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Soil Summary
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5.1.1 Introduction
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5.1.2 Grain - Size Distribution
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2. lneli38mnmenