pt g

1- Standard Proctor Test
2- Modified Proctor Test
3- Gyratory Compaction

e Faron

Sait Grmpls
U eukle frat
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Standard Proctor Test
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Modified Proctor Test

Gyratory Compaction
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Auniuiinuasiaunssiia anugeaasscardaan druudfuang
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Number MNumber “Weight Height of
of biows | of x of oy drop ol
per Laver, lavers / \Daminer, . hammer

Veolume of mold

E 1143 mm
e agnatar
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el mm
- (LSRE in )
Weight of bammer = 234
Omass = 5.5 1hy
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:<—~ dimmetey —
| {41} !

{a 5




Brandand

Froctm

Modihed

Prigetior

Fhon® « s.ov

an™ v an”

— i
i

5,000

s, Bl

Nunther
ol hlows

Jrer laver

s

Mumber
of

lavers

Weight
of

hammer

Heteh of
drop of

hammer /

Yolume ol mold




]

s, i1 ST unit

LOOD

LA
Lol
o

i’ s 600 EN-mdm?

123

TE fi-Ib/HT == 12,400 f-1b/AT

Soil Compaction in the Lab;

1- Standard Proctor Tast
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increasing compaction energy
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passes of reducing lift depth
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= increasing number of blows
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ANSAIOLIS

Total density,

Diry density,
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lg/ml
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ANSAVEUI e s

Adr-voids content,

A = Volume of air
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Dry density,
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o~ Mo Air Void (S =1 G0%)
-

Fimay (JAod.) - Mogified Compaction
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Dy Side WerSide
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Total density,

W Water Contect, w,
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—_— lo/ml = Mg/}

£y [g/ml = ¥Mgan']

.h kaoratory test for a standard proctor is shown below. Determine the

optimum water content and maximum dry density. If the G, of the soil is

2,70, draw the ZAV curve.

Volume of Proctor Mold Weight of moist soil in Water Content
(%) the mold (Ib) {%0}
1/30 3.88 iz
1730 4.09 i4
1730 4.23 i6
1/30 4.28 18
1/30 4.24 20
1/30 4,19 22

O :%VL (g/em’or To/fth)

!

Py =L (gfem’or Ib/£°)
l+w

Py = L}f(‘;— (g/em’or Ib/ft)
I+ c !

r




Example:

%@w&

The laboratory test for a standard proctor is shown below. Determine the

optimum water content and maximum dry density. If the Gs of the sod :s 2 m

draw the ZAV curve.

p dry

T+w

= Lo (e or /A1)

VYolume of Weight of Soil Water Bulk Unit Dy Unit | Zero Air Void
Proctor Moid in Proctor Content Weigghee Weight Unit Weight
(%) Mold (ft2) (%) (IblFe2) (Ib/f6%)
1/30 3.88 12 | 116.4 | | 1273
1/30 4.09 14 122.7 122.3
1/30 4.23 ié 126.9 11i7.7
1/30 4.28 i8 128.4 11i3.4
1730 4.24 20 127.2 1G5.4
1730 4,19 22 128.7 105.7
3 3 Gs'pw 3 3
P =—— (glemor IbACY  pg =— 5%~ (g/om’or Ib/it7)
. wG
f 14 —==
S

130

&= 110

105
100

10

15

{

20

Water Content (%)




10 15 20
Water Content (%)

25

laganiidnswananisundniu

isznauludans

0  suaviuardiazaséin i Gunsig vsafuliulian Auiaans

warnaafindadashil
- | o
0 Sinateuduludnisivaiadu

o amwinasaulusaiuiinasde i annd dssinnaasetu

£ - of
arinndasdugunuada

o m&tunsuaia (huiin suusauuaiia)




- UsznniaSasding

':i? Smoath Wheel Rollers

ooy

« Pneumatic Tire Reollers

+Eheepsfoot Rollers

s Vibratory Rollers

sAvIS LA UDILAZRYENS
B » AOUAIANMITD 2-20 tonnes
« M@ miunulsnian Well-graded sands uaz
= Gravels silts Haz Clays of low plastieity
- T hlmnefy Uniform sands, siliv sands. soft elays

o .,
s v TE Y 548 tonnes

e IWRIIB WYY Fine grained soils, sand, gravels

with = 20% fines

Wi ir

8 A " . -
Mabmanefiu v ery conrse soils, uniform gravels
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» Rubber-Balloen Method

» Muclear Moisture-Density Method

Nuclear Tast
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i bantars

Source
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AR ABIVIAIINUUINUUAD G Tal iU
(Field Density Test)
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soamsn,

1) ansvensufdansveaas

abgit 1 2 3
tnitinane + wes
faunid (g) 7,300 | 5,925 4,557
thuiinan + sy
uéaain (g) 5,925 | 4,557 | 3,185
wutinuesiaty
nsg {g) 1,375 | 1,368 1,372
Wamnutinnse
Tunsig (g) 1,374.7




et i 2 3
Binsnsn (cm’) 890 890 890
dwtiavsnatunsia (g) | 4375 1,368 | 1,372
ANUUL BUUNS LT 2]
vndau (g/cm?) 1.545 | 1.537 | 1.542
i dgaruuunudunag
nsantdve o 1.54
(g/cm3)

ik

O dSumhauliidauidssdu Q ﬂ’i‘ﬁﬂfs's%wswtﬁwsm“luamw
: . dsaasiina'ly
0 LaTUHUTA I WBUGBNUYA ) B ﬂ‘
himanusinla 0 Seninuiinnsraivaaid
O wauguiindszinat 10 cm O dunmallsuinsdasynann

0O 1fudivadredudivunadeuinuiin
BRAZWIA T

=3 ﬁg
ﬂfsmmm;smmmsj‘lﬁ TEYZ- LR
uinpuuBivadau' i Tusauusn




1815 HANTS
fiufin
enduuiunee (g/onms) 1.54
thuiinane + wsa dauads (g) 6,700
thuiine + vsa uleads (g) 3,460
huiinusanualyl (g) 3,240 | = 6700- 3460
B thutinnsiatunsia (g) 1,371.7
dumiinnsiatuuan (g) 1,868.3 [=3240-1371.7
""""" tBussaasuqu, ¥, (cm?) i,213.2 =%s—
thutinfusinuan, W, (g) 2,700.6 27'00 ]
AaTnuIbuaasiiu (g/cm®) 2.23 :‘{m







HANSEVLY A AR THA I B ASSU ST L
Afauasdininuea

arfrtumsiuaaaniitddu - Darcy’s Law
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O afnaaaaniifaasiraluenuduiusuas ey (P), dBnas (V)
waraaundl (T) = Thermodynamics

3 mﬂwmmaimmasgstﬁmc&u‘iuu‘%wmmmnmmmmﬁ i uanAIs
fdauadueleaaai

radiation

Condensation

© Precipitation
%

Evaporation
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1)

2)

3)

wsadiuin (Water pressure) vnliafiasmwaadanuanafuanad
aaNfa useduiarllaadmnudiumussadautnadanionis
3176 (Failure surface) wavihlusaanuanuuude (Tension crack) uu
anuaetuaniuwsediuiaday (Driving force) Winafiuinnisiday
laalddadu

arwmdfu (Water content) ludiuvdamaiuifisnuduasgeasviaia
huinnasduiindudearavinisiaadas g alunisaudeunndy
wagluuansd wiu msuldsuudaeanufiulunafuidufuduay
(Shale) anflupsisensaanadinWe (Weathering) sasnadiule

msudladinaasin (Freezing) Tugraguuasvi i funsndac
Tusagianiassasianuasiuiansuenad’ nnsauranauiataniily
saguanuyIa Ingfuazatais N Adiuse wasistiandunisseung
ihaanansatuaniIe GedinalaunsefauseFuthlusanuen

B
1) wsvsiuinsauuan

Tusnaiu

Original
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o,

2) armiu (Water content)

S e S L c Xy =
Waler seeps into cracks and With repeated freeze/thaw
fractures in rock. it expands aboui 9% in cycles, rock breaks into pieces.

volume, which wedges
apart the rock.




(a) - | (b}

4) asfinnsau (Erosion) WetiAadudunuiuinianuasiiunsnagiu

saauanuadfiuviniudnsivih i ldaulualdidu wasduwsaiiu
igninndauarllgadusyuussineti (drainage system) 131381273
R okitht

5) ihiidiuaanuifivudnaiadu (Discharge) vinlvidastfua g4
unsgatinaananauiiney vinliesasdnsviouteiduniuiiian
wazazganfuBnadeasaislunausaiaiishintnadudinum

6) Gulusatwmal (Liquefaction) AfBunanhludasinegs anavin

v o ol o o RS o = - » o
Tuseanainiaganusssuingeninisinuasfuta Fellagrinlu
Tasesiemisiaingsuiia iuufuuaiianaafosniwlé
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Q Liquefaction is phenomenon in which the strength and stiffness of a
soil is reduced by earthquake shaking or other rapid loading.

W Liguefaction and related phenomena have been responsible for
amounts of damage in historical earthquakes around the world.

L Liquefaction occurs in saturated soils that is soils in which the
space between individual particles is completely filled with water.

L1 This water exerts a pressure on the soil particles that influences
how tightly the particles themselves are pressed together. Prior to
an earthquake, the water pressure is relatively low. However,
earthquake shaking can cause the water pressure to increase to the
point where the soil particles can readily move with respect to each

other.

Before the sarthguake

Loosely packed
grains, Pare spaces
Filled with water,

--“‘n_h-

Water-saturated
granulartayer . .

s

Buring the earthguake

Sand

Sand boils -seu—

sand dike .

Graing pushed [0
apart by upwarg
flawe,

EARTHQUAKENDUCGED LIGUEFACTION

injected into

averlying sedimant.

i
4
*
i
:

I Aok

Tighily packed layer.
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Dry sediment grains

Sediment
araings

Pore
water

Water saturated sediment grains
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Sediment
grains







 Aquifer (Sufingauw)
Aqua (Latin)==Water + Ferre==Give

Aquifer: a rock unit that will High bydraulic-conductivity aguies
yield water in a usable

quantity to a well or spring

{aw hydregliccondustivity confining unit

ey low fepivanticconductivity basdinck

Transpiration

by wegetation e THrection of ground-water flow
1y
% 5 {; Unsaturated zone

i Water table

Water tabls

Nonartesian well
(must be pumped

from water table) Water
table
e Flowing Vadose zone
. artesian well -
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one of Groundwater

There are two zones:
I. Zone of Aeration or Vadose Zone

(tu@duannae)

lf. Zone of Saturation or Phreatic Zone

] A
(LN NU)

arsds P

Pores filled with
air ang waler

ﬁ;@g e

s
Fores filled
with water




Aquifer (fufudinin)

“Saadiinats” uia “Huduidndu” Bunit duiudguh
(Aquifer) degnunsaueudinsarnisfiennihuiea
aaniihi 2 2Adla

1) Hufiusru (Unconsolidated Rocks) wunadis Guit
Usenaudanznausneg Nsaudfuuefielindeds wu asie us
fuufian nastAufui gssudIaINge 95w wuia Suwdth uaz
nia s

2) Hufiuuds (Consolidated Rocks) wsnadis Budtdssnauds
ws51a6199 Nsrudfunazfisisundaudsranuaun anadudiuads
ts Bunsna duduaiu Bulu Bunsia Buinug Suunstieo uus
afaac usu

afagieludiufiu (pore or interstices)

ataviveludiufiu udsaantiiu 2 vion fia
1) <«davivilsunil (Original Interstice)

f) daevTuiidernnu: WRRNNTTUIUANSTIUn ar s
warnistEudradaznay aaaaaunsaEnudiaasacnau
matddsndnusteg vithidnunuarmnedasinefia
uWnUane1a i

o) afaeineludiudail heduiiiasannnsanninainnistdy

shaasuiansisznauiiu vinTitfedasivudaTvseannd

Juiy 1y fiuuzeaad davitsaithisaiiasiu




daviwtudiufiu (pore or interstices)

aasineTudufiu utvaamiu 2 win da
2) adasrunbienil (Secondary Interstice)

Y idsannassuaswiessalinaiifiihllunievianadiudts
Anduinaaunsaanumsi senaudraussnadusmatuian
i ldiunanimidaidesataafluadavivdulusamian
(Fault) saguan (Joint) uaz saas1n (Fracture) huianaf
wintuiasesdrowniiazwuluiivnds

v asmumsnnssiliuaniandriuiledia asfnadau was
aransafiinhisaguandruduaananiieaaniy wu 8
Huju

porous sediment tack fractures welksortad sediment
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2) s esd lifuasdnauialaa

3) nM513uea tNfuazilfumitaunsn
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4) 50802 IkT%AR (Bedding planes)

5) SOULAN IwEwiAn (Fracture + Crack)

awranznawlugindn
4.75 mm

IR (Gravel)

AU AAZ DY
4.75 - 0.075 mm

1918 {Sand)

AUIALRRAZNAR
VNN 0.075 mm (#200)

nsnauils fwniten (Fines
(Silt + clay)
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B usedivin (Water pressure): aausviduaniu

> enudiy (Water content): (urhuidn

v

nsudledinzagin (Freezing): duAnn1suan

asfiandeu (Erosion): siue nsnauiidnnsaugaa

v

%

dhiidiuaanunifeudiiainéu (Discharge): wivius11a

autuanwvan (Liguefaction): Tasvasryngads

A4




aqlitia 1 uay

dudiuduih (Aquifer): fiusru waziuuds

dutiuguin (Aquifer) da Fu “eznau"viadu “Gu” iy
wmasdusadupulé

v fiudu: asnaunsialiameg thesluasusiagiressuiiasie
gnay (Wensadidavisaunatdnninnnadsrin ivasseaudn
asiniaianndt)

v fivuds — Biudiail waz tunls fiudueitu fdnwandafiuuiy

e uasuztavite Tusasua nsaaianiaz TWsvasaie

mﬂﬁ 78 1 uaz 2

g A

A) flaginvilsund B) dlavinsvaunil

2
1) M35 PIAMRLMTAAVUIAG 4) saualwiniin (Bedding planes)

o

=i £ 1 1 E5 QL’
2) masasdlaifuazanawialaif 5) S2UULAN TR (Fracture + Crack)

3) et e ladfinasiifwniioaunsn




aqulihiia 1 uay

There are 2 zones:

I. Zone of Aeration or Vadose
Zone <

(tuaiuannna)

Capillary Fringe

II.Zone of Saturation or y
Phreatic Zone

(tmdanin)

Porostmmetrs
SEIFTIRYR

\"'ﬁ’éﬁi‘if‘ takde
wat

Hrissan
well

1) Unconfined Aquifer:
Hudiuguinisdusadiu




sgguvihda 1 uas 2...

Rechmrge

k)
é :
i

Flawrsg

2) Confined Aquifer:
HuBiuhguiniusadiu

Parele

Wates waide

W

AprTmn

sguliiqdia 1 way 2...

fanharge
e

YWatar
sl

Flanwng
1324

(3)

felchos S
At [l Tatcr Takie

plee

3) Perched Aquifer:
dutivguinlaau




¥ o | : 2 s
iinaaagelauildaiudasing (dguafiviataging

nhanf) vasfudrndandrAsredudiy “aasuiduaiiuay
AR WA " uAfATINIIARAEAS”

aduffinadanislvanasdiuiena

O wselinalvuasian (Accretion gravity)
L anududaeidand (Hydraulic head)

O ufsaémﬁLﬁa'»nmus\aé’ia@g@ziwdw‘lmmaﬁﬁ
dufdruavdinnznay (Molecular attraction)




O anduiGuag

ia (1)
v anuuiia (Viscosity) — Dynamic viscosity
v ANUUIMUUZ AU (Density)

O amuauidaasdanaty (Porous medium) - Fuiiunena
v amuwngu (Porosity) memmmaﬁawaﬁmmwm
v dnanuduriuls (Intrinsic permeability)

UANMTN BRGNS

O eusunasgassin (Total head)

v anudutilacannsiumiensaniuge (Elevation
head)

v anuduiiasnmihvinaacii (Pressure head)

amauiBuassianats (Porous medium) dadasiamsiuauasiildbiu




aGiuacsns — Hydraulic Head

:L{}W mrmﬁaiﬁﬂy n@rzi‘mmg

ma”“mm"mmgmmmm “mmmmmmsmma”

hléeeinuusteNdannu “duaadidassn”

- P Total Head (h) = Velocity Head -+ Elevation Head (2)

+ Pressure Head (h,)

I =arududadisiasssl
z = asiduiineaanIni g
P =aruduiiiasanndutin

% o
AU NETIL

kRt gnufuduinldsuanmihaasmsiuaiaiasnng
> deana'lldasiarsanfle sundlviivindy 0FF*




Elevation Head (2)

£ — anugsuassitunie B
CRGELEREEN

Ps'essure E-iead (?i )]

5ERUUN T

Puriruea A
(Unconfined)

Fuiutle v

Hu11e18 B
(Confined)

ﬁgmummm)

¥

Coartesy of U5 Seologiral Suivey




Langd Suarfase
:

sefuin v

#urnia A
(Unconfined)

FfuRuila vy

usirma B
(Confined)

o

Courlesy of U S Zeniogaal Survey Sox Lueg!

L Serfacy

$@f111in ¥

I8 A
(Unconfined)

Fuiudla vty

Pui1aia B
(Confined)

oo

Courtisy of (.8 Soological Suevay Sey Lot




MIIOANMUAULRAIROS QL LU @ Pressure Gauge

109 Tudufiudutiiagns

wasfiafiGunin

“WReeiladiteas (Piezometer)”

ileisng

+MSL

o w Bw»ua“nemnaf&umw!wﬁw

Bepth

hy = P/{pxg)

|

“WAoeleiivead (Piezometer)”

Z = MSL - Depth

Datum MSL

pes r 1 em e af e e | Cor
@ pressure Gauge »  SNUWUIRNAuNiasIaTRagfsedy 100 m

+SE

80 m

100 m

Z = M5l ~ Dapth

Datum

D P = 100 kPa

=100~80=20m

PIASLAULINILA

o

> Piezometer dndefisedudnanfingu 80 m

MBL




=7 Pregsure Gauge

+i4EE

100 m

80m

hp = 0.2 m

Z = M5L ~ Pepth
=1i00-80=20m

MSL

Batum

}

.

o,
»

fwnusfrdurinsiaieagsvdu 100 m
AMNTLEUUNSR

Piezometer finduisedudnainfingdu 80 m
anruasent (P) 16 100 kPa

L 5 1 £ am 4:‘ s L af -2
Pressure Gauge »  ONUWWINEIAUNIRSIVIRagRsYen 100 m

5L

100 m

80 m

P

hp = 102 m

£=320m

h=302m

Datum

IMATYEUUTINELA
Piezometer aadoissdudnanfigiu 80 m
aruausgeu (P) 16 100 kPa




) 1 ¥ ] o ) ' =% = 7 .
wreers :  ayasa T dv wnguuaadisrlailned (A B. ©)

o JUSS SR NI SRS N JAURY- RS R R
T CHA DT HRBER I Miudsen (IR EEERCE

NszduauEnal 9

A B C

FEAURIA U (Surface elevation) (UAT ) 208 225 223

seduatanue oy Tafined 150 1 G 75
(Depth of plezometer) GUAY)

sedunIniEnBazinh (Depth o wates) (97 80 77 &)

WINANMUGUT R EOSH 21U TU AT EAIRENIIMS IR Y a1

0O total head (h)
W pressure head (h,)

U elevation head (z)

o
i

............ LT

"

2834 (Surface elevation? (URT)
sedua i invonfey Tathaed

{Depth of plezometen) (1HAT)

FedLn TIAMEITERUN Depth 10 water LA T)

il

ol}




h

= 1254+23
= 148 m




o= 150+150
=165 m

0

he = 225-60-150
=15 m

=50

= 125+23
=148 m

o= 180+150
=165 m
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Arinsauasinldau

<

nadudsuuduiiasianuduaaaRasivindgu

waeFdmMensluaasdeaaf L duiiianududasgasivingy

“agunannfnssunisinananinauigawgy”

O vennissddnsamdindsda Henry Darcy
(tud 1956)

O dawnstuasuisadifisusu (Porous media)
tHufa funsn

O destngiua (Q) ehwirawjundsduasdunmsgade
gasnnuduaadsEas (Head loss) uasusuaiudy

raemavdam i vaniu (L)

0 Bnanslvazashasiuagfuaidudlsidnieasnsduls

(Hydraulic conductivity, K) aasimaiiu




i )
| |
3_1 ) Cant}
[ L 1
|

K — Hydraulic conductivity (cm/s)
Head Loss (Ah) = h,-hg
Hydraulic gradient (i) = [hp-hgl/L

“aititagéiu

g

O Yagwgusiad Homogeneous uasluignemii (S = 1)

O asluaciluwuusudeu (Laminar Flow)
(Fruunaaat Reynolds's Number)

L Reynolds's number (Re) I~ = o

I

f

=—x——=1

e e/

J e e ——
A
Laminar flow: 1< Re < 10

: s
Turbulent flow: Re > 10




= anunuiniugasuaual (kg/m?)
anuhaadmslua (m/s)

- W@usiugudnauasdasineiiuaamar vasiiu (m)
~- anunileuasteaanal (kg/s.m via N-s/m?)

ol e T .
|

***Dynamic Viscosity*** 1ila Static Viscosity

Temperature (T) | Dynamic Viscosity (1) | Kinematics Viscosity (v)

@9 (N-s/m?) x 103 {m2/s) x 106
0 1.787 1.787
5 1.519 1.519

10 1.307 1.307

20 1.002 1.004

30 0.798 0.801

40 0.653 0.658

50 0.547 0.553

60 0.467 0.475

76 0.404 0.413

80 0.355 0.365

G0 0.315 0.326

100 0.282 0.294

1 N.sec/m? = 1 kg/sec.m




K — Hydraulic conductivity (cm/s)
Head Loss, Ah = hy-hg
Hydraulic gradient, i = fhy-hg}/L-

V — anusilumslua (mie L)

K — endulsv@niuaennsdiuld (Hydraulic Conductivity)
i~ Hydraulic Gradient = [hy-hp]/L




S ’ ¥
SIS S

|

Water tabla - . -

LR

e

datum




> aTandvauaianusiaasinflvasutufiunse
#a v = 0.05 cm/sec
= arenuednanivdaeians (i) = 2

- Mnaguaaidazlein
K =v/i =[0.05 cm/secl/2
= 0,025 cm/sec = 0.00025 m/sec Ans

Saturated

arermduniny (K) duuiladuosalui Hyduantic
Condustiviy,

O Soil grain size Texturs E frodyr)
L1 Structure of the soil matrix s s
Hand FAEEW 10

» pore size distribution Loty sand $.235 107

. Qarodiy Ioag fagsw 1of

» pore shape Silry fousn 227 W 10

: Loam 219 % 10

»  porosity Sandy elay loam 199w 108

3 Type of soil fluid Sty clay boamw 356 10t
\ ‘ Clay toars 733w 10t

»  fluid density Juandy clay 684w 10t

. o ) Sﬁ'i’fg olay 21w 10

3 fluid viscosity cy 405 101

0 Saturation
Sougee Tlapy and Momberger (1978)




warstic imestong TEgarmirmesiin

Fracturedfointey basall $IErmmyrray sy
Fractured igneous and metamorphic rocks TIEmerirrIFErTIzny
Carkonate rocks (imeslone and tolomite) wernrezzsmrm
Sandsions CYITRTEISEIIIIIS
Uniractured igneous and melamorphiC racks Erresssrsrrasma

Shale TImiisziza J—

Mazine sty wozmrmmrrern
Glacial il gz o ]
Sl ga2 a7 rar B
Siity sand EXXIEITIVIIIITA
Clean sand YErEmTIziz
{Brave] Wzrzzzrzza

HiaR v R R L [ R T Tl v Tl vk Ta N S L 1o
FI— | ! H 1 £ i : i i i I i ]
K {cmis)

oo ot et et 1 o 100 10f et wf
i H : i ] i i : ! H i i i I
F (resfed)

Unconsolidated
caposits

Asilavunaaa s

I galiday iy = £.0408 mday

1 galday/d . = {4,134 firday
[yl day!ﬁ: = L7000° SRS

U fiday = 0,305 miday

1 fvday = 7 A8 gald L"iyfﬁz
I feday = 353100 s

I omds = Bé4 myday

I omys = 2833 fday
boems = 31200 aalidaw i
bomday = T4 watday i
1 oeday = 314 fiiday

I miday = gauaile s




Q @1 Hydraulic conductivity (K) fufuqaianiiizaswmarfluan udan
Tusidail

K #a Hydraulic conductivity (wiae cmy/sec)
K; v3a k éa Intrinsic Permeability (wiag cm?)

D lugasunssutidiulidan Intrinsic Permeability e ensd wia cm?

Q ¢ Intrinsic permeability (k v3a K) azaefidniudatrefiudiagng
nilatama

[ [

O @1 Hydraulic conductivity (K) agfianildeundadldtivatiunmaniis
gavrasinainarudiatiedne




Hu

Hydraulic conductivity (K mid

Cravel, coarse 150
”' Ciravel, medium 270
CGrravel, fine 450
Samd. coarse 45
Sand. mediam 12
Sand. fine 2.3
Sl 0,038
Clay 00002
Sandstone. fine-grained 0.2
Sandsione. medinm-grained 31
Limestone .94
B Dolomite 0,008
Bune sand )
Loess 0,08
- Peal 27
Schist .2
Shae G,00008
...... THl. mainly sand 1,49
Till, malnly graved 30
Tuff 0.2
Basalt 0.0}
Ciabbro, weathered 6.2
{4

Ciranile. weathered

g5uliindia 3

=

Fonsluaaaanid s dawududuiladucatuil

1) astsutitiuasnay
~ aalguiiaadiua (i)
o ayuiin (Viscosily) — Dynamic viscosity
o anwunuduansi (Density)
~ qaduiiuasdiinate (Porous medium) - Hudunaa
o @NWTU (Porosity) uazaruaaiiiasuavn sy
- s aadisinule (Intrinsic permeability)
| 2) uninAsedaEndns
- aududaatdagssl (Total head)
. o ArGUlaveIaG v an1INgs (Elevation head)
o arwduiavemiutinuae (Pressure head)




siguviaaian 3...

v, P
=+ 2 —
2g pPg

Elevation Head (2)

h

Z — aigvaasanuvide B
S GELERERER!
Pressure Head (h,)

Datum

Asusingiai 3...

& w:g:
b, s
M,
T o—_14
v £
¥ 3 i
R RN AR RN A N N R R
A C

hagluannaadianudutamsasnugetlfanAtanuduareaassIuen




as o o
ggudiiadan 3...

K #a Hydraulic conductivity (v11aa cm/sec)
K. viaa k Aa Intrinsic Permeability (wihe cm?)

asuiinian 3...

\"""%ﬁ% Borehole

-

Water table — - - . _

ke

~'§”U~——»—-a»
]
N ENNTE

=

it

L
|

o D
A

Reference
datum




Example: Determine the hydraulic conductivity (K) and
intrinsic permeability (K;) if u = 0.0002 N.sec/m?,
p = 1.0 g/cm? and g = 9.81 m/sec?.

