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AUOUNIIATT (Organic soil)

AuOHUNIHA S (Inorganic soil)

AUOUNIEAS (Organic soil)
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ANOHUNILTS (Inorganic soil)
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AHOHUNIBA1S (Inorganic soil)

AUOHUUNIBA1S (Inorganic  soil)
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Pumice

(From Burirum)
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Arkose ( sandstone > 25 % feldspar grains)




Humals (Metamorphic rock)
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Below 50°C 50-300 °C 300-450 °C Above 450 °C
Metamorphic | ——A—— —A A

environment Increasing temperature and pressure

No change Metamorphic rock

—_—~ — A
Low grade Intermediate grade High

Schist Gneiss
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N13WNIDY (Weathering)

Physical Weathering

Chemical Weathering

Physical Weathering
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Chemical Weathering
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Residual soil

Transported soil




Residual soil
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O Horizon. Mostly

/ organic matter.

‘} A Horizon (topsoil).
High concentration

of organic matter.

Horizon (subsoil).
Clay and cations
leached from

A horizon
accumulated here.

C Horizon
(weathered
bedrock)




Transported soil
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Water transported soil

Wind transported soil




Water transported soil

q
Sand

and
| gravel Silt | Clay

| | Large body
of water

/

Profile after erosion

Original profile

Wind transported soil

Original profile

\ Profile after erosion
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N3IA (Gravel) N3 (Sand) AUASNON (Silt)
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AHNUAINNYONUUY (Cohesive soil)

AMIYNE (Clay)
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@ Silica tetrahedron

@ Aluminium octrahedron

Silica .
Aluminium
tetrahedron octrahedron
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Octrahedral
sheet

Silica sheet
or

Gibbsite sheet




Atomic
tetrahedron structure of

Silica sheet

Symbolic
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O Kaolinite

O Montmorillonite

O Illite

Kaolinite
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Montmorillonite
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Montmorillonite

MNVENY 15000 19

Ilite




Ilite

MWV 15000 111

ANHUZNIISTLIA

Flocculated structure Dispersed structure




AUNNNIITEYIAVY  Flocculated structure
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ASTM F2YYHIAVDITAAUAIH

Particle size, mm Soil type

> 350 Boulder

350 - 75.0 Cobble

75.0 — 19.0 Coarse gravel

19.0 — 4.75 Fine gravel

4.75 -2.00 Coarse sand

2.00 - 0.425 Medium sand

0.425 - 0.075 Fine sand

<0.075 Fines (Silt + Clay)

VNAIAAUI KNI 4.75 mm

Gravel

VINAUNAAHU 4.75 — 0.075 mm

Sand

VNAIAAUIENNI 0.075 mm

Fines (Silt + clay)




Name of organization

Massachusetts Institute

of Technology (MIT)

U.S. Department of
Agriculture (USDA)

American Association

of State Highway and

Transportation
Officials (AASHTO)

Unified Soil
Classification System
(U.S. Army Corps of

Engineers, U.S. Bureau

of Reclamation)

Gravel

76.2 to 4.75

Grain size (mm

Sand Silt Clay

to 0.06 0.06 to 0.002 <0.002

to 0.05 0.05 to 0.002 <0.002

2 to 0.075 0.075 to 0.002 <0.002

Fines
(i.e., silts and clays)
<0.075

4.75 to 0.075
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AU 1 NOI

V = i5inasnavinavosnouau

W = ihminnasuauaanauau

Soil solid

Phase diagram

V, = fsnasveniaau
V, = fBinasvesreanssznininny
V., = Phnasvesiluresng

V, = fsmasvesemealuresing

= I NHUNVOUNAAU

W,
W, = ihmiinvearilureans
W,

= 1MMinUe I IMalureINg




v v d ° °
aNuauNuslaedSinng Void ratio, e

e=V,/V,

3as

Porosity, n

n=V,/V

Degree of saturation, S

S=V_/V,
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53

Soil
solid

v v d g’ Y
ﬂ’ﬂﬁJiﬂJ‘W‘]ﬂ!fﬁiﬂEﬂﬂ“ﬁuﬂ

Moisture content, m

m=W_/W,
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Soil
solid

Density, y
Y =W/V

Dry density, v,4
Yq = WV

Density of solid particle, v,

Vs

v v d L Z LY
ﬂ'J13JET3J°W“H§33ﬁ51ﬁﬂ%ﬂ1ﬂﬁﬂﬂﬂ]ﬂuﬂ

53

Relative density, D,

=WV,

Specific gravity, G
G= v/ Yw

Submerged density, v,
Ysub = Ysat = Yw

Dr = {(emax - e)/(emax - emin)} x 100




S.e = m.G

S

Y = Gy, (1 +m)/(1+e)

Y= Yw(Gs T+ S.e)/(1 +e)
Ya= GeYy/(1te)

Yq = Y/(1 + m)
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A saturated clay has a weight of 152.6 g, and its oven
dry weight is 105.3 g. If the specific gravity of this clay is
2.71, determine the moisture content, void ratio, porosity

and unit weight of this soil.

AU HEIDNA (Saturated clay) NOUKHININ 152.6
n3u Wnevlugevaundsatin walrilivealaniin 105.3

ASN DIANNDIWUWIZVDINAAIMH 2.71 9IHIAT M, e, n

waz Yy

% r d’
AIDEINN 1.3

AUIHEIDNA (Saturated  clay) NOHHHINHN 152.6

n3n Wnevlugevaundisatin uaailivalaniin 105.3

ASN DIANNDIWUWIZVDINAAMIMH 2.71 2IHIAT M, e, n

Aad o
I5N1

S=1.0, W=152.6g, W =1053¢g, G =271, Y =1.0glc




W=152.6¢
W, =1053¢
G,=2.71

Y, =1.0¢g/cc

I

m, e, n lag Y

NNANUNI 1.10, m = (WW/WS) x 100

UNUAT m = [(152.6 —105.3)/105.3] x 100

44.9 %

NANNIT 1.17, S.e = m.Gs

UNUM 1.0xe = 0.449 x 2.71




mviuali
S=1.0
W=152.6¢
W =1053g
G,=2.71
Y, =1.0¢g/cc
WA
m, e, n #ag Yy

m=44.9 %

e=1.22

NANMST 1.8, n = e/(1 +e)
UNUAY n = 1.22/(1 + 1.22)

n = 055 %39 55.0 %

NNANMIT 1,19, Y = 'YW(GS + S.e)/(1 + e)

unUA Y = 1.0 x (2.71 + 1.0 x 1.22)/(1 + 1.22)

Y = 1.77 g/ce Ans.




Mviual
S=1.0
W=1526¢g

W, =1053¢

G,=2.71 1.22

Y, =1.0¢g/cc

0.55

HIA

m, e, n tay Y 1.77 g/CC

% ! d’
P1IVE NN 1.4

A silty clay in its natural state has a volume of 15.8 cc. and
weighs 30.9 g. The oven-dried weight of this soil is 26.6 g and its
specific gravity is 2.68 Calculate for e,n, S,y and Y,

AuringIduauaznouluaMNEI TN AN UTIHG NUS1AS
15.8 aU.WLHiIN 30.9 N3N idIegsauIBUlUge UIMUIAHN
a3 ¥ e1a 26.6 NSH ANV IV UWIZVRUIAA UM 2.68 D9

M e,n, S,y Uaz Yy,
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a S a ay 4! S\
anrneduauazneuluamnsssumIAneUrHa NYSns

15.8 aU.w.HiIN 30.9 N3N idegauIaUlugeUIMUIAEN
a1 1U¥e1a 26.6 NSH ANV I UWIZVRAIAAUINNY 2.68 D9

M e,n, S,y Uaz Y,

Aad o
I5N1

V=158cc, W=309¢g, W =26.6g, G =2.68, Y =1.0g/cc

Aviuali
V =15.8 cc
W=309g

NNaUNMI 14, W = W +W_
W =26.6¢

G,=2.68 UNUM 30.9 = 26.6+ W_
Y, =1.0 g/cc
W =43¢g
1A

e,n, S, Y ua 'Yd




Mviual
V=15.8 cc

W=309¢g

W =26.6g
G,=2.68

nn Y, = W IV,

’YW =1.0 g/cc

unum 1.0 = 4.3/ V,

A VW = 4.3 cc

e,n, S,y laz 'Yd

mviuali
V=15.8 cc

W=309g

W =266¢
G,=2.68 NNANMS 1.14, G = V1Y,

Y,.=1.0g/cc
HaznNANNII 1.13, 'Ys = VVS/Vs

wlh G, = WAV.Y)

e UNUAT 2.68 = 26.6/(V_x 1.0)

e,n, S, Yuazy,

VS = 9.9 cc




Aviuali
V=158 cc
W=309¢g
W =26.6¢
G,=2.68

'Yw =1.0 g/cc

I

e,n, S,y laz 'Yd

Aviuali
V=158 cc
W=309g
W, =26.6¢
G,=2.68

Y,.=1.0g/cc

I

e,n, S, Yuazy,

NNAUMI 1.1, V = VS + VW + Va

UNUA 158 = 9.9+43+V_

Va = 1.6 cc

1NAUNT 1.2, VV = VW + Va

UNUAT V. =43+1.6

VV = 5.9 cc




mviuali
V=158 cc
W=309¢g
W =26.6¢
G,=2.68

'Yw =1.0 g/cc

I

e,n, S,y laz 'Yd

mriuali
V=158 cc
W=309g
W, =26.6¢
G,=2.68

Y,.=1.0g/cc

I

e,n, S, Yuazy,

VS= 9.9 cc Va=1.6 cc

NAUNMI LS, e = VV/VS

UNUAT e = 5.9/9.9

e = 0.60

1NAUNT 1.6, n =

UNUAT n =5.9/15.8

n = 0.37

V. IV




mnuali V.= 99cc V. =16cc
V=158 cc

W=309¢g

W =26.6g

G,=2.68

NNANMT 1.7, S = (V_/V ) x 100

’YW =1.0 g/cc

UNUAT S = (4.3/5.9) x 100

W S =729%

e,n, S,y laz 'Yd

mviuali
V=15.8 cc

W=309g

W, =266¢
G,=2.68

Y, =1.0 glee 1NANMT 1.11, 'Y = W/V

UNUM'Y = 30.9/15.8

HIA] Y = 1.9 g/cc

e,n, S, Yuazy,




mviuali
V=158 cc
W=309¢g
W =26.6¢
G,=2.68

Y, =1.0g/cc

I

e,n, S,y laz 'Yd

mriuali
V=158 cc
W=309g
W, =26.6¢
G,=2.68

Y,.=1.0g/cc

I

e,n, S, Yuazy,

VS =99cc

Va= 1.6 cc

1NANMT 1.11, 'Yd = WS/V

UNUM Y, = 26.6/15.8

Y, = 1.68 g/cc

n 0.37
S =729%

Y = 1.96 g/cc

Y, = 1.68 g/cc




308199 1.5

The weight of moist soil sample which compacted into a
mold that has a volume of 1/30 cu.ft. is 4.1 1b. If the moisture
content of this soil is 21.0 % and the specific gravity is 2.67

Determine the value of n, e, S and 'Ysat

A10819AUTY gnuadnaslunIzuenAI98 19T 9N

1331013 1/30 aw.ila swdin o Ty elamminaumny
d 4 a | v

4.1 oua MfFanannNusuvesd MmN 21.0 % HazmAw

993UV IWIAAMMNY 2.67 33 n, e, S ALY

U/ ! d’
PIIVENNN 1.5

QU ] a &’ U U | 4! =
AIDEYINAUY U ’g]ﬂﬂﬂ@ﬂﬁx‘liﬂﬂﬁ%‘ﬂ@ﬂﬂi)@ﬂ1ﬁmﬂu

1331035 1/30 aw.vla awwdin aniiin Ty alammin@umny

i Y &’ a 1 o ]
4.1 ﬂmm ﬁﬂ‘iﬁﬁﬂﬂ!ﬂ:ﬂﬂ‘ﬁﬂﬂl@ﬁﬂﬂ!ﬂ1ﬂﬂ 21.0 % taza1nNN

993 UMV ATAAUINAY 2.67 33N n, e, SHAS Y,

Aad o
I5N1
V =1/30 cu.ft, W=4.11b, m=21.0 %,

G, =2.67, Y, = 62.4 Ib/cu.ft




Mmriuali
V =1/30 cu.ft
W=4.11b
m=21.0%
G,=2.67

’YW =62.4 Ib/cu.ft

Mmyiuali
V =1/30 cu.ft
W=4.11b
m=21.0 %
G,=2.67

Y, = 62.4 Ib/cu.ft

1WA

n,e, S ag Yy

sat

1NANNT 1.11 uay 1.12 f’d]@ 'Y = W/V uag 'Yd

=W /V unumMaduaumsn 1.21 azla

W, W/(1 + m)

UNUM W = 4.1/(1 +0.21)

W_=3391b

HazANANMS 1.10, m = (W_/W) x 100

unum 21.0 = (W, /3.39) x 100

W_= 0.711b




myuala
V =1/30 cu.ft
W=41Is
m=21.0 %
G,=2.67

Y, = 62.4 Ib/cu.ft

I

n,e, Suazy

sat

mviuali
V =1/30 cu.ft
W=4.1Is
m=21.0 %
G,=2.67

’Yw = 62.4 Ib/cu.ft

I

n,e, Suazy .

W =3391b W_=0.711b

NNAUMS 1.14, G_= Y /Y.

HazINANNI 1.13, 'YS = WS/Vs

2wl G = WAV.Y)

UNUAT 2.67 = 3.39/(V_x 62.4)

V, = 0.02035 ft

W, =339 Ib W =0.711b V_=0.02035 ft’

NN Y. = W IV
UNUA 62.4 = 0.71/ Vv,

V= 0.01138 ft’




myuala
V =1/30 cu.ft
W=41Is
m=21.0 %
G,=2.67

Y, = 62.4 Ib/cu.ft

I

n,e, Suazy

sat

mviuali
V =1/30 cu.ft
W=4.1Is
m=21.0 %
G,=2.67

’Yw = 62.4 Ib/cu.ft

I

n,e, Suazy .

W =3391 W _=0711b V_=0.02035f V_=0.01138 ft’

NNaUMI 1.1, V = VS + VW tV,

UNUM 1/30 = 0.02035 +0.01138 + V_

V_=0.0016 ft’

W =3391 W _=0711b V _=0.02035f¢ V_=0.01138 ft

V, =0.0016 ft’

1NAUNT 1.2, VV = VW + Va

UNUM V_= 0.01138 +0.0016

V, = 0.01298 ft’




myuala
V =1/30 cu.ft
W=41Is
m=21.0 %
G,=2.67

Y, = 62.4 Ib/cu.ft

I

n,e, Suazy

sat

mviuali
V =1/30 cu.ft
W=4.1Is
m=21.0 %
G,=2.67

’Yw = 62.4 Ib/cu.ft

I

n,e, Suazy .

W =3391 W _=0711b V_=0.02035f V_=0.01138 ft’

V_=0.0016 ft’ Vv, =0.01298 ft’

NAUNT 1.6, n = VV IV

UNUAT n = 0.01298/(1/30)

n = 0.39

W =3. W, =0711b V =0.02035f¢ V_=0.01138 ft’

S

V, =0.0016 ft’ V, =0.01298 ft’

NAUNI 1S, e = VV/VS

UNUAT e = 0.01298/0.02035

e = 0.64




myuala
V =1/30 cu.ft
W=41Is
m=21.0 %
G,=2.67

Y, = 62.4 Ib/cu.ft

I

n,e, Suazy

sat

mviuali
V =1/30 cu.ft
W=4.1Is
m=21.0 %
G,=2.67

’Yw = 62.4 Ib/cu.ft

I

n,e, Suazy .

W =3391 W _=0711b V_=0.02035f V_=0.01138 ft’

V_=0.0016 ft’ Vv, =0.01298 ft’

NNANUMT 1.7, S = (V_/V ) x 100

UM S = (0.01138/0.01298) x 100

S = 87.7 % Ans.

W =3391 W _=0711b V _=0.02035f¢ V_=0.01138 ft

V, =0.0016 ft’ V, =0.01298 ft’

NNANMSI 1L.1L, Y. = WV V, = 0

v
v v

UUY

sat

= (W +V_.Y)/V
unuM 'y = (3.39 +0.01298 x 62.4)/(1/30)

Y. = 126.0 Ib/ft’ i




W =3391 W _=0711b V_=0.02035f V_=0.01138 ft’
mruali

V_=0.0016 ft’ V_=0.01298 ft’
V =1/30 cu.ft : '

W=4.1Is
m=21.0 %
G,=2.67

Y., = 62.4 Ib/cu.ft

0.64

S = 87.7%

Y. = 126.0 Ib/ft’

I

n,e, Suazy

sat

o 1A
PIIDENNN 1.6

From the compaction test, the soil sample has a
density of 18.6 kN/cu.m and has a moisture content of 30.0
% If the specific gravity of this soil is 2.7 Determine the

value of e and S of this soil.

1NNITNATOUNITUADA WU NAUAIBYIINAIY

Y a Aa v J
HHWUUIIMNY 18.6 Datinuaagnanuns N3

&’ Jd & 4 v Y ) & A
AINNTU 30.0 !ﬂ@i!“lmﬂ HAZATIAITNDINIUNIZUBDILNAN U

IMHU 2.7 BIKIM e 1A S




o 1A
PIIDENNN 1.6

mviualy

m = 30.0 %

Y = 18.6 kN/m’

G,=2.7

Y., = 9.81 kN/m’

1A

ellas S

1NNITNATOUNITUADA WUIIAHAIBEIINAIN
WHMIUTINMAY 18.6 Dladiadudegninanmas NiSana
A 300 Weodidud uazmnnugesumzveusiagy
N 2.7 931 e AT S

Aad o
I5N1

m =30.0 %, Y =18.6 kN/m’, G =2.7, ¥ _=9.81 kN/m’

Y = 18.6 KN/m® #3Ngn133 MAUNIUUN

1433105 1 a.INAST D2HIN 18.6 kKN

v
v v

AIUU V = 1.0 m> uaz W = 18.6 kN




V=10 m®> W=18.6kN
mriuali

m =30.0 %

=18.6 kN/m’
Y < NANMI 14, W = W +W_

G =27

|}
Y., =9.81 kN/m* UNUA1 18.6 = Ws+\)VW

HAZNANMS 1.10, m = (W_ /W) x 100
unuM 300 = (W_/W) x 100

@i W = 143 kN
W_= 43 kN

V=10 m* W=186kN W =143kN W _=43kN
Al

m =30.0 %

Y = 18.6 kN/m’

NNANMI 1.14, G = Y /Y.

G,=27

Y, =981 kN/m> HAZAINANNIT 1.13, YS = WS/VS

2wl G = WAV.Y)
UNUAM 2.7 = 14.3/(V,_ x 9.81)

V.= 054 m’




mruali
m = 30.0 %
Y = 18.6 kN/m’
G =27

Y., = 9-81 kN/m’

mviuali
m=30.0 %
Y = 18.6 kN/m’
& =Nl

Y., = 9-81 kN/m’

V=10 m’ W=186kN W =143kN W _=43kN V =054m’

NN Y = W IV

UnuM 9.81 = 4.3/ V_

vV =044 m’

V=1.0m’ W=186kN W =143kN W _=43kN V =054m’

V, =044 m’

NNAaUMI 1.1, V = VS + VW R Va

UNUA 1.0 = 0.54 + 0.44 + \

V.=0.02m’




mruali
m = 30.0 %
Y = 18.6 kN/m’
G =27

Y., = 9-81 kN/m’

mviuali
m=30.0 %
Y = 18.6 kN/m’
& =Nl

Y., = 9-81 kN/m’

V=10 m’ W=186kN W =143kN

vV, =044m’ V =0.02m’

W _=43kN V =054m’

1NANNT 1.2, VV = VW +V,

unud1\g= 0.44 + 0.02

V. = 046 m’

V=10 m’ W=18.6 kN W =143 kN

V,=044m’  V, =002m’ V =046m’

W _=43kN V =054m’

NNAUNI 1S, e = VV/VS

HNUA e

= 0.46/0.54

e = 0.85




mruali
m = 30.0 %
Y = 18.6 kN/m’
G =27

Y., = 9-81 kN/m’

mviuali
m=30.0 %
Y = 18.6 kN/m’
& =Nl

Y., = 9-81 kN/m’

V=10 m’ W=186kN W =143kN W _=43kN V =054m’

V,=044m’ V =0.02m’ V =046m’

NNANMT 1.7, S = (V_/V ) x 100

UNUAT S = (0.44/0.46) x 100

S = 95.6 %

V=1.0m’ W=186kN W =143kN W _=43kN V =054m’

V,=044m’  V, =002m’ V =046m’
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ﬂ”li'JLﬂﬁ”l%‘l"Wlﬂﬂ!Nﬂﬂl!ﬁ1u1ﬁﬂﬂi$‘nﬂﬂ 2 35 NO

Sieve anaIYSiS >  amsudaan > 0.075 mm

Hydrometer analysis —  amsusingu < 0.075 mm




Sieve analysis

!'ﬂ‘t!ﬂ”lﬁ‘nﬂﬂ@\‘i“ri15111419]ﬂ13ﬂ§$%1ﬂﬂlﬂﬁlﬁﬂaﬂiﬂﬂﬁ'ﬂuﬁi1u
ZUNIININGIIH (U.S. standard sieve) VAR 9

d a
AZUNIIVLNVMAAUAIGUENANE 20.32 1FUAINAT HYDLQY

o Y

= v a I d' d' ot
Maaneuriaes ¥e3veazila azluslmmaenagia

d'd a . . | ~
ﬂ%!!ﬂﬁx‘l‘ﬂuglﬂﬂ (Sieve opening) mmﬂclmy%ﬁﬂnmummm

ﬂ%!!ﬂiﬂﬂ1uﬂlu1ﬂ§ﬁjﬂ 1B AZUNTIVHIA 1 17

d'd a < = <& d ]
muniaﬂuggﬂﬂmmﬂmﬂfnzmjﬂmummmmunﬁagﬂumm YU

AZUNTAVRS 4 (sieve #4 = 4 opening/inch)

Sizes of sieves

Set #1 Set #2

Sieve Sieve no.

3 inch | 4

2 inch ! 10

1 % inch i 20

1 inch ’ 40

34 inch . 60

3/8 inch




HA9DINNIAIINALD1A

v v

AZUNTINAZTINIHIDUAAZO U

1A WIAZUNTURAITHNII

Y U = d'd
Gnauﬂuiﬂmsmmﬂmumﬂug

adnlminea

NnHMnaeesnuad v
YANZINT

Yar ud i1t nse edu

AN (Sieve shaker machine)

¢hila (Lid)

Sieve #4

Sieve #10

Sieve #20

Sieve #40

Sieve #60

Sieve #100

Sieve #200

aases (Pan)

3
=R
@
h =
—
Lo
pO))}
=




<
)
=
Q
=

e

Sieve shaker

WaInnduSenIeandl yanzInI19aNNINTBITY
e :

% ?:’ Ada 4 ]
ummumuﬂﬁumumsmunﬁwmumaag

>

o Z a d' Y o
HIHUTIN ﬂﬂ“ﬂﬂ1ﬁﬂ$!!ﬂﬁﬁl’!ﬂﬂ1ﬂ3ﬂ!ﬁ1

wlesidudruazunse (Percent passing)




V19A59030eN9AUNVINATIAAUNENN T 0.075 mm BEHN

Wet sieve analysis

Wet sieve analysis

v
v =

nouNazinaumeealdadlfluazunss med1snnaz

o +%

d Y o w a
9NINANFIUAZUNIAVDS 200 NOU DINHUINAIVL1IAU

N Y [ Yy v E4 % o 1 ]
NANASUNIIVBT 200 lﬁll1%19‘1]%14!!11@!&%]31«!111]39149”%

AzUNIING 9 Aol




Hydrometer analysis

Jumanaaesdmdumvinasianui
[@nNN 0.075 mm NINAALIDALHIANNIS
anazneuvesIngdedsdanguesalasn
(Strokes’s law) 21NNMINAADIDZAINITONI
a1 1o sidunazoaAn Il (Percent finer) H

Y] ] d & A %
61mmmumﬂuﬂﬂmwmmﬂﬂu"lﬂ

nHUeIalAIn

(44 <1 % d' N
ﬂiJmzsawmamqmanawmwm?uwmmaiJ N

Y v do 4 Y Y
ﬂ3mawwumwuumeﬁwhgmzmmwmmquu

gnmaiaed




Soil + water

+ dispersing agent

Hydrometer

Sedimentation

cylinder 1000 cc




msd5unnainmsnaass Hydrometer analysis

A Specific gravity

A Meniscus correction
Viscosity (Temperature)
Dispersing agent

% finer than #200 sieve




nspIsnszawvIIAIIaA Y

1NNINAADY ¢

— Sieve analysis

No. of sieve (sieve opening) & % passing

— Hydrometer analysis

Diameter of grain & % finer




% finer

b4 g’J o (44 cé (94
‘iﬂﬂﬂl@?&ﬁ‘n\‘l‘ﬁNﬂu13~l1Wﬂ®ﬂﬁﬁuﬂT§1\‘lﬂQﬂﬂﬂ

(Semi-log graph)

n51N1TNTZD IV INIAAY

Grain size distribution curve

a1 Sieve analysis | a0 Hydrometer analysis

r| >

Sieve #200

O a1 Sieve

e a0 Hydrometer

0.075 mm Diameter, mm (log)




o U A <& % S A A v =~ ) T o
AT IUAUNARETIUDUNAAHNUVHIAUINHI TN UININY

Uniform soil
or

Poorly graded soil

VS UAMIARENUDUIAAUNVNAUANAIINAZ N Y

Well graded soil




Uniform soil Well graded soil

L Ly IV
RN A R |
7 g 244 4

N o 3 }\‘Q
Y ) R
R o ¥ L I N
“ e LA S
D 4 4P

L4

) \

Ay 8
' Spia et gl

e

AL A S 2
« DAV @,% ¢
0 s oty
N ),

Uniform soil Well graded soil




Uniform soil or Poorly graded soil

O szueinlaa
- o
O ANNHUMUUAUNDYNUADA

A 5
O ﬂ31uﬁ1uﬂ1u!!§\3!ﬂ@uﬂ1

Well graded soil

O szuenlua

O anuruIiUgINegNLIADA

O anuMuUMUIsINOUFIN




Grain size distribution curve

% passing

Grain size ,;mm (log)

Grain size distribution curve

Well grade soil Gap grade soil




Soil Parameter

Effective size, D,

Coefficient of uniformity, C,

Coeftticient of curvature, C_

Effective size

DlO

D,, = grain size that corresponds to 10 % passing




Coefficient of uniformity

u

grain size that corresponds to 10 % passing

grain size that corresponds to 60 % passing

C, > 4.0 = Well graded soil

Coefficient of curvature

C.= D302/ (D19-Dgp)

D,, = grain size that corresponds to 10 % passing

D,, = grain size that corresponds to 30 % passing

D, = grain size that corresponds to 60 % passing

C. between 1 — 3 = Well graded soil




Project Boring ASTM
¢ AASHTO

Remarks

Location

Project no Date Tested by
|
|

o cumulative

—t— 100

Df)(} DJ()

Particle size (mm

0.001

Cobiblas Coarse Fine Coarse ‘ \Iw[r:m Fine

| gravel sand sand sand

1151797114




Selection of fill materials  Embankment, earth dam
Subbase materials Roads, runway
Drainage filter

Groundwater drainage

Grouting and chemical injection

Concrete materials

o 1A
PIIQENN 1.7

In grain size analysis by azunss | vinagidla, | wiaume

sieve, the dry soil weight 500 g Aiik] i ASUNaN, g

4 9.7
is washed through no. 200

10

sieve and the soil retained on
20

this sieve is oven-dried and has
40

a weight of 472.5 g. Bring this o

soil to perform sieve analysis,

and the results are given in the

table




Determine the percent passing and effective size of this soil

Calculate C_and C  and check whether the soil is well grade or

uniform.

o 1A
PIIQENN 1.7

a d
lTunisnaasan1sinsIzt
< A Y o
wvmainaulaglyazunse ¥
a\ Y w v 1)
AUBUMTINT 500 NN a1961H
d Y o A v
AZUNIAUVDS 200 HAINAUTIU
NA1IAZUNTINIDUVIUUHITHN
ANUHI T IVIHIN A 472.5
(¥} o = Y c‘g |}
nsu MauagIudldsoulas

d
ﬂ%!lﬂ‘ix‘iu1ﬂﬁ1§1‘ul‘ﬂﬂ‘§ﬁ1\‘l 9

lawanail

ATUNIN

d
§113p]

vnasila,
U

mm

HU.AUMS

AZUNIY, g

4

9.7

10

20

40

60




M % HIUAZINTIN 4 ViNadszanska a1 C

tas Cu amzﬂumﬂuﬂu‘nmmmmuﬁlﬂ

500.0 — 472.5 =27.5 5N

?,’ v A Y d Y]
HAZINHUNAUUAINTOUFNIUAZUNIT VDS 200 = 1.3 NN

v
WV v U A

. ¢ Y
QUHHUD maﬁaﬁﬁmmumamaﬁ 200 MY =1.3 +27.5

=28.8 NN




AZUNIANVDS

vinagita,

mm

HUAUAN

AZUNIY, g

% A4

ASUNI

%AAZIUNT
azan

% B
AZUNII

9.7

1.9

1.9

98.1

7.9

9.8

90.2

75.9

50.1

28.6

7.6

5.9

0.1

Ve AMmIHAPEARTEAEE SazAnmneasoan

o ¢ a Y d \g? Jd 1
H1 ASUNIUUD I (611141ﬂ§!ﬂﬂ) nNU aﬂmwuﬂwm

o = o ]
ASUNIN N1Wﬁ@ﬂ@@1uﬂ1ﬁ1ﬂﬂﬂa@ﬂ Iﬂﬂ‘lﬁ

d & d v Y Y
eﬂmwuﬂwmmuma agﬂmmum
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1NANNT 1.28, Cll = ])60/D10

UNUAT C,_ =0.53/0.19

- y
NANNIT 1.29, C.=D,/(D,.D,)

UNUA C, = (0.29)*/(0.19 x 0.53)

C =0.8

C




C =28 uaz C _=0.8
uaz o
C, > 4.0 = Well graded soil

C. between 1 — 3 = Well graded soil

v
v v

o\ o\ dg’ [~4
U aurainily

A AAo / ry
ﬂ%ﬂﬂ?l%?ﬂﬂﬂ&’ﬂ%?&lﬂ

(Uniform soil 450 Poorly graded soil)




D,=019 D,=029 D, =053
C,=2.8 uaz C_=0.8

a a 49’ (d a2 ‘ﬂ’d o/ =)
AursHauily WHWWGUH7ﬂﬂ@&’ﬂHlI3Jﬂ

(Uniform soil 450 Poorly graded soil)

AOIUZVDINUIIHE




auridgNagnmldoziniavina@dnnar 0.002 mm

o A Aa = = &S A d' T

ATHYTNUIIAHLITIUEIND smﬂu‘nmmm@gﬂu
amnnalaAnNegnHaNaledIaind 1Y
N (Those particles which develop plasticity

when mixed with a limited amount of water)

a = [~

!ﬁi’)x‘i‘iﬂﬂlﬁﬂﬂullsllu1ﬂmﬂﬂﬂﬂ!!ﬂ%ﬂﬁ%ﬂ@ﬂﬁ?ﬂ!!‘%

|

A N Ao S ' v O o
AUTHEI9nNIEINIUNT W HuN DU IR 1Y

U
%4

IANUNINDZIVINANAVDIUVVINITINNY

&S A
LN Y

C§ o v Aa a\ dw < a d'd d'
maﬂﬂﬂﬂuwuﬂmﬂuﬂu‘nummwammu

(Cohesive  soil) HazWEANI THUDIAUHYUDE N

YSnamnnur i




a d'd d' ] ] Y =~
ammmmﬂuﬂummwau!mummsmgm‘lmﬂu 4 aniue Ao

@® Liquid state MNVUHITY

@ Plastic state . AN

@® Semi solid state —— #av

@ Solid state »  Halls

plastic
state




U

a Y J J
NNADAUNOILUDIN

Gl‘t!‘IJ f.e. 1911 ‘i—!ﬂ’J‘VlSﬂﬂ1ﬁﬂ§‘lﬂ'Jﬁ”J!ﬂ‘i—!‘lfi’)Albert
Atterberg "!ﬂﬂﬂ‘]:-l"lﬁﬂ"lﬂuﬂ"lx‘] 9 ﬂl@ﬁﬂ‘l&‘i’lﬂﬂ’)ﬁ»l!‘lf@il!!ﬂﬂ

SuBanam sy

141 n.@.1930, Karl
Terzaghi uUa¥ Arthur
Casagrande Tavimaau
V09 Atterberg  311FNU
ammaﬁm'ﬁmnﬁu




VOUIUAVDIADIUZANS 9 UUFUN

W

iinaommestwesn Atterberg limits

Atterberg limits

I:> NNALad (Liquid Limit, LL.)
I=> NnawaaAn (Plastic Limit, PL.)

I=> WPANAAI (Shrinkage Limit, SL.)




plastic
state

Liquid Limit, LL.

4

A 1 qa A Ay ~ Aa '
Ao MUSnunnurunesnganauazadluanin
Yo uriadle

—




' Aav YA d'd 1 S
“lumsﬂﬂammmwnﬂmm%‘lmﬂuﬂmmﬂmﬂmn

731 0.42 mm. (no. 40 sieve)

mammm) ﬂﬂNﬁNﬂ‘U‘HH!ﬂ')‘]J”IE]QQ‘UHﬂ’Jﬂ
Tli’)x‘l!‘l’iﬁi’)\‘lﬁlli’)fl!ﬂﬁi’)\‘iN@ﬁ1ﬂ1Wﬂﬂ!ﬁﬁ3§]1ﬂuuﬂui}uﬂﬂ
ﬂﬂlﬂ‘l«!ﬁ@x‘iﬂ%ﬂ!ﬂﬁ@x‘lﬂﬂi@ﬁ (Grooving tool)

928N0UKA0992NENTUFY 10 mm HAZANNIZUNN

AIUUUAUENINTI AIA1INIST 2 SOUADIMIN




>

UNHIUATIVBINIIAZAUNIZNITOIAUTANUETI 12.7 mm

a A

é’ 4 4 Y o Y]
Wanannuyu iuesidun) Nilvisesnniany 12.7 mm

AMINE 25 59 A A19TNATa)

il

Spatula

Soil paste

Soil groove

Grooving tool




Moisture
content, %

No. of blows (log scale)

One point method

Waterways  Experiment Station in  Vicksburg,

N &
Mississippi 1AAATNNIIAINNIINAADUNBHIA Liquid limit

Tasn1sNAaANeIAS AR

LL =m (N25) P

v
(%4

o . A a A U Qy g’J
N = 91IuUAS Mz aenaarianaliauTany 0.5 13 (20 — 30 A39)
A a a
m = PSnaanuruvesnungmaiy

tan B fimilszanas 0.121




Plastic Limit, PL.

A 1 qa A Ay a A A v
aem1Sauannusundeanganauazegluanin
waafnle

' Aav a VA d'd =1
°lumﬁmﬂaaaﬁm1wnﬂwmaﬂnc‘nﬂmuﬂumummﬂ

[@nN 0.42 mm (no. 40 sieve)

U/ v a QU ?)’ % o < b4 S\
mamaﬂngnmmnumumﬂmﬂumum’smmﬂ

J
UAIGHANA1E 3.2 mm

UFNaUANUFUNAUGNIANIINNY (Just crumbled)

aem Wnanal1ann




Shrinkage Limit, SL.

Al

= Y &’ = ci cia [ S Y
aamfSmnannuyuiinanganauazegluammnusamila

' Aav % ya d'd <& [~
G!‘Hﬂ]i‘nﬂﬁﬂx‘i‘l’ﬂﬂW\Iﬂﬂ‘ﬁﬂﬂﬁi]zal‘lfﬂu“ﬂwuu1ﬂmﬂ!aﬂ

1731 0.42 mm (no. 40 sieve)




e Mercury
Volume dish i /

Plastic
pronged

Shrinkage dish

Shrinkage dish Soil cake




Plastic pronged plate \

Volume dish

2 Q

Container — I I



















SL. = [W,, — (V; =V .| x 100/W,

W, = Weight of water in soil cake

V. = Volume of soil cake before oven dried

V; = Volume of soil cake after oven dried

W, = Weight of dry soil cake

Soil Parameter

O Plasticity Index

© Liquidity Index
O Activity

© Flow Index




Plasticity Index, PI.

PI. = LL. - PL.

Liquidity Index, LI.

LI = (m — PL.)/(LL. — PL.)

m = in situ moisture content, %




LL=0 %ganud

MY NN NUTHUVDIAUVZ TNV Plastic limit

LL = 1.0 Hi3ga NN

v
U Y

MYSIanNUF UYL IAHYMLHMMNNUAT Liquid limit

a2V Y Y N ¥
LI. Nﬂ1uﬂﬂﬂ’31ﬂuﬂulﬂ

Activity, A,

A, = PL/(% finer than 0.002 mm)

U

' . . Y s A Y . A
A1 Activity Gl‘]ﬂ‘]J‘M wmmmmmﬁlumﬁmum (Swelling) Y23




Activity, A Classification Note

A, <07 Inactive clay Kaolinite

0.7<A <12 Normal clay Ilite

A >12 Active clay Monmorillonite

Flow Index, F;

F; = (m; —m,)/log (N,/N,)

m, = moisture content (%) at N, drops

m, = moisture content (%) at N, drops




Moisture
content, %

No. of blows (log scale)

HRUYHTMNHAEAD

Casagrande lTaRaunugiianinwaradn
(Plasticity chart) §HSUHENTHAVDIANIZHIING AU
AzndUNUAMITIHE  ae ¥

< Liquid limit

<> Plasticity index




Plasticity chart

Inorganic
clays of high

Inorganic clays
of medium

plasticity o )
Inorganic silts of high

Inorganie e compressibility
clays of low and :

i and organic clays
plasticity

Plasticity index

Inorganic silts of medium
. compressibility and
Cohesionl€ss P y

’ organic silts
40 60
Liquid limit
Inorganic silts of low
compressibility

aum3 Yol A-line  ————p p| = ().73(LL - 20)

guMs Y09 U-line —— PI = (0.9(LL —8)




UININU UNUNNANINWAIAANTIAINITH

#1901 Shrinkage limit Yo 3AY 1A0e13A312 9

Inorganic
ays of high
plasticity

Inorganic clays
of medium

?lasmn) Inorganic silts of high™
Inorganic ) ™ compressibility
clays of low 2
plasticity y o

Plasticity index

and organic clays
inorganic silts of medium
_—compressibility and
f organic silts

60
Liquid limit

organic silts of low
colgpressibility

Shrinkage limit

LL.=-435%
PI. =-46.5 %




FEUUMSTUNAH

o a = d o Y =1 d' a Y & d' Y
msowunauNdsariudrnsuisanyenul il unuilala
ANNHNIYALINU

Tuszazusnmsauunaulalsvinaveusiaauiuanarsan

L) = 1]
98NN YU

szuuves MIT

szuuves USDA




szuuves MIT

FUAVDIAU YUIA

1530 (Gravel) 121 2.0 mm

N318 (Sand) 2.0 - 0.06 mm

AunzZNOU (Silt) 0.06 — 0.002 mm

AMIYHE (Clay) @8N 0.002 mm

szuuves USDA

U.S. Department of Agriculture (USDA) Janaszuums

dwunau lagaideyi amagndwunaAY (Triangular  soil

classification chart) FINOUILIFANMHASNIIMUNAUIZAD
I A a c?d d d a a =
penNAUT AN IF UAYRINI 18 AUAZNOY HAZAMIYITE?
] Y
ogtm1s




FIVHAVBUNAAUIUIZUY USDA Aauandlua1sg

FUAVDIAU YUIA

1530 (Gravel) lviain1 2.0 mm

N3¢ (Sand) 2.0 - 0.05 mm

AunzNoaU (Silt) 0.05 — 0.002 mm

AnviHe (Clay) [@nnNI 0.002 mm

\ Sqné»..plﬂy,/ X
\ / loam\ // Y/

\ \
60 50

Percentage of sand




ABINIZULNUUNAN INMA NN IV
AUNITINNVITHIAIYFINIFNITIUUNAY
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® vinasinay - Sieve analysis

® anumied - Atterberg limits

Liquid limit Plastic limit
I |
!

Plasticity index




MNIUSBUNSVVNATAAUMNIZ VUM IDWUDAUAN 9

Name of organization

Grain size (mm

Gravel Sand

Silt Clay

Massachusetts Institute
of Technology (MIT)

>2 2 to 0.06

0.06 to 0.002 <0.002

U.S. Department of
Agriculture (USDA)

2 to 0.05

0.05 to 0.002 <0.002

American Association
of State Highway and
Transportation
Officials (AASHTO)

to 0.075

0.075 to 0.002 <0.002

Unified Soil
Classification System
(U.S. Army Corps of

76.2

Engineers, U.S. Bureau

of Reclamation)

to 4.75 4.75 to 0.075

Fines
(i.e., silts and clays)
<0.075

mrTTT T 1 ‘[YIIIITI I

nilg

]”l!ll T

nw

T [Hllll | == & ](IIITT 1

AuAZNOU

Massachusetts Institute of Technology

AuATNOY

U.S. Department of Agriculture

AuUAZNOU

American Association of State
Highway and Transportation Officials

niw

llLll Il 1

) N [ ITR T B

AuAzNoUNIAY AUIMTIL) Unified Soil Classification System

1.0

0.1 0.01

4 =
VUIAILUARYU, mm

0.001




AASHTO Soil classification system

#931910 American Association of State Highway and
Transportation Official uAaenew 133 Transportation RPN
AASHO

Y % ]

STUUDMUNAUIZVVHNF AUV HNDNLIVBINVDUY 15U

ﬂ'i’)ﬁ%N ﬁ%i’)@i’)ﬂ!!ﬂﬂﬂu‘l—!

STULSWUNAY AASHTO azmilsaueenilu 3 ngu Ao

amﬁﬂ?‘iﬂTU FNUAZUNTI #200 <35 %) —> A-I 5\7 A-3

ANINAZIEN HNUAZUNTS #200 > 35 %) ——> A-4 899 A- 7

AUBUNIATS - 4-8




vinaveuiaauluszuy AASHTO

FUAVDIAU

VA, MM

ny1a (Gravel)

76.2 —2.00

ns1e (Sand)

2.00 - 0.05

aunznou (Silt)

0.05 - 0.002

awrited (Clay)

< 0.002

Sieve
analysis

Atterberg

limits

Table 3.1

General
classification

Group
classification

Sieve analysis
(percent passing)
No. 10
No. 40
No. 200

Characteris of
fraction passing
no. 40

Liquid limit
Plasticity index

Usual types of
significant
constituent
materials

General subgrade
rating

(35%

50 max.
30 max.
15 max.

50 max.
25 max.

Stone fragments,
gravel and sand

Classification of Highway Subgrade Materials

Granular materials
or less of total sample passing no. 200)

51 min.

10 max. 35 max. 35 max. 35 max.

40 max.
11 min.

41 min.
10 max.

40 max.
10 max.

NP

Fine
sand

Excellent to good

35 max.

41 min.
11 min.

Silty or clayey gravel and sand




Silt-clay materials
General classification (More than 35% of total sample passing no. 200)

Group classification

Sieve analysis (percent passing)
No. 10
No. 40
No. 200 36 min. 36 min.

Characteristics of fraction
passing no. 40
Liquid limit 40 max. 4] min. 40 max. 41 min.
Plasticity index 10 max. 10 max. 11 min. 11 min.

Usual types of significant
constituent materials Silty soils Clayey soils

General subgrade rating Fair to poor

yPI<LL —30

* For A-
® For A-

7-5, P.
7-6, PI > LL — 30

|
50 60 70 80 90
Liquid limit




cg o a v Y = . < P A
HONIVINH ]Hﬂﬁ%]!mﬂﬂ‘u 839M109U Group index 3&!@111"!36111&

WAINGNAE 1IBU A - 4(5) B9 GI danansaminalannaums

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

A= % HIUAZUNTI #200 NINN 35%

B = % HIUAZUNTI #200 NINNN 15%

C = 1 LL. N3NNI 40%

D = 1 PL N3N 10%

=)
139

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

F = % WIUAZINTI #200

Tunsaifungy A-2-6 1az A-2-7 a1 GI 1InaNMS

GI=0.01 B.D




arSUAUNGN
A-1-a, A-1-b, A-2-4, A-2-5 1Az A-3

Y J
A1 GI MDY FHE 1aND

v

1 < o < = Y T J
A GI %zgﬂwammmumumﬂ ummamgma

(ludadlyl

Y < Y | o a % = d?
M Gl ﬂ%!ﬂﬂﬂ?‘ﬂ’Jf]‘i]“!uﬂﬂualﬁﬂgl?)ﬂﬂinﬂelﬂ!

d! Y A Y = U I~ Y U a d'd 4
maa1wu1unqummnu UA1 GI ANOH aHNUAT GI

F 4

Woe axHINzanl UM IINTH Subgrade M1HHN




Unified soil classification system

YUY (USCS) ¥ gniiuaualag Casagrande 1@z 1a5UmMs

15v1/39)a8 U.S. Bureau of Reclamation tazlaldanausaifagiiu
F9921¥ AV UMM HIAINTIUN Y B U MIIZE 1500 U

99NHUVITUIN

\l
U =

(Y d Y <& [ (¥ U A d Y v o
3] ﬂ‘i:-lﬂ.!‘ﬁl‘lf %!ﬂuaﬂmmﬂqymwuﬁlﬁty 2 ﬂ?f"]ﬂu

[NV d a
yandaUaInu

O = AUBUNIAS (Organic soil)
G = 193 (Gravel) ;
L = Namnwarafnii (Low plasticity)
S = N318 (Sand)

H = Jamwwalafnga (High plasticity)
M = AUAZNBU (Silt)

W = Jvanaza (Well graded)
C = AUHED (Clay)

P = NviNanaz INA (Poorly graded)




A0V IBHAAY

GW = Well graded gravel

SM = Silty sand

MH = High plastic silt (Elastic silt)
CL = Low plastic clay (Lean clay)

CH = High plastic clay (Fat clay)

: ' A < Y =~
i%‘]J‘]J‘Mi]%&!‘]JQﬂM!‘IJH R nay nv

AMITIATEeNY (Coarse grained soil) = A4 #200 N1HNIN 50 %

Auinazvan (Fine grained soil) =—p WM #200 31901 50 %

AUNN (Peat) » LLR<0.75

. . . e o0 v 2q Y o v Y 1 v v =
LLR = Liquid limit ratio ®A31a31UY84 LL Tﬂ‘lfﬂ’cl68]1&6‘]J!!1"ix1ﬂ’f)ﬂ3’08]1&!ﬂﬂﬂ




vinavaaiadauluszuy USCS

FUAVDIAU vina, IMim.

nya (Gravel) 76.2 —4.75

n31e (Sand) 4.75 - 0.075

auinazioaa (Fines) < 0.075

Make visual examination of soil to determing whelber it is
highly organic, coarse grained, or fine grained. In border-
line cases delermine amount passing No. 200 sieve,

ganic Soils Coarse Grained
(")

S05 or less pass No. 200 siere,
texture, color, odor, very

ture content, particles of : '
031
. leaves, eic.) Run sieve analysis

c'(—mﬁ)
e of coarsa fraction
No. 4 sieve

Mare than Less than More than
1255 pass 3% pans d 2% 125 pass
0 No. 200 sieve

Above “A"
fine on
plasticity chart

have double sym-
Examine | bl appropeate | [P0 1L 3nd PY Color, odor, passibly f, possi
grain-size | |lo grading and S LL and PL o0 oven LL and PL oa
curve dry soll dry soil
’ leristics, e.g.,
SW—SM

ine|| Limils plot | i
and halched in halched || and halched

fo0¢ 0a | 100 o0
plasticily chart| p

zes are U.S. Standard,
e with free-draining pi




Highly Organic Soils
(P)
Fibrous texture, color, odor, yery
high moisture content, particles of
vegelable maller (sticks, leaves, elc.)

Gravel (G)
Grealer percentage of coarsa fraction
; .
relained on No. 4 sieve

Plasticity chart

For classification of fine-grained
solls and fine frac p.
grained soils

Atterberg limits plotting in hatched
area are borderline classifications
requiring use of dual symbo|

Equation of A lines
Pl = 0.73(LL - 20)

Liquid limit LL

Plasticity chart

Mahe visual examination of soil 1o delermine whether it is
highly organic, coarse grained, or fine grained, In border=
line cases delermine amount passing No. 200 sieve,

Coarse Grained
5045 or less pass No, 200 sieve,

Sand (S)
Grealer percentage of coarse fraction
pass No. 4 sieve

L
Liquid limit less than
50

limil greater than
50




High

y Organic Soils
(P)

Fibrous texture, color, odor, very
high moisture content, particles of
vegetable maller (sticks, leaves, etc.)

Coarsa Grained

509 or less pass No. 200 sieve,

|

l

Run sieve analysis I

{

Gravel (G)

Grealer percentage of coarse fraclion
retained on No. 4 sieve

[

|

Less than

5% pass
HNo. 200 sieve ®

Between 5%
and 12% pass
No. 200 sieve

More than

1292 pass
No. 200 sieve

I

I

I

'

Examine
grain-size
curve

Borderline, to

have double sym-

bol appropriate
lo grading and
plasticity charac~
leristics, e.g.,
GWY—CM

Run LL and PU
on minus

No. 40 sieve
fraction

S

|

1

|

Sand (S)

Grealer percenlage of coarse fraction
pass No. 4 sieve

|

1

Less than

5% pass
No. 200 sieve *

Between 5%

and 129 pass
No. 200 sieve

More than
1295 pass
No. 200 sieve

I

L

I

Examine
grain-size
curve

Borderline, 1o

have double sym-

bol appropriale
to grading and
plasticity charac-
teristics, e.g.,
SW—SM

Run LL and PL

on minus
No. 40 sieve
{raction

s

1

1

Yell
graded

Poorly

graded

Below “A" line
and hatched
zone on
plasticity chart

Limits plot
in halched
zone on
plaslicity chart

Above “A” ling
and hatched
one 0N
plasticity chart

Below “A" line
and hatched
zo0e 0n
plasticity charl

Limils plot
in hatched
0ne on
asticity chart

rbove “A” line
and halched
0ne on
plaslicity chart

I

|

I

I

[

GP

GM

GM—GCy

GC

SM

Fine Grained

More than 509z pass No. 200 sieve,

[ Run LL and PL on minus 40 sieve malerial ]

|

L
Liquid limit

50

less than

il

I

|

SM—=SC

SC

H

Liquid limit greater than

50

I"—L"T

Below “A"”
. line on
plasticity chart

| 1

Below “A" line| | Limits plot | [Above “A" lin
and hatched in hatched and halched
one on zone on z0ne on
plaslicity chart| [plasticity chart| [plasticty chart

| 1

Above A"
line on
plasticity chart

Color, odor, possibly
LL and PL on oven
dry soil

o

Organic

Color, odor, possibly
LL and PL on oven
dry soil

e

Inorganic

Inorganic Organic




Group Symbol Group Name

=15% sand ——>» We] ded gravel with sand
C,<4and/or1>C.>3 > GP <:<15%sand—>l’oo graded gravel
=15% sand —> Poorly graded gravel with sand

fines = ML or MH —> GW-GM ~ <15% sand ——» Wellgraded gravel with silt
C,=4and1=C, £3< =15% sand ——» Well-graded gravel with silt and sand
fines = CL, CH, —> GW-GC ~—3 <15% sand — Well-graded gravel with clay (or sdtz
(or CL-ML) >15% sand ———» Wellgraded gravel with clay and sand (or s:lty clay and sand)

<5% fines ?Cu;“andliccﬁs :Gw?:<15%sand—>wdl-gmdedgmd

fines = ML or MH — GP-GM <: <15% sand —> Poorly graded gravel with silt
C, < 4and/or1>C, >3< 5% sand ——» Poorly graded gravel with silt and sand
fines = CL, CH,——> GP-GC - <15% sand — Poorly graded gravel with clay (o silty clay)
(or CL-ML) >15% sand — Poorly graded gravel with clay and sand (or silty clay and sand)

fines = ML or MH —> GM T{ <15% sand — Silty gravel
/ 5% sand — Silty gravel with sand
>12% fines » fines = CL or CH —> GC —c_: :
\» fines - CL-ML——> GC-GM ~—>

=15% sand —>» Sﬂty clayey gmvel with sand

. =>15% gravel —>» Wel ed sand with gravel
C,<6and/or1>C.>3 » SP <:<15%gnvel—>
=15% gravel —> Poorly graded sand with gravel

fines = ML or MH —> SW-SM X <I% | —» Well-graded sand with silt
C,=6and1=C, $3<: )lsxmv:l—bwgn‘mdedﬁdmﬁxahudwel
fines = CL, CH,—> SW-SC <: <15% gravel —» Well-graded sand with clay (or silty clay,
(or CL-ML) =15% gravel —» Well-graded sand with clay and gravel (or snlty clay and gravel)

<5%ﬁnes<Cuaﬂandl$Cc63 =SW<:<15%gmvel—>WeU—gndcdsand

=15% gravel — Poorly graded sand with silt and gravel
fines = CL, CH, — SP-SC ~<——3 <15% gravel —> Poorly graded sand with clay (or silty clay)
(or CL-ML) =15% gravel —» Poorly graded sand with clay and gravel (orsﬂtyclay and gravel)

fines = ML or MH —> SM ————3 <15% gravel — Silty sand
=15% gravel —> qu sand with gravel
es > es = or < gravel —>»
>12% fing fines = CL or CH — SC 15% 1 C] sand
=15% gravel —» C| ey sand with gravel
fines = CL-ML——> SC-SM -2 <15‘%gmvel—b5ﬂty ey sand

=15% gravel —> Silty, clayey sand with gravel

fines = ML MH—»SP-SMQ: 15% | —> P led sand with silt
C,<6and/or1>C, >3<: . o = 15% gravel e

Group Symbol Group Name

<30% plus No. 200 ~<: <15% plus No. 200 > Leanclay
15-29% plus No. 200 <: % sand >% gravel ————— Lean clay with sand
PI > 7 and plots —> CL
on or above
“A” —line =30% plus No. 200 <

% sand <% gravel ——————> Lean clay with gravel
% sand =% gravel <: <15% grave] =———————————> Sandy lean clay

=15% grave| =—————————> Sandy lean clay with gravel
% sand <% gravel <: <15% sand ————— > Gravelly lean clay

=15% sand —————— > Gravelly lean clay with sand

<30% plus No. 200 ? <15% plus No. 200 Silty clay
lSZ%plusNo.Z(X)(:ﬂng::m:—>—’$dgﬁhhmd‘
san gravel o gravel
% sand B%g‘mvel<:<l$%mvel——>$andysﬂlyday
>15% gravel ———————— Sandy silty clay with gravel
% sand <% gravel <: <15% sand > Gravelly silty clay
=15% sand —————————————> Gravelly silty clay with sand

4<Pl<7and —> CL-ML
plou; on or above
—line >30% plus No. 200 <

<30% plus No. 200 ? <15% plus No. 200 > Silt
15-2%Splu3No.200<::san:‘il >:m—’—>§:ll:w§$mdl
sand < with grave
% sand a%graveli:qsxmvel—»&ndysm
=15% grave| ———————————> Sandy silt with gravel
% sand <%gravel<:<15%sand—————>(;meuys§h )
>15% sand ——— > Gravelly silt with sand

Pl <4orplots —> ML
below “A” —line
230% plus No. 200 <

LL-ovendried

Organic (Lh=ovendried _ 75)— QL ——> See figure 15

<30% plus No. 200 ~<: <15% plus No. 200 ——— l :satmm "
>% gravel ———> Fat san
PI plots on or —» CH 520N pae . 209 % sand <% gravel ————> Fat clay with gravel
g s — 1T PO
>, lus No. 215% gravel —— > t clay with grave
3 <: % sand <% gravel -<: <15% sand Gravelly fat clay
>15% sand ———— > Gravelly fat clay with sand
PI ,plots below —> MH
“A” —line
Organi (LL-ovendried
TBANIC | 1 not dried

<30% plus No. 200 Y <15% plus No. 200 Elastic silt
lSMphsNo.m<:m:::%*’M$ﬁmdl
sand <% gravel ———— Elastic gravel
% sand =% vel<:<15$wcl——->&ndyehwcuh
sil >15%mvcl————>mewnhm;mwel
<:<15%sand———> elastic
Naaad <y gramel 15% sand ——————————> Gravelly elastic silt with sand

=30% plus No. 200 <:

<075) —» OB ——> See figure 15




Group Name

<30% plus No. 200 Y <15% plus No. 200 » Organic clay

15-29% plus No. 200 <: % sand >% gravel ————————> Organic clay with sand
% sand <% gravel —————> Organic clay with gravel

PI = 4 and plots on % sand =% gravel <: <15% gravel ———————— Sandy organic clay
or above “A” —line =30% plus No. 200 < 215% gravel —————————— Sandy organic clay with gravel
% sand <% gravel <: <15% sand ————————> Gravelly organic clay
=15% sand ———————> Gravelly organic clay with sand

<30% plus No. 200 Y <15% plus No. 200 » Organic silt
15-29% plus No. 200 <: % sand >% gravel ——————— Organic silt with sand
% sand <% gravel ———————> Organic silt with gravel

PI < 4 and plots % sand =% gravel <15% grave] ————————> Sandy organic silt
below “A” —line >30% plus No. 200 < S e
% sand <% gravel <: <15% sand —————————— Gravelly organic silt
=15% sand ——————————> Gravelly organic silt with sand

<30% plus No. 200 i: <15% plus No. 200 » Organic clay
15-29% plus No. 200 -<: % sand 2% gravel —————> Organic clay with sand
% sand <% gravel ——————> Organic clay with gravel

Plots on or % sand =% gravel <: <15% gravel —————————> Sandy organic clay
above “A” —line =30% plus No. 200 <: >15% gravel ———————> Sandy organic clay with gravel
% sand <% gravel <: <15% sand ————————> Gravelly organic clay
215% sand —————————> Gravelly organic clay with sand

<30% plus No. 200 ? <15% plus No. 200 - Organic silt

15-29% plus No. 200 -<:%sand 2% gravel —————> Organic silt with sand
% sand <% grave] ————————> Organic silt with gravel

Plots below % sand =% gravel Y <15% gravel ——————————> Sandy organic silt
“A” —line =30% plus No. 200 <: >15% gravel ———————— Sandy organic silt with gravel
% sand <% gravel <: <15% sand ——————————> Gravelly organic silt
=15% sand ———————————> Gravelly organic silt with sand

% 4 d’
PIIDENNN 2.1

From grain size distribution curve, determine the soil

group by using Triangular soil classification chart

and MIT system to check for grain size.

Z

— = ————F === No.200

1

00 +t—F—F—F+—F =1

b
: =
Grain diameter, mm

LLRE" B SR FEANY SUNHUES NN Su——_—— .




o 1A
PIIDENNT 2.1

2100IINNITNIZIYVUTAAY DIBMUNAUBHA

Y ﬂi o =) Ad! ] A=
Tﬂﬂ%gﬂﬁW@ﬂﬁﬂMﬂMﬂﬂﬂ BFINTUUIVHIAVDUNAAY
%1%z 00 MIT

IIIIlIIIINIIE'"IIIIIIIIIIIHIIIIIIIIIIIIIIIIIIII
RN
NIRRT
NIRRT R
IR RGN
L8 TRETT ql T TN T T
LG AT T T T N T
IIIIIIII“IIIIHIIII]IIIIIIIlIIIIIlIIIIIil!l!IIII
NERIHHINRG N mise
IIIIIIIIIlIIlIHIlII!IIIIIIHIIIIIIIIIIIIIIIIIIII
sy § sag

-]
Grain dlcmohr mm

51
7 % iiiiiiiiiiiii'ﬂlllﬂ||||||H||||Il|||||||ll|||||
vinavasinluszuy MIT HERHIR R AR
|||I||||H||l|ﬂ||||]l!l|||ﬂ||||ll||||||||l|||||
) IERHIR R
. JIEEIHERInEnEIEsmnnmeim
B B TR (e NS T T
. |||l|||||f|||llﬂllllillmlﬂl||||i'“|!!|ll|||||
PRGN Y T T I I
IRRIHIRR AN R iR

nsw i HERIIHIRE s R R

(Sand) e 2 20§ § B8ag006 §

Grain diameter, mm
AUAZNOU

(Silt) 0.06 — 0.002

Aumfien % az108ANIN 2 mm. = 97 %

(Clay) 1@nn 0.002

% azPYANI 0.06 mm. = 53 %

% az1R8ANIN 0.002 mm. = 22 %




vinavasauluszuy MIT

103N :

¥HAVRIAY Y@, Mm

% azPeANI 2.0 mm = 97 %

N3N

(Gravel) lvgynn 2.0

HINYANUNAUTGIAIENNI 2.0 mm B

NNy

(Sand) 2.0-0.06

97 % VDINIHINA

AUAZNOU

(Silt)
T A /= U~ ] Y | ]
Arumidien !lﬁﬂﬁ31ﬂHN!Nﬂ1ﬁﬁyﬂ31 2.0 mm ag

(Clay) annn 0.002
100-97=3 %

0.06 — 0.002

% AZ1PYANI 2 mm. =97 %
% azPYANIN 0.06 mm. = 53 %

% az198an 31 0.002 mm. = 22 %

vinavasauluszuy MIT %1ﬂﬂ§11"l .

viavesdiu | v, mm % az198AnNI 2.0 mm = 97 %

33N

(Gravel)

lwginn 2.0

WINBANNNAUNIAIANN I 2.0 mm o

(S“md) 50— 0.06 97 %, YBINIHNA
an

a
AUACNOU

(Silt)

o VOINIHNA
?2;‘:;; iinn 0.002

0.06 - 0.002 uazHAUNIAEANNIN 0.06 mm d¢ 53 %

UAAINTIAAUYUIA 2.0 — 0.06 mm B

% AZPYANI 2 mm. = 97 % 07 _ 53 =44 %

% az198an 0.06 mm. = 53 %

L, AUHNNTIE = 44 %
% azeannil 0.002 mm. =22 %




vinavesauluszuy MIT %1ﬂﬂ‘§1‘l/‘l .

yiauosdu | v, mm % aZ1d8ANI 0.06 mm = 53 %

N3N

(Gravel) lvgynn 2.0

HULANNNAUNIAENNIT 0.06 mm

| 20-00s ot 53 % YBINIHNA

AUAZNOU

(Silt)

fuin |0 22 % VDININUA
(Clay)

A ci 1 < v '
0.06 — 0.002 tazNAHNINALQANN I 0.002 mm i')g

HAAINITAAUYMIA 0.06 — 0.002 mm BY
% 8z128ANIN 2 mm. =97 % 53-22=31%
% 8108AN I 0.06 mm. =53 %

L AUUNAUAZNOU = 31 %
% azeannNI 0.002 mm. =22 %

vinavasauluszuy MIT

yHAVDIAY ving, Mm ‘i]1ﬂﬂ§1w .

33N

(Gravel)

lwginn 2.0

% aziR8ANI 0.002 mm = 22 %

NNy

(Sand) 2.0-0.06

HINLANUNAUNTAENNI 0.002 mm

a
AUACNOU

il 0.06 — 0.002 Y o
(Silt) af_ul 22 % VOINIHINN

a =
AHLTIHED

(Clay)

1wnn1 0.002

a dwda =
AHUNAUIN U =22 Y%

% AZ1P8ANI 2 mm. =97 %
% azPYANIN 0.06 mm. = 53 %

% az198aNIN 0.002 mm. =22 %




vinavaaauluszuy MIT

a a
BHAVDIAU

vina, mm

N3N

(Gravel)

lvggn 2.0

Nn3g

(Sand)

2.0-0.06

a
AUATNOU

(Silt)

0.06 — 0.002

a =
AHLTIHED

(Clay)

1wnnn 0.002

UHUNNIIN = 3 %
UHUANTEY = 44 %
HUNAUAZNOU = 31 %

UUNAUTIHED = 22 %

HUSMINUYHIAVDITZUY MIT

d‘ d‘ o a A = )
mammgﬂammaﬂmmuﬂﬂu %&1‘11911!!1/\]8]\‘1 3 ‘]iuﬂaluﬂ”li

o 1 & % :; =X Y (% Y o a !
UUNMNMUU ﬂﬁ“ﬂﬂﬁﬂﬂﬂﬂiﬂ!lﬂﬂ]H’JMGII?)QWHG!‘HN

AUUNNTIEY = 44 %
AUNNAUAZNOY =31 %

UHNAWYHED = 22 %

AUNNNITIEY =44 +3 %

=47%

Saa
HHNAUASNOU =31 %

AUNNAMITHE =22 %




AUUNNTIE = 47 %

AUUNAUAZNDY = 31 %

AuUNAMIviHED =22 %
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56.3

AadA o
I5N1

d
ASUNINVOTF

10

b PL=LL.- PL.

=353.2 - 33.7
=19.5 %




Table 3.1 Classification of Highway Subgrade Materials

) General Granular materials
N3 classification (35% or less of total sample passing no. 200)

Group
classification

Sieve analysis
(percent passing)
No. 10
No. 40
No. 200 ) . ax. 5 . 35 max. 35 max. 35 max.

Characteristics of
fraction passing
no. 40

Liquid limit
Plasticity index

Usual types of
constituent Stone fragments, i
materials gravel and sand Silty or clayey gravel and sand
19.5 % 5
General subgrade

rating Excellent to good

Silt-clay materials
General classification (More than 35% of total sample passing no. 200)

ASUNI

Group classification

Sieve analysis (percent passing)
No. 10
No. 40
No. 200

Characteristics of fraction
passing no. 40
Liquid limit
Plasticity index

Usual types of significant
constituent materials Silty soils Clayey soils

General subgrade rating Fair to poor
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40

| Liq8312:%

%50910 LL.= 53.2 % uaz PL =19.5 %

v
v v

G934 LL. - 30 = 53.2-30 = 23.2 94100 PL %30

PI. < LL. - 30




1N
GI = (F - 35)[0.2 + 0.005(LL. — 40)] + 0.01(F — 15)(PIL. — 10)

F = % {1UAZUNTI #200 = 56.3 %

LL.=53.2% PI.=19.5 %

GI =(56.3 —35)[0.2 + 0.005(53.2 — 40)] + 0.01(56.3 — 15)(19.5 - 10)

GI=9.6 =———) G]=10

A-7-5(10)
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azunsuues (V1a,mm) % HIU s mundnlag

4 (4.75 78.0
(4.75) 521U USCS

200 (0.075) 4.0

gﬁmmnﬁﬁuw'mmuﬂﬂ #200

N 4 % Faaaad Adalrvann
#200 9 100 — 4 =96 %

ASUNIN

d
1Ua9
4 . l

AMINATEND




‘ finy Fann DAuilu diann dinazidon nFesumIoms mnlindlelig % s # 200 uazer LLR

Auniansy Auiinozidon

HU # 200 Vioon 1 50 % HIM # 200 11NN 50 %

ATUNIN

A -
e [HOIDINNAUNIUAZUN T #4 = 78.0 Y%

d! Y =~ 1) Y L)
BAULACINI NlNﬂﬁl‘i’iﬁyﬂ’ﬂ #4 o

4

100 —78.0 =22.0 %

G=22.0%
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Waann #4  wazlviynd #200 oy
78.0 — 4.0 =74.0 %

S=74.0 %
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G=22.0%

S =74.0 %

Fines = 4.0 %
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pass #200

HIM ¥ 200 Hu# 200 —40 WM # 200
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S=74.0 0/0 5%

¥ LL oz ¥ LL noz
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C,= Dg/Dy,

m!!ﬂdﬂ =1.27/0.30
BTGE]

4 : = 4.23

C, > 4.0 =Well graded soil

— 2
C, = D, (D,,D,)

10760

=0.73%/(0.30 x 1.27)

= 1.92

C. between 1 -3 = Well graded soil

VYHIANAZNHUA

Well graded soil
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AZUNTIVOS % #u INUUNAUAE
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3¢ USCS

62.3
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Awilano Awiiaozidon
H1M # 200 viotNn 1 50 % H1M # 200 310031 50 %
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4 , PL=LL. - PL.

=27.4-19.1

= 83 %
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dunnidu Auduniv dunaduidu Auduniu

3 wie efiunioms m3 wis silunioms

ASUNI Plasticity chart

d
S1G ] For classification of fine-grained
soils and fine fraction of coarse-
grained soils.

Atterberg limits plotting in hatched
area are borderline classifications
requiring use of dual symbols

Equation of A lines
Pl =0.73(LL - 20)

Plasticity index Pl

27.4 % Liquid limit LL




%301¥aNMS PL = 0.73(LL. — 20)

unuA PL = 0.73(27.4 — 20)

2210 PI. = 5.4 %4 10801 PL 930U (8.3 %)
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Ground level

Bore hole \

Contact water

Partial capillary saturation zone

Capillar§ &id puoifilen zone
X7  Water table

Saturated soil




gNNAINIATS (Capillary)

INADINUSTININI(Surface  tension) VDI
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W = FTcos(l

’YW(TE.rZ.h) = T, 27r) cos A

h=Q@QT/Y .r)cos

M9 2.1 uanmANY qundsvesanmaillals Auduriiadien
FUAVDIAY ANGI (cm)
<
NSIAYUIALAN 2 - 10
NIYHE [5 =25
N510aZI0A 30 - 100
AUAZNDU 100 - 1000

AUVITYN 1000 - 3000
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Turbulent flow

Laminar flow

Turbulent flow
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Laminar flow
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190 (Head) HH18D9 NAINHUABYIUIE

. a0 <
NJa (Energy per unit mass) Anuen il

ANEN

IANNNAY (Pressure head)
IASZAUIN (Elevation head)

[IANN5I (Velocity head)




IIANINHA (Total head), h

Bernoulli 10 HeNNAT FANIKNA IADHATINVDUIA

14  aNuNI5HI38N I Bernoulli’s equation

h =h +h +h

IANNNAY (Pressure head), h

= |
140
) o A Aa
u = ANHAUHVIHINYIANNAII

Y. = Henntnvea




FIATZAVH (Elevation head), h,

Z = 5282MPOAN Datum HIDANND 1IN

Q

1@ANNI (Velocity head), h,

h, = v’2g

= anuslumslvady

AT




\l d' a \ S =R Z’ t4
ammmmfﬂuﬂu mmnm*ﬂums"l?iammmumaﬂmn

(v»0) Aa1lu 3% h =0

MSgeyYaean (Head loss), A h

L

d' ?:’ Y A A v Y d'
91111 1nAUNT Total head gl Total

A} v |}
= % =

head M1 H1DADIGYIAYWAINYU T8N MIFYAISA







Datum #2

Datum #1

A ~ 2 v 2
1199210A1 Pressure head JHAMTUTIIENN AT

N19%1199A09%1 Total head a2 Elevation head 127

MM UNHINOH Pressure head




308197 3.1
From the figure shown, a homogeneous soil is placed in the uniform
cylinder and the water flow from left to right. The water level at both sides
are kept constant during the test. If datum is assumed at the bottom of the
lower water tank. Determine total heads, elevation heads and pressure

heads at point A, B, C, D, E and F

o 1A
PIIDENNN 3.1

d v U v =) d' T2 A &' d' Y v
angUnsainagy AU NAUNYNUIIVDYUAUANVANAZTWUNTIHING

g aNeNavAN NN NNMINAARIRZNU NI IHar HANna 1Hd 181

% U ?)’ 3,1 % o 4 =i 1'% 4 U
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91999 (Datum) 2gNNUAINVAII VIHIAUIANINNA 1FAIZTAVINAZITAN N

\J
v A

AUNYIAABCD E ttag F




15:0 i 200130 U

B e

50.0 ecm
40.0 em |

25.0 cm

Datum * 6.0 em

i lviaandneldui = Total head MUGIE (50.0 cm) 3NN MIUUN (10.0 cm)

AH (Head loss) = 50.0 — 10.0 = 40.0 cm

15.0 em
15 cm
50.0 cm

40.0 em

30.0 em

10.0 cm | P
Datum 6.0 cm

]
=

N15aNNYA A
NNANMS 3.5, h =u/y,

h = (50.0 - 40.0).Y, /Y,

¥

h =10.0 cm (MADIZEZNDINIZAVINDIYA A)




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 em ‘ l-‘.
Datum 6.0 em

Al

=

W2158019A A

h,=40.0 cm ((MAVIZYININDINITAVOIIDIDIYA A)

50.0 cm
40.0 em

30.0 em

10.0 cm | P
Datum 6.0 cm

]
=

N15aNNYA A

NNAUNMTI 3.8, h = hp + he !!Tluf”h

h =10.0 +40.0 =50.0 cm




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 em ‘ l-‘.
Datum 6.0 em

Al

=

Wa159113A B
NNANMI 3.5, h =u/y,

h =(50.0 - 25.0).Y, /Y,

=

h =25.0 cm (IMHVIZHZMIDINTLAVIHID99A B)

Q

15.0 em
15 cm
50.0 cm

40.0 em

30.0 em

10.0 cm | P
Datum 6.0 cm

]
=

W15aNN9A B

h,=25.0 cm ((MHUIZESNINDINIZAVD DDA B)




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 em ‘ l-‘.
Datum 6.0 em

Al

=

Wa159113A B

1NAUNF 3.8, h = hp +h, UNHUA

h =25.0 +25.0 =50.0 cm

15.0 em
<

75 cm
— - . L
- » X 50.0 cm
40.0 em B
- =

30.0 em

10.0 cm | P
Datum 6.0 cm

]
=

Na158113A C

1149991190 C o8l UeIBEIAUNIDINYA B (M 7.5 cm #30
g:l d! 1] a\ o A
Y, ¥09ANNENINIHNA FamsIvnaruauain B 1 E szl

MIGYATANINY 40.0 cm  AIHUMSYRLTAIUDININNS

0 ¥4 99 NNEINIHNADZMNY 40.0/4 = 10.0 cm




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 em ‘ l-‘.
Datum 6.0 em

Al

=

Wa15801A C

Total head 119@ C = Total head 119@ B — Head loss 1#83210m3 1viavesinon B'li €

Total head N2a C = 50.0 — 10.0

Q

Total head ﬁﬂqﬂ C=40.0 cm

15.0 em
“

75 cm
— - . L
i3 2 50.0 cm
40.0 em B >
- =

30.0 cm

10.0 cm | P
Datum 6.0 cm

]
=

Na158113A C
h = 25.0 cm ((MHUIZESNINDINITAVDINBID99A C)

4
C>)

HU hp = 40.0 -25.0 = 15.0 cm




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 em ‘ l-‘.
Datum 6.0 em

Al

=

W915801190 D

119991090 D 98l ueI0e19AUM1991INYA C MDD 7.5 cm #30
:,J d! ' a o Y
Ve U99ANNINIHNA Fams Ivashuaun B 1 E ezl

MIGYAIIAININY 40.0 cm AIHUMSYLITAUDININNS

%8 v ¥93ANNEINIHNAIIMNY 40.0/4 = 10.0 cm

15.0 cm AI0U AU

<

75 cm
— - . L
- od X 50.0 cm
40.0 em B

-
30.0 em

10.0 cm | P
Datum 6.0 cm

]
=

Wa1580N9a D

v v ]

Total head 190 D = Total head 190 C — Head loss (i03010m3 lviavesian ¢ 1 b

Total head 120 D = 40.0 — 10.0

Q

v

Total head ﬁi;lﬂ D =30.0 cm




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 em ‘ l-‘.
Datum 6.0 em

Al

=

W915801190 D

h,= 25.0 cm ((MNHUIZESNNDINIZAVOINBIDIYA D)

v
L%

HU hp = 30.0-25.0 = 5.0 cm

50.0 cm
40.0 em

30.0 cm

10.0 cm | P
Datum 6.0 cm

]
=

W15aNN9A E

110901090 E ogludi06199141 1901090 D 1My 15.0 cm
#30 1/2 ¥9InNNE NN Fam s vashuauon B i E ez

Thiimsgay@aaamny 40.0 cm AIHUMSYTUIIAUBINN

M9 lvia 1/2 ¥99nNNLINIHNADLMNY 40.0/2 = 20.0 cm




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 em ‘ l-‘.
Datum 6.0 em

Al

=

W21580190 E

Total head 119@ E = Total head 9190 D — Head loss 114932103 1¥iavesihon D 1 E

Total head N2a E = 30.0 — 20.0

Q

Total head ﬁﬂqﬂ E=10.0 cm

15.0 em
15 cm
50.0 cm

40.0 em

30.0 em

10.0 cm | P
Datum 6.0 cm

]
=

W15aNN9A E

h = 25.0 cm ((MHUIZESNINDINITAVDINBI099A E)

AU h = 10.0-25.0 = -15.0 cm




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 ¢ "
— ‘ F Ib.(l om

Datum

Al

=

W2158019A F
NNANMI 3.5, h =u/y,

h = (10.0 - 6.0).Y /Y,

=

h =4.0 cm (MHVIZHZMIIN5LAVHINIDA F)

Q

15.0 em
15 cm
50.0 cm

40.0 em

30.0 cm

10.0 em ‘ ®
F 6.0 cm

Datum

]
=

W15aNNYA F

h,= 6.0 cm ((MHUIZHSNDINITAVD1IDI099A F)




50.0 cm
40.0 em

25.0 cm 30.0 cm

10.0 ¢ "
— ‘ F Ib.(l om

Datum

Al

=

W2158019A F

1NAUNF 3.8, h = hp +h, UNHUA

h =4.0+6.0 =10.0 cm

15.0 em
<

TS5 cm
_— ) »
= B ok ~ 50.0 cm
40.0 em
O AR A AR KR KA AR SRR |
<
25.0 cm 30.0 em

10.0 cm | P
Datum 6.0 cm

Total head, cm Elev. head, cm Pre. Head, cm

50.0 40.0 10.0

50.0 25.0 25.0




40.0 em

15.0 em
<

NI0U19AU

>

g

T35 cm
B

—
25.0 cm

Datum

30.0 cm

10.0 \’lll‘

50.0 cm

‘.
F Ib.(l om

Total head, cm

Elev. head, cm

Pre. head, cm

40.0

25.0

15.0

30.0

25.0

5.0

10.0

25.0

40.0 em

15.0 em
-

MI0019AU

e

75 cm
tof |

= ]
B C A

- —

Datum

30.0 cm

10.0 em ‘

50.0 cm

F I(;.(l cm

Total head, cm

Elev. head, cm

Pre. Head, cm

10.0

6.0

4.0




c, r
NYVOIAISY (Darcy’s law)

v A 4 o A . Y
1UnInenman3s1363uaa ¥o Henri Darcy lafinymsva
FUYBIWINIYU Clean sands 111 1856 nazagin

ﬂmn?wawmummmun]un75?%@441111571145@111 (Lamina flow)
U?wwms?mwmm i)zgﬂuﬁﬂmuﬂywunﬁmmﬂwmﬂmgag;m
ANNAIATIVaTIanNs (Hydraulic gradient)
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X a g v 1 A Ao v
A = WHNHN ﬂﬂlﬂx‘lﬂ?@ﬂﬁﬂuﬂuﬂﬁﬂﬂ1u

a d
i = NNANAUBIVaFA1aAI = A h/L

k = duiszansanuduniy (Coefficient of permeability)

\i

A
1310
v = A0331ums IvanIuE (Superficial velocity)
S =
v.= AnuElumslviadn
n = MANUNFY

U
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o 1A
PIIDENNN 3.2

An isotropic soil having the coefficient of permeability 4.0 x 107
cm/s is placed in the uniform cylinder which has a diameter of 10.0 cm

,as figure. Determine the amount of water that flow through this soil.

AI001IAU

% 4 d’
MIDENNN 3.2

AreensRuilguaAmAeUAUNNAAMY  AMANNTHRIMINY
. Y ¢
4.0 x 10° cm/s §NU5320¢1UN3ZUBNAIVLNNAUANIFUANAI 10.0 cm

a g:: K9 d o | Y 24'
uazgnﬂﬂmaﬂnuaﬂmmmaaﬂumumuamgﬂ mmﬂ%mmum‘lﬁa

U Q
L4
=

NIUAIDENIA U

AetAu

40.0 em




fituergluars a9t Ah =55.0 — 10.0 = 45.0 cm

282 AB = (30> + 40%) =50.0 cm

210 i=Ah/L u4nua i = 45.0/50.0 = 0.9




M20019AU

40.0 cm

Datum

NAUNII 3.9, q = k.A.i amud1
q =4.0x107 x (7T x 10%/4) x 0.9

q =2.83x107 cm’/s

%4 a :g = '
auﬂ‘sgaﬂﬁmmmmm




%4 a Qd = 4
ﬁﬂ?fﬁa‘f@"ﬂﬁﬂ??ﬂ‘b’ﬂﬁ1%, k

mandszansanuaueu (Coefficient of permeability)

#30MIANUTNNIY (Permeability)  1Hudivendenaaniin
sumﬂumau“lﬁmmwm"!ﬂmnmmm ﬂ]‘HN‘Vi‘H’Jﬂ!ﬂ‘H
A5 mmﬂmmmmuaﬂnu LI AN AV
ANHAULVBINAAUIAZVHIAVDIBDIINITTHNUTAAY

i 2.2 NN YU YOIMANIsE Ansanuduri nazsiiaveady
AANHM A1 k (mm/sec) FHAUDIAY
Fur 11 1ad18 (Very permeable) 11NN 1 N3NNI
Furi1u 1Y 14na19 (Medium permeability) 1x10” N30, N3UALLDYA
Furn'1dd (Low permeability) 1x10 -1x10" AUAZNOUNT Y
Furn18d 110 (Very low permeability) 110 -1x10° AUATNDU

6

= 1 T J © 3 9 1 ) a =1
Furu 19 1A (Impervious) UonI 1x10 AU
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k =c®D,)’

U a Qd = v < a a\ =
k = auﬂizawﬁmmmuwm !‘IJL! CEHALNAI/IUIN
1
¢ =AM

D, = vinaszansma il sufimins (0.1 -3.0 mm)

M31af 2.8 uaaeAn C
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|
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' o ‘]J a Qd = v d' 0
k20°c = MANUITANTAINNBNANIUN 20 ¢

= 2’ . a
1,0.= MANNHUAVRIHINUTINAGDS

]
=< v IS

ko = Mandszansanudurmiungmmigiinaass

4 v

A o
N, 0. = MANUHHAVBANIN 20°C




M 20°C

N poc

atio of water,

Viscosity r
Viscosity ratio of water,

Temperature, 7(°C) Temperature, 7(°C)
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d' Y = < 4 a A =
IHDIVINAT K HUHUIALANNIN mﬁmaaﬂuﬁmﬂguﬂmﬁm
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F1IONNAITNIZTHAIZ INOYINNIN VU ammmmmagaluamwvl

= Y IS a 4 a wAa d'
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1. Constant head test

2. Falling head test

Constant head test
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1. Pumping test

2. Seepage velocity

3. Open end pipe
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Confined flow
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Soil layer #1

Soil layer #2

Soil layer #3
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o L] Y
ANUHUD 1R

(Ov /Ox) + (Ov/0z) = 0
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k(F'h/0x") + K (O'h/dz) = 0




NNAUMS 3.24 M1k uaz k, Wumdudszanianududiulunug x uaz z vesau
Y g Ya da = wva A o o o - < o

pazM InAUNRNI NN ANTAMTBUAUNNTANIG AU UM 3.24 Jananuidlugduuy
adumsvesarara (Laplace’s equation)

@'n/ox") + @noz) = 0 (3.25)

~ qQ VY < 1 e a o’
MNAUMITN 3.25 uaad iy wasawveemsiasunlasanuaiaFasamans
wauny x numslasuslasnnuaamramaas luuwouny z midugud Feamsud

4 ad y Qs 1ac »—; 1 ) ' A = P ad
aumsvesalmaiinaiwdsaleiu uasndwnay ldnatiniedenodunds Aeatn1snagl
' v

AVUNIT ]‘Hﬂ

MAYNS 11ia




v
o

mangmMsivia (Flow net) 1ydsmsvinSananim

' Y A R ya é’
Inamvasalawe Iag Forcheimer 1afavu nazgn

Y : Y a ¢
15v1l39)a8 Casagrande 13101) 1937 #anMIIAIZH

d L}
Taanan nguesana uaz aumsvesaara

M321aM1918n15 1va 1JuI5ns aeiia anagn

(Trial and errors) @IHUNITINAVZABIDIALAIN
F1UY HAZNITAUNA

= a J
ﬁNHﬂ§1Nﬂl@\‘]ﬂT§3!ﬂﬁ1$ﬁ

auagluamn Saturated

AY Homogeneous & Isotropic

PSunamesinluresneszrinadaauinnan
AADANI VUM




] +'% Y =
ﬂ1sll1ﬂﬂ1§ul‘l/‘ia Usenauniadu 2 10 MO

iaumslva (Flow line) \yidunuaaams 14adavue 131910011
A o v ¥ Aaa o o Y "o

nianavnaglidnuniitsananuad iwums lvaez lide
fu vaziaumslva 2 uazilseneunilureanislvia (Flow

Z d' Y 1 Y v ' o
channel) ‘lﬁaﬂmu’I‘Vl"l‘l”iﬁ!"'lﬂ“lffz)\‘iﬂﬁﬂ‘l’iﬁ!!ﬂﬂ%‘ﬂﬂﬁ%%ﬁ’ﬂﬂﬂ

@ uanzing (Equipotential line) aﬂua%’mﬁmﬂﬁmﬂqﬂﬁﬁaaﬂ
Havua (Total head) 1MnuluAY Guizdasudumslvaily
yuan iduanzAndozniamsgapdmaailugiaqmiqiu
Fen1 MmsgaydaauzAnd (Equipotential drop)

S ' N ] a
‘i]"lﬂg‘lj VTIVIHIT UAIDEYINAY

Homogeneous 813 12 cm TGEAYY
azlviaan A 1UB Taadl Head

loss =20 cm

alvidsunanilvaain A
B 1MNU q HaZHUAHAINE
210 A 'l Biilv 2 ¥og aradiulu

J ] = ?)’ | Y
amawm%uuﬂﬁammu q/2

wazouiaauan A 1 B 13y
4 ¥99 asuuluLnazyeIaZNI

Tviamnu q/4




91031 azifiud whezlvanin A

"l‘lJ B uay ﬁ Head loss =20 cm

Funladunsa C fszes AB/2
(6 cm) 92 1aN vitlvao1n A1 C &
Head loss = 10 em oz 1va91n C
TJ B Head loss =10 cm

HAZOMUIAUATIUUI D HazE A

5282 AB/4 (3 cm) a2l i lva
* amAaldp,plc,clEuw:E
lr!‘IJ B %zﬁ Head loss =5 cm

] v
A

Y b % o Y |
ﬂﬂ‘ﬁ Datum agwmmmumwz
"l{g]j Ul A ﬁ Total head = 20 cm

uaz 143 B A Total head = 0 cm
Yo 9214

Total head ‘ﬁ A=20cm
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Total head ﬁ B=0cm




AUAIITTNY = Flow line

ITUATITMN = Equipotential line
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Flow channel

Equipotential line
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Boundary condition
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73081931 Flow net

Sheet-pile cofferdam

Ground surface
- Grour

Impervious stratum _

Flow net for sheet-pile cofferdam.