T

=
. T
: 5
£ i ! w!
= n -
E & iy
; P /
Q = 500 cm™ sec
= Yoot Mool L ¥ = I
kt—15 Gm—toba—15 o 15 cm-—
(1) (2} {3) {4) ]
5 L L= 120 em
5 = B =1 voeoes 10..... om >
L Patum

Example: Determine the hydraulic conductivity (K) and
intrinsic permeability (i) if 1 = 0.0002 N.sec/m?,
p = 1.0 g/cm?® and g = 9.81 m/sec?.

s =..?9.Q.cmmh‘

Q = 500 cm?/sec

IRE
EJ Z(l} = 2(4) - 100 cm

Q500 e sec 1 l *I A=qr =g (572 =785 cm?
e ettt T = Lyl = 1515415

Vo 1) {2} 5] 4
Lo 120 om } = 45 cm
D= o cm
hp(qy = 200 cm

hpyy = 115cm

I e 1
|
i
1
i
i
]
I
I
i




Ry = Ny, +24,= 200 + 100 cm

= 300 cm

Ny = Npy + 24 = 115 + 100 cm

(1)>(4) = 215 om

Q = 500 cmi/sec
A=qar=x{bP=785cm?
L = Lyl = 15+15+15

= 45¢cm
Z(l) = Z(‘é) = 160 cm
ey = 200 cm
hpgy = 115 cm
Example:
6.37cm/
= ( cm Sec) =337cm / sec =0.0337m / sec#
(1.89)

1 =0.0002N.sec/ m>

o =1,000kg / m®
2

g=981m/ sec

0.0002 -S¢¢
’ 2
K, =0.0337-2 2
5€¢11,000-5-9.81-"
bidi fec
0.0002 2Y:52¢
=0.0337 -2 m
sec| g gro

i 3




Example:

_ 3
K, = 0‘0337[ m )0.000Z(N.S%) m
sec 0810 m> N

=6.87x 107 " m? #

K, =6.87x10"cm? 4

I darey =9.87 %107 cm?

Intrinsic Permeability

,,,,, K, =096 darcy#

~ Example:

Q = 500 cm™ sec

T i
{
§§

o
&
i
j;
il
o
2
H
hagh
i
iﬁ\
&
o i
z:
E!\

(1 (2) G 4

e L1 X

Datum




500cn’ / sec
78.5cm?> _ 0.37cm / sec

( 300cm — hy ]  (300cm - h,
15¢cm 15¢cm

6.37cm / sec (BOOcm —h, )

=3.37cm / sec

3.37cm/ sec 15cm

hz = Zy + hp(z) = 100cm + hp(Z) = 271.65¢cm

Example:

r

<

...C

= ..Z.QQ.cmm—mv—»l

171.65

s et 1 PN
= C—

1
o3
=

. 115

t
A3

1 I RPN ST e S o B
1 (2) (3) 4 j

Q =500 cm/ sec

Jetpmarem— )

-
i
"
N
S
o
=3

——100 ©

Patum




Wﬁrwéac mm m&m

0 98nsldigas (Formulas)
O 3gnsunTuviasdfiidinng (Laboratory method)

L 38nslddas@eeu (Tracer tests): 1digs Sodium

Fluorescein #5a Calcium Chloride

O gasiadulseandnisduldlunasguu (Field

measurement method)




K= hydraullc conduct:v:ty

g = acceleration due to gravity

v = kinematic viscosity = | v= £ 5’}:
C = sorting coefficient

f(n) = porosity function

d, = effective grain diameter

2
[
b

T
e

The values of C, f(n) and d, are dependent on the
different methods used in the grain-size analysis.

K — Hydraulic conductivity (cm/s)
¢ — anduilssandaodl
d — aaguiifdnwszanduriigudnavaaadensnauniadnaie

Hazen method =

dy, @a Effective grain size aagni@swmirzanduriquinaioung
dinagnauviadinate (1dwiae cm)

C @a duilseandaed
*ex1alddmdu Uniformly graded sands was
M dyp agluze 0.1 — 3.0 mnyes*




Type of material C
Very fine sand, poorly sorted 40-80
Fine sand with appreciable fines 40-80
Medium sand, well sorted &0-120
Coarse sand, poorly sorted 80-120
Coarse sand, well sorted, clean 120-150

Y%Finer

A LINAISUIAN@IUD NI

Silt&Clay #2000 sand ' Gravel
i

100
a0
80
70
80
50
40
30
20

10

D‘iﬁ

|

0
4.0001

4.001

(.01 01 02 1 10 100
Particle Size or Sieve Opening (mm)

By = 0.2 mm = 0.02 cm
Well-graded sand with clay (SW-SC) - C = 80




W 145 Sodium Fluorescein w%a Calcium chloride

tracer for tracer

l Add 7 Sample

K - dudssaniuacnsdule
s o L - szasvinasyuineia

- B nagay (da A) waynia
_ Water 1abie - 1977 (‘lii’] B)

RN o SRR S IRt unstiuneuag
i anshamuainda A
- - figtia B
- A fo- AaNwguaagdu
E% ] - ~"’~1 WIONA

| Agd Sample
# trass li for tager
T L S e Tt e R g
|
Cuound suttace } iyt B
k3
i !
e o A 1 !
- ixie A B | ___I_“_m
TR P
i - water tabie % - g
- - = -1
@ e ———— ey | N
l 0.43 # -
= = ()4 s
é n=04 i -
g




Add Samphe
tracer T for tracer
%

R T A i‘":: Py ? .-"f"x‘,: T il b o e I
Ground surface e sl B
3
b ode A i
z .
— R 7
. _, e —
% — Water 1abie % R
g - = -
-~ R = I - i PP 7 N e
ool < j.. T
— e | -
-z — n = 0,45 'f w
[ |
e T .__._a,_i
i

t= 30 min

&) Constant Head Test
b) Falling Head Test

<. Fonlinucus
Constant supply
watir fewol ®
¥
Qvartiow
Iy
h z
kg
£ l -t iy
:..« Horizontal area 6‘3 =
s ol of sampie, A -
[ P plate = 1
?

{e} o}




a) Constant Head Test

Cross-sectional Area = A

G Twtra ¢

TR |

it

B
R

|z o]
1 ~

i V HluaBinanihdiield (wihe L) Auaru
niea A (wihe L2) éhassasng L (wiha L)
aetuian t (e T)

Conlinuous
Constant supply

waler level

2 Overflow

K- dulss@nauanisduld
V - iBunesuasindvariutudionan t

A el Y s .
. Morizontal area A - WUVIRTG AR IDEN
of sample, 4

1
1
i
i
TEa T

L - augmaavinacng

L e NEPEIS] o

e Porgus plate g e ,
h - anusudaEIaRSNSAE TR

T- nadvinisnegay

(e

f—




NIIUAN L=15cm, A =25 cmz, H=25cam,
t=12min, V = 100 cm?

O  Hydraulic conductivity (K)

V.L _ (100cm®)x15cm
A-t-h 250m? (12 % 60sec)x Sem

=0.0167=16.67 %10 2 cm / sech

L) Intrinsic permeability (K)

Taauunidwindy 20 °C:
= 1,.002x1073 N.sec/m?

= 1.002x10- kg/sec.m
p = 1,000 kg/m3
g = 9.81 m/s?

= o /sec
K, = (16.67 1073 e s'ec) 1.002 x 1(1 kg /sec-m :
1,000kg/m* x9.81m/ sec

:('36.67><10_ch sec )(1 0214 <10~ m-sec)

K; = (I 6.67 %10 cm / Sec)(l 0214x10 ¢m - sec)

=1.74%x1077 cm” i




_;Exampie 2 A cyimdnca! sml sam_p!e 60 mm E[‘E dlameter and. 150"3{5;':

Solution

Given: d = 60 mm, L =120 mm, H, = 500 mm
t = 1min, W, = 1000 g
11 1000 n¥u = 1000 g/ (1 g/em?) = 1000 cm?
V = 1000 cm?

A = xari= mx(3 cm)2 = 28.27 cm?

VL 1000cn” x12cm
Axixh  28.27em*5 % 60 secx S0cm

=8 50cm / sec

b) Falling Head Test

i<

B 11
yﬁwuw%m@m a ARV ILD) I
= tz | +
au . t -
E l
- AU SR IRIVREAYININ A - AuNuindacacne

- Jluanuamdniaeng = aAlgiunisneday




b) Falling Head Tesi'ﬁ

TR

K - &olsgdniuasnisdu’le hy
h, - enudusamansiEusy S
h, - anuAuLaRaEasIAVing
r, = Sedisnuluuasviamordi ha
r. - Sedluasnviesnacng

- naildInaasuduuss h,
, - nafldannyaEuduands h,

“*‘2?‘5

gL
i

Porous plate e T

[ RERSOTIE P PP TR o D A P00 N ML L S

i

e g v e A

Solution
Given: A=50cm? a=040cm? L=6.5¢cm
H; = 80 cm, H, = 38 cm
t, - £, = (1x60x60) + (24x60) + 18 sec = 5058 sec




1 Falling Head Test

) Constant Head Test

Ll Pumping Test

F = Shape Factor




fnderianaanaudnuasnaiany
Lufiuwdafiuiiaanudustuiiu
nahrne viafisalianaluwindu d

LHURLUGS

Furtaviaearudurituasg ddudiu
Fuiuasauiazaissiuiiey
avtiuiini daderianrananuin
ADINFULANE AR UHUBDITY
furrinfdunnfiams vialisainnely
wihdifu d tiudivues
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ForlL>4D

fndeviatngaurasuamasludiu
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fir vialisaiianatuwindu d
wmdimes ssasfilifasaviafin
a1 L vrufitnes aunedusiu
gutnauauLsvindu D
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For L > 4D

F = Shape Factor




Example: Falling Head Test

H,/H,=18/16 = 1.125

A =7 (10/2)2 = 78.54 cm?
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_ 78.54¢ny? n (18m}
27 .5cm(2hour ~ Thour) 16m
k = 0.3363 cm/hour
= (.3363cm/(60x60sec)
= 9.34x10°% cm/sec#

F =2.75x10 = 27.5 cm
A= (10/2)2 = 78.54 cm?




Example: Constant Head Test

g =1 liters/min

3 .
K= 1000¢m” /min — 0.00843cm/min

{ 2mx120cm }XE)DOcm

In(2x120cm/10cm)

k =0.00843cm/60sec = 1.41x10 cm/ sec#

Pump ==+ q - pumping rate Q) pumping TeSt
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H, = head iawwaaﬁaﬂﬂaauﬁﬁfmmnﬁ;mé’wSa (wuna L)

H, = head *nm;aaﬁaé’nsaaﬁ%‘cﬂmnq@tgﬂﬁﬁ #nE L)

R = Ss0r9snIILONAdURAZLBd15I0 (WY L)




Pump =8 Qit=q (W18 LYT) 9) Pumpiﬁg Test
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Example:

FINHUNTT:
Given;
rp= 16m,
I‘;._ = 33 m,

H, = 14 - (2.14+1.787) = 10,073 m

H, = 14 - (2.14-+1.495) = 10.365 m

Q = 12.4 8a5/3uW = 12.4x1000 cm3/sec = 12,400 cm?/sec
= 1,071 m¥/day

K = Hnlss@nianuduruansTan
funsnaglusaswan (infilling
material)

K. = dulssandmnudusuuaeiu
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waslan (981 cm/sec?)
/e = qspuilanganadsanuan
b = ssasviaTsuinesanunn
v = dinlssanianuniiaifioan-
@dns (Kinematics viscosity
coefficient)

ko fenvindu 0.0101 cm?/sec
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o, = 200mm+1530mm +100mm
v =T