Impervious

Flow net for masonry dam.




Flow net for earth dam with rockfill toe.

~
Y, Drain

Impervious stratum

Flow net for earth dam with downstream drain.




* Flow net for earth dam with clay core wall.
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[v,+ (av// 0z)dz] dx dy

v _dz dy [v, + (av\/ Ox)dx] dz dy

ﬁ Z houd ﬁ

v, dx dy

v_dz.dy + v,.dx.dy = [v + (Ov/0x)dx] dz.dy + [v, + (Ov,/0z)dz] dx.dy
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(Ov /Ox) + (Ov/0z) = 0
v

1INAUNIN 3.10, v ki AU v, = k_.(Oh/Ox) uag v, = k,.(0h/0z) unumasly

w vy
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k (&'h/0x") + K (O'h/dz)) = 0
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If the flow net is as figure, determine the pressure
head at point A through H. Assume that the soil is

homogeneous and datum is at the top of rock layer.
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v Y A ~
AMHBEUUVOUHIZN Total head = 70 ft
% (4 4' =
AU aUVOUN Total head = 50 ft

v
U W

IUU Head loss (AH) =70 - 50 = 20 ft
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9 | Total head, ft | Elev. head, ft Pre. head, ft

70 70 -50=20
65 — 40 =25
65 —20 =45

65-10=55

Total head, ft Elev. head, ft Pre. head, ft

70 —5 =65 0 65-0=65
70-2x5=60 60 —23 =37
70-3x5=55 55-30=25

70 -3.5x5=525 52.5-40=12.5 AT
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The cross section of a concrete dam is as shown, if the
coefficient of permeability of the soil under this dam is equal to
3.0 x 10~ cm/s in both directions. Determine the amount of water

that seep under this dam per meter of dam width. (m’/s)
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2. 19159 Boundary condition FI9LIHH N
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Flow channel (Nf) = 4 %09 Equipotential drop (N d) = 11 %94




NNANNT q = k. Ah (N/Nd)

UNUA1 q = 3.0 x 107 x 6.5 x (4/11) x (100 x 100)
q="709 cm’/s/m

ﬁ%@ 71x10° m’/s/m

% 4 4'
PIIDENNN 3.7

The cross section of a concrete dam is as shown, if the coefficient of
permeability of the soil under this dam is equal to k = 3.0 x 107 cm/s
and k = 6.0 x 10* cm/s Determine the amount of water that seep

under this dam per meter of dam width. (m’/s)
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rithaaveuveunaunImduail Sim k. =3.0 x 103
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Flow channel =4 ¥93

Equipotential drop =8 T3

MM k 1988 NNaNM3I k= (k k)" tnum

k,=[(6.0 x 10™) x (3.0 x 107)]"”

ke= 1.3 x10° cm/s

NNAUMS  q = k. Ah (N/N)

UM q = 1.3 x 107 x 6.5 x (4/8) x (100 x 100)
q = 42.2 cm’/s/m

4 -5 3
1199 4.2x10° m’/s/m
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Sand and [ ¢imported)
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Impervious

[mpervious layer




Dumped riprap 1 m (3 ft) thick
on gravel layer 0.3 m (12 in.) thick

Headwater
Impervious

blanket
\ - ’ I layey %11(\\

TPAE T2 2Pl 2

Sand gravel Gravel filter

Dumped riprap 1 m (3 ft) thick
on gravel layer 0.3 m (12 in.) thick

Headwater —

Rock toe
VL y, Ry g T X v 5€ S2 i /
Coarse sand /( layey silt \ Coarse sand

Impervious consolidated clay

Filter

Dumped riprap 1 m (3 ft) thick
on gravel layer 0.3 m (12 in.) thick \_ Dumped riprap 0.6 m (2 ft) thick
S on gravel layer 0.3 m (12 in.) thick

Headwater

Coarse sand £ Coarse sand

\

; ('1:1}'0\' silt ).

Coarse sand

Impervious stratum

Dumped riprap 1 m (3 ft) thick
on gravel layer 0.3 m (12 in.) thick :
Washed gravel riprap 0.6 m (2 ft) thick
~— Headwater —

Sand gravel
) Sand gravel
Impervious sandy clay
core wall (imported) Original ground

Sand gravel

Impervious rock
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parabola
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(X2+Z2)1/2 — 2p+X

A o
HNUNIITUIEUN

Ground level

ﬂ1§3!ﬂ§1u“r‘i‘}’i1!ﬁﬂ Top flow line ﬁﬁJ”I‘iﬂﬂiuﬂﬂgﬁﬂﬂu”l
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Ground level
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Ground level

) d o o
msamswwmg%u Top flow line ﬁ]N]iﬂﬂi%ﬂﬂﬁIﬂﬂﬂ]
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Ground level

Directrix
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msfSananilvasuriuveuauilszanil aunsamm
Taed1ans q amnaums

q = k.a. sin ﬁ.tan ﬁ

a1 B 1nnn1 30° azasnsedFuniiaumslvadunsnlaonns

90° 120° (150° 180°
B = Slope of discharge face




o 1A
PIIDENNTN 3.8

Determine the amount of water that seep through
this earth dam if the coefficient of permeability of this

dam is 4.0 x 10™ cm/s

% 4 d’
PIIDENNN 3.8

?; d' v d' a U Yy 1
enWi1ﬂ‘%u1mum"lmwmwauﬂumgﬂ 21A1 kK U3

WAUAMIMAY 4.0 x 107 cm/s
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IBM

1. Nagimudaaiv

2. H15282 GS FUMNU 0.3 HK = 30 m

3. 210 G aINa UV U VLHIUOU]HEIUMNY GF 142
ANTUAININ IFUAININIUAD 1AM Directrix

Directrix




4. 1A F a1a@udAanmIn uazmyuaga A, B, C uaz D 1

annudla qUUHIAY HAIMNITUAIRIN

Y <& d = v A
5. 1% F ilugagudnars meadeudall FE, EA, EB, EC
uaz ED lidadudsninane q naa 1,2, 3, 4 uaz 5

Directrix

6. 1ONABYA 1, 2, 3, 4, Haz 5 92 1AITY Top flow line

7. USuunusSniai Top flow line WUAUSLAVH HAIMINS

NAMUNEMS Hia

Directrix




angd1a N =3, N =13

NNANMI q = k. Ah(N/N)  unum azla
q =4.0x10™ x40 x (3/13) x 100 x 100

q =369 cm’/s/m

=~ Y d' v
1 (PLG) i]%ﬁl‘lfﬁﬁ»lﬂ"ﬁ q=k.S W9 S=FE=9.5m (310N133A)

UNUAT q = 4.0x 10 x 9.5 x 100 x 100

q =38.0 cm’/s/m
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9031 ANuaUvL N
90 B IMNUA A

B
FUMNY u, = Y (H, +L)
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L) 1 a d? E4
szauinlunagniinaulvigs

AN Hc ﬂu%anmwe\wﬂﬂuazmﬂ

U
A

(1NA Sand boil 1130 Piping 1a

d Al
AOIUMIMAW = u A
Bannauagluaninlaiiuag

(Quick condition) 1% INANTILQYA

(Quick sand) MazAi luuzH
v a &
(3831 MANNAATIVaAIAAS

‘ﬁnqa (Critical hydraulic gradient)




MM W=u.A 13D

[(G, + S.e)/(1 + e)] 'YW.A.L = 'Yw(Hc +L). A

- (Gs —1)/(1 +e)

130 i, = Critical hydraulic gradient

o =

ﬂ"lﬁ!ﬂﬂﬁﬂﬁ/\l"lllﬂluﬂx‘i ﬂwanﬂiuU3zamﬂu1mu

v

mﬂmumwuauummu "lf\‘iﬂ"lﬁ!ﬂﬂﬁ‘iﬂﬂTimuclu
FIINBIA unc‘oumﬂﬂlumnmﬂmmsjmmwau C‘f?\‘]

C 4

a d? o Y A a o o o
mnpavdazivilemaina Piping tazazmil

wouliaansamnuinlaluiiga




Concrete dam

Pervious soil

msIaszrianudulddlunsina Piping




msunsztinnnduld1dlunsina Piping  a1315e
NIz laviae)s

5ve9 Terzaghi & Peck

3%6116\‘1 Lane

’QJ%!GU’EN Hanza

509 Terzaghi & Peck

NMIANYIVOI Terzaghi & Peck‘W‘lJ?hmﬁlﬁﬂ Piping
aJnfnq,mﬂmummmeuiummmmm o ‘D’ITJ‘S!’J‘EMWHTI
ﬁmaﬂuwuwmmwauiﬂﬂummn’nwmmwmmmu

d d = ' a %
AININHIVDINNNAN (BHUIIMN ABCD ﬂ\‘lgﬂ

S

Concrete dam D




=

Concrete dam D

%9 5282 AB = AD/2

aauIsNIsaIvaey audumsrim i Juyeusi
w ] = v Y . v [ W ) v
aanananeunum i Ivegluslvesensiauasady (Factor
of safety) ¥inninH 3.0 a1 venasnNu91nMSINA Piping

=

Concrete dam )

FS=i/i

i, = Critical hydraulic gradient

i = f Hydraulic gradient 910 AB 94 CD




’QJ%‘U@Q Lane

210MIANIVD Lane nu i hiudounaunia iiioszazma
Tumsaurnuiingu Tomansina Piping 2rHo8ag Farh
Lane 230 Weighted creep ratio, WCR eﬁu c'fmﬁnﬁ%ﬁnn
Meunum Weighted creep ratio critical, WCR .,

42
YN A1 WCR 110N WCRCRuamiumauuu

Yaoans01nn51NA Piping

M31af 3.5 memé“m1?{'31411'1551111150%;15
WCR
N510aLIDA DI AUATNDU 8.5-7.0
=4
NTYEIU 99 nswthunais 6.0 - 5.0
ASINAZIDEA 09 YN 4.0 - 3.0
a 9 G 1 2
wunoulva 09 N0 2.5
a = T <R
AUvdeIDoY 09 1hunand

= = < = <
AU HYIUUT DN HUINUN




WCR = WCD/h,

A

o WCD = Weighted creep distance
Y < Q' d'u +'%
maﬂuumm = 3ZUSNINN ﬂllﬂ

onilunuiveu = ITUYTNIN/3

v
Y o

aninlalalvame = szazma x 2

hL = Head loss

a%ﬁllé)fl Hanza

Qddq’ Y % = QU v Aad =) 1 .
’Jﬁucl‘]i‘r‘i’é‘lﬂﬂTi!ﬂﬁl’Jﬂuﬂ‘lJ?leL!‘iﬂ UAAAA1 Hydraulic

q q v . . . Y Y
gradient (i_.) ¥39V94 Eqipotential line 2 taugang

i = Ah/d

(9.¢

FS=i/i

it
Head loss f1® Equipotential drop

3782119994 Eqipotential line 2 1augae




o 1A
P1IDENN 3.9

If the silty sand under this concrete dam has G_= 2.65 and
e = 0.60 and if the water level at the face of this dam is 5.5 m

above the ground. Determine whether this dam is safe from

piping.

o 1A
PIIVENNN 3.9

91031 FuUAUAZNBUNI UM BN, IMAD 2.65 AIDATIAIU

FOINAMNY 0.60 HAZANITAVINUTUVDUGISS  1HAT D9

A3 UANNUaANE VD UVBUIINMSINA Piping




AadA o
IBM

G,=2.65, e =0.60, H=55m

NDAUMIT i = (G, - D/(1 +e)

unUM i = (2.65 - /(1 + 0.60)

i = 1.03

75 Terzaghi & Peck

M5HA Piping 921AAN ABCD lag AB




Vv Y 'd'
911# Datum agN3z (Total head)

mﬂgﬂ azla Equipotential drop = 14 ¥9

v
v v

A931%4 Head loss/%84 = 5.5/14 = 0.39 m/¥04

AU h, = 55-039x10 = 1.6m

AW h, = 55-039x122 = 0.74m




910 i = AWL %39 i ={[(h, +h_)/2] - [(h_+h )/2]}/AD

UNUA i = {[(1.6 + 0.74)/2] — [(0 + 0)/2]}/15.0

i, = 0.078

90 FS = i/i_ unum FS = 1.03/0.078

FS = 13.2 310N 3.0

uaaadweutiasaNua1nMsIng Piping




Concrete dam

21031 WD

=EF + FG + (GH/3) + HA + AD

EFGHAD

21NMIIA UNUA WCD =18.7 + 15.3 + 29.0/3 + 12.2 + 15.0

EFGHAD

WCD = 70.9

EFGHAD




Concrete dam

F

9031 WCD_ ., =EF +2FA + AD

NMIIA UNUAI WCD,_ = 18.7 +2 x 29.1 +15.0

WCD = 91.9

EFAD

NNaUNT WCR = WCD/h UM WCR = 70.9/5.5 = 12.89

210 M9 3.5 NHNTVANAZNBUNTIY WCR_, = 8.5 7.0

4
U v

d' dwd Y a . o
PANHU wauumﬂaeﬂﬂﬂmnmimﬂ Piping




93% Hanza

91031 ¥135282324191aY Equipotential line 2 1@Ugame

91031 328255190 Equipotential line 2 taugaMe = 7.8 m

= Ah/d unum i = 0.39/7.8 = 0.05

1N i
ex it

it
90 FS = i/i_ unum FS = 1.03/0.05

FS = 20.6 3ANN 3.0

4 2 o A
uaaaN WwouHUaeaNB1nM5INA Piping
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ANUAUIIN (Total stress)

H,, Y,  Soil#l

H,,Y, Soil#

Soil #1

A4

M nYeIAUNN VYUY

iu‘kﬂ‘ﬂ AB mmm‘uumuﬂﬁum
ﬂ‘t!‘]i'l«ﬂ’l | ﬁ’JNﬂ‘Ulﬂﬁuﬂﬂl@Q‘lﬁJ

4
U

ﬂ‘H‘]ﬁ—!‘VI 2
W + W

AB 1 2

W, =Y -HA+Y H.A

AIHUANMAUNTZUIU AB
MHY W, /A

A
WAB/A= 'Yl'Hl 7 'Ysat'HZ 130

A
G = Y1‘H1 = YSat'HZ 179

C=22HY,

O = Total stress
Y. = Unit weight

Hi = Thickness




anAulszansea (Effective stress)

R 1'% o = 4 a A
Terzaghi "lﬂmwumqygmmmmmuﬂizaﬂﬁwa

(Theory of effective stress) “?T\‘Whﬁ G]ﬁ!ﬁﬂfﬁlﬂﬂ

a\ | | (Y v Y Y T A Y (Y
AU IFUNIIOAAIAIULAILALDNYIVOINY
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031l M anwduilszansna (') fszinu a-a Ao

G' = [P,(V) + P,() + P, (") +...P (I/A’

A
14O

P (v),P,(v),..P (v) = usaluuulAaues P, P, ...P

1, 2, (XYY} n

4 U

A a g PR,
A = NHNHKHINAVDIAHNINUA




Y q v v » A A v U o
ﬂflﬂ as = a, + a, + a3 + ... a ANHY NHNHBHUINOUDIUN
| Y (4 % :lJ X A < 14

Gl‘l!'i%‘l«!"l‘l] a-a ZIMNU A — a PINUY %Q!Tﬂﬂ!ﬂ‘l«!ﬁﬁlﬂ]’i‘lﬂ

cA'=0' A"+ u@ -a)

#35® O =0+ u(-a)

4
130
u = ANUAHINTI (Pore water pressure)

’ ’
a = al/A
S S




v :’J A
as' A teeann asiuaumsdnaadu o = o' + u 1Ie

O'=0-u

msmmanuaudszanswa

U

1um3IA Effective stress @131308UINIHINAIH

® NINAUINAINIEIN
=~ T ?)’
5 NIAINNMT lavesin

= < & o
u ﬂﬁmmi‘lﬁammmmm

~ = o
u ﬂimms"lﬁamuawmm

A A 'Q' v Y 3’
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nsalluamMs laveaii

Total stress (@ = 2, H.Y.
i=1 1 di

MA, C=H.),
(Qﬂ B’ o) HI'YW i HZ'Ysat

?ﬂ C’ G = HI'YW+Z'Ysat

Valve (Closed)

v v
nsal M lviave i

Total stress

Valve (Closed)




=\ | V| ?)'
nsalluamMs laveaii

Pore water pressure u = H.Y
WA, u=H.Y
99 B, u =, + H)Y,

WMC, u= (H1 + Z)'YW

Valve (Closed)

v v
nsal M lviave i

Pore water pressure_

Valve (Closed)




=\ | V| ?)'
nsalluamMs laveaii

Effective stress O '=0-u

A, G =H.Y -H.Y, =0

?ﬂ B’ G' = Hl"Yw+ HZ'Ysat- (Hl 7 HZ)YW

- HZ'Ysat B HZ"YW - H2'Ysub

WC, 0 =HY, +zY,,-(H +2Y,

- Z"Ysat B Z'Yw - Z"Ysub

Valve (Closed)

v v
nsal M lviave i

Effective stress

Valve (Closed)
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Pore water pressure_ Effective stress

= < & o
ﬂimm'i"lﬁamumummm

Total stress @ = Z H.Y.

WA, G=HY,
c‘gﬂ B’ ) Hl"Yw i H2°'Ysat

c‘gﬂ G G = Hl"Yw+Z"Ysat

Valve (Open)




~ < = o
ﬂimmﬁ‘lﬁammummm

Total stress

Valve (Open)

= < & o
ﬂimmi"lmmumummm

Pore water pressure u = H.'YW
WA, u=H.Y
W B, u =(H, +H,+h)Y

WC, u=H +z+ i.z)’YW

Valve (Open)




~ < = o
ﬂimms‘lﬂammummm

Pore water pressure_

H,+2z+i2)Y,

(H,+H,+hyY,

Valve (Open)

= < X o
ﬂimm’i"lﬁammmmmm
Effective stress O =0 -u

A, G =H.Y -H.Y =0

W B, 0 =H.Y +H.Y, - (H +H+WY,

- HZ'Ysat B HZ'YW B h'Yw
- HZ"Ysub B h"YW

9 C, 0 =H,Y, +2zY -H +z+iz)Y,

Valve (Open) - Z'Ysat- Z"Yw- i'Z'YW= Z"Ysub ) i'Z"Yw




~ < = o
ﬂiﬂ!ﬂ1§l1‘lf‘iﬁ°‘lfwll‘la!"ljﬂﬁu1

Effective stress

Valve (Open)

= < & o
ﬂimm'i"lﬁamumummm

Pore water pressure_ Effective stress

HZ'Ysub - h'Yw

(H+ H + hYY,,




Tuv19nI UM IBFNVUVD9122911 1Y Effective  stress 190U

d \)
gue viseinnwanla 9 @A C) zy_ -izy =0 W30

ic - Ysub/YW

A
14O

i = Critical hydraulic gradient
C

= = o
ﬂimmi"lﬁammwmm

Total stress @@ = 2 H’Y
i=1 101

ci;ﬂ A, o) Hl"Yw

q;ﬂ Ba (o) H]'yw T HZ"Ysat

c‘gﬂ G G = Hl"Yw+Z"Ysat

Valve (Open)




~ = °
ﬂiﬂ!ﬂ1§1ﬁﬁ°’“3~lﬂx‘ﬁlﬂx‘iu1

Total stress

Valve (Open)

Pore water pressure
WA, u=H.Y
9A B, u =(H, + H,- h)Y_

WC, u=(H +z- i.z)’YW

Valve (Open)




~ = °
ﬂiﬂ!ﬂ1§1ﬂﬁ°’“3~la\‘iﬂjﬂx‘iu1

Pore water pressure_

B Hl "Yw

H,+z-iz)Y

(H,+ H,-h)yY

Valve (Open)

= = °
ﬂiﬂ!ﬂ1§l‘!ﬁamuﬂx‘16\l@ﬁu1
: r

Effective stress O = O - u

WA, G =H.Y -H.Y =0

7 B, 0-’ - HI'YW+ HZ'Ysat- (Hl +H,- thw

- H2'Ysat B HZ'YW = h'Yw
- HZ'Ysub i th

9 C, 0 =H,Y +2zY_-(H +z-iz)y,

Valve (Open)

= z.'Ysat- Z.'YW+ i.Z.’YW= z.’Ysub+ i.z.’YW




~ = °
ﬂiﬂ!ﬂ1§1ﬁﬁ”ﬁ3~lﬂx‘ﬁlﬂx‘iu1

Effective stress

HZ'Ysuh =7 h'Yw

Valve (Open)

= = o
ﬂimmi"lﬁammwmm

Pore water pressure_ Effective stress

(H,+ H,- by,
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Bishop lauuzinaumsamsummanuaulssansna
dd'a ha' v Y g
lunsainanlaisudinleii

G'=GCG-u +Y(u,-u)

=
1310
Y = manjina
u = ANNAUYBIDIMATUTDII

u = ANNAUINTS

® Drained test

40 60 80

Degree of saturation, S (%)




ANNAUINI VMO INNAMWANIANS

u = -S.Y,.h/100

ANUAUINT

STAUANNBINAININ I UUSNUMNIAN3, %

o 1 A
PIIDEINNT 4.1

Determine total stress, pore water pressure and effective

stress of this soils.

Y...=122.4 pef Y. = 122.4 pef




o 1 A
PIIDEINNT 4.1

IHIAT ANNAUIIN ANNAHIWTI HAZ ANIAY

Uszantwa vosdu 3 nsainagl

Y, = 1224 pef Y., = 122.4 pef

auNAIH HUIBINHINUEM = 62.4 pef




Y. = 122.4 pef

O = 122.4x 15 = 1836 psf

u =624 x 15 = 936 psf

o' = 1836 - 936 = 900 psf

aa
NItUN 1

Total stress Pore water pressure_ Effective stress

1836 psf




Yo = 1224 pef

O = 624x5 = 312 psf
u =624 x 5 = 312 psf

O’ = 312 - 312 = 0 psf

2w
nwaud-d

O = 624x5+1224x15= 2148 psf

u =624 x 20 = 1248 psf
Yoo = 1224 pef

O’ = 2148 - 1248 = 900 psf




Pore water pressure_ Effective stress

1248 psf

2148 psf

Y =102.4 pcf

N o
ncAlc—c

O =1024x5 = 512 psf

512 -0 = 512 psf




102.4 x5+ 122.4x10= 1736 psf

u =624 x 10 = 624 psf

G’ = 17368 - 624 = 1112 psf

Pore water pressure_ Effective stress

1736 psf

1112 psf




Total stress

Ground leve_l b

Pore water pressure

Ground leve_l RN




Effective stress

Ground leve_l b

Ground leve_l RN

Y =102.4 pcf
~

Yo = 1224 pef

Total stress

Pore water pressure

Effective stress
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d' = : % o d'a a : C% ' dq' Y 4
IHONHINUNNINITNINHINY umuﬂmam%mwdlﬁ

= 'y

a Yo Y v d! d! Y Ao v A
ﬂuwagmn‘lé’f’lmummmuauﬁm BINNNAHUNTINEYND

ANAUIUIUIAG (Vertical stress)

1 . = Ay ld'a = aa A
N1INIAT Vertical stress NURA1EID UANHENUN 2 A5 NO

@ Boussinesq’s method

@ Approximate solution

Boussinesq’s method

Joseph Boussinesq (1842 — 1929) Whninadinamanivi
W3asa

TAuuzai13smMsrInAUIY Infinite elastic half space

Y9Nz iniuga (Point load) NEIvRIYaq 111 a.a.

%4

1885 Ing lallaimitsdanamaninve s Taativ

Q




ANPAFIUVRIIAG
A\ Elastic material

A Homogeneous and isotropics

A\ Unlimited depth

v d' . Y o Y A UA % Y

Jaai Boussinesq 1911 UA13 AnuaniiAnd1gny
Homogeneous clay  deposit #9311 1#n 1511 IMNA 1IN
Aanaalszanm 25 %

<Y A q
Boussinesq 3215 1#annN153nN 3124 Iae

V" Y

Vv ti v YV v "\ A o U o
Tviganeglnanuusnaunininnszim

d' y 4 4
2z AAIANMAUGS Tuvaznganina

pon luanuAuazanasliisos q awilu

v d

d 2
AHENdUHUA




P, Point load

Ground surface

Stress distribution

lunrveu

Stress distribution

lununag

P, Point load

Ground surface




P, Point load
Ground surface

MHUNUUY Point load “
P = Point load N¥ivenilu

o Y} a U d
WUy Y Haau, doua,
Alansw, Au

Ground surface

AC =3.P.212. T + ]

Ac, =1 P2’




.0001

Al

WHUNUUY Infinite line load 2 A o o~
P = YMHUDNDIZTNT KUY

lﬂ‘l—!‘lj1“r‘iﬁﬂ/ﬂ31uﬂ13!‘l¥‘i—!

Hadunuas, deuania,

R NanSNANAT, AUINAT

AGZ =2.P.2/[TU(Z + x*)]

Ac =1 _.pn







MHUNUUY Infinite strip load

q = NHEPNNIEZM rive

Ground surface

[ 2’ U &’ :i' v a\

Wurivdn/anun 1wy 147
Y [

au/misiunng, doua/
M3191A

AG = q[OL + sin OL.cos(OL +2 O)I/TC




Brick Facing Patlen_

Main Block

Base Block — Dranags Pipe

Sand basec
aji i i = L) i




ﬁWi‘f!Jﬂ!!‘U‘l_l Embankment load

B IS S
—L q = NHIDNNIZIN Wrine
c:.’ g’ Y4 &’ Ci ' a
Ground surface Wuivdn/anun 1w 47

h

J

au/miIsianas, daua/
M319%A

AG =qIf} + x.QUA) + [2(A + B - /R I/TC







MUY Uniformly loaded circular area

o Y

q = HHNNNIEH UrHe

< :’ (¥} &’ d' L} =\
WU HIn/NUN 1FY 1672

J

au/misivang, daua/
M319%A

AG =ql1 - 111+ R

U.S. Navy lada
s MKsSUriIAN

y ' o
iuNAa1e q Tagly

auNI

AGZ =1.q
A
¥A13

I = Influence value

(depth ir

w0







MUY Uniformly loaded rectangular area

Ground surface

r s

A
4o

I = Influence value
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Determine the vertical stress at point X 10 meters under

the ground level due to these 3 point loads.
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© Immediate settlement ———p Elastic deformation

©) Primary settlement =—————p (Consolidation ***

® Secondary settlement ==——p  Plastic deformation
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Compression index, C_
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® Immediate settlement ————p FElastic deformation
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e, =V, /V. H30 V. =e.V
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= VVl + Vs PNHU V1 = Vs(l + el)
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