200mm 150mm . 100mm ]
| 18510 mm/sec  61x102mm/sec  32x10 *mm/ secJ
q
= 450 ={.142min / sec#
31607

o _lisx1071x200)+ (511025150} 52310 x100)
H 200+150+100
e 451 82 =1 00mm /sec#
450
m =ul~{—1'1- = 1.00 =7.04#
kv 0.142

a————— B0 cm

ka=1.0x 10° cmiisec
ks = 1.3 x 10 cm/sec
ke = 1.6 % 10° cm/sec

Q (cm/sec) . ¥

|%1 5 cmwl»ssm 5 cmw-!«w‘i 5 c:mw»l ‘%




Example:
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Example:

. v ;
! ka= 1.0 10° cm/isec 5
! ks = 1.3 x 10° cmfsec =4
PIY, = 45 emS ke = 1.6 % 107 cmfsec ¢
\vi
i} e ;
i IFAf‘}lwn 15 cm
-
z=5emy | """ AT e —\."_"mm"]ﬁ”cﬁ‘f
§ Datum [eioemeletocmmfetoems] N\ 1}

. . _ A = 10x10 cm®
1)  wsnerududiimagiudsnienisiua
(Hediatndudiudie 3 du)

Ty

] _ B I0cm+ [0m + 10cm
v I0cm 10cm 10cm
3 . 3 : + 3 )
L OxI0 " em see 1L3xI0 " cem /S sec 1.6x107" cm . sec

3

ky = 1.25x1 03 cm / sect
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2) wadiasinstua Q Waudhatedune 3 uliea:

50cm — 20cm ]l 00en?

=(1.25x10"¢cm /
Q=(1.25x “ Sec)(lScmHScmﬂScm

45¢cm

O=(1.25x1 0 em / Sec)(Jocm )1000}7’12

0 =0.0833¢cm’> / sect




Example:

3) Asaufuusiacryiio
Soil A: k= 1.0x10° cm/sec
0.0833cm’ / see x10cm

l' 100cm” x(Ixl 0 cm / sec)

=30-833=41.67cm

By =ty | 2L L(j+45)-
P Ay |

At point 1:
- total head (h,) = 50 cm,
- elevation head (z,) = 5 cm,

- pressure head (hm) = 50-5= 45 cm

At point 2:

» total head (h,} = 41.67 cm,

- elevation head (z,) = 5 cm,

= pressure head (h pz) = 41.67-5= 36.67 cm

Example:
3) Mrsabuuaazuiic

Soil B: kg = 1.3x10" em/sec

Wy | 0.0833cm” / sec x10
by =hy | L5\ = a1.67cm ) - S = 41.67 - 6.41 = 35.26cm
Agkp 100cm=x{1.3x107" cm / sec)
At point 3;

- total head (h,) = 35.26 cm,

- elevation head (z,) = 5 cm,

- pressure head (hpa) = 27=5= 30.26 cm
At point 4;

- total head (h ) = 20 cm,

- elevation head (z,) = 5 ¢in,

- pressure head (hm) = 20-5= 15 cm
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At point 1; At point 3;

- totad head (h)) = 50 cm,
- elevation head {z,) = 5 em,

- pressure head (h p1) = 50-5= 45 ¢cm

Af point 2:

- total head (h,} = 41.67 cm,

- elevation head (2.} = 5 am,

- pressure head (haz) = 41.67+5= 36.67 cm

- fotal head (h,} = 35.26 ¢m,
= glevation head {zj) = 5§ em,

~ pressure head (hpa) = 27-5= 30.26 ¢m

Al point 4:
- fotal head {h ) = 20 cm,
« elevation head {z,} = § em,

- pressure head (hp 4 = 20-5= 15 em
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-Exampie A dam-;s constructe oon a permeable stratum underlain by
: . heet pile is installed at the upstream
'”'hydrau!:c conductivety (kQ of 15{}

i
l Permeable stratum
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B e e e
; G : Impermeable rock
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Solve for the flow per unit width:

q K X Ah x (Ne/Neg)

il

(150 ft/day)x(35 ft)x(5/17)

= 1544 ft¥/day per ft of dam width

Using the flow net shown below, (1) determine the seepage underneath the 1,000 foot
wide concrete dam, and (2} the velocity at poiat “a” in feet/hour, where the height of §
the net’s square is 19 feet, The soil has a G¢ = 2.67, 1, = 0.01 mm. Overestimate the

flow by using Hazens coefficient € = 15 to defermine the permeability &,
g RTINS ERRE T e R T A TR

S i R,
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Find the perteability £ using Hazen's formula:

i
k=C0 0 =15007 mm)y =0.0013
S6C
Using Forheimer's equation with flow lines ¥, = 3 and equipotentials N, =12
miy Vi Y1 Tﬁ 600 sect . .3 ! i
= i_\fzwwwl 0.0015 2 -if (RN (30-5y 2 e ogs— Il
V. sec A 254 mm [ 12 in [ 1 howr ) 12 I — fiof dam

L Q=Lg=(1.000/1) | 0.185

‘The veloeity ut "a” has a flow ¢ in only that channel, or ¢/3,

4 0.185 4 )
" i - )
=4 5_hr | 0.002:4%
A E (L9 /1 high (1 f1 wide JJ hr

y .

In western Miami-Dade County, the Evergludes are contained with levees, Levee
#111 runs North-South about 2 kilomefers west of Krome Avenue and its cross
section is show below, Laboratery tests indicate that the pernies ability of the 80-vear
old levee is 0.30 m/day. What is the volume of water lost through the levee along
each kilometer in m” /dav"

30m IZm ' 50m

LA

!
P
A
Using Forheimer's equation,

112 m

Vo
i():lﬁm (23m)) o i =2,070-2

1000 m -
= )1__‘7 day ) \l{}_} sy
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Q=Lyg=L| kAh
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2) Tafenurarusesiuuu sheet pile wall
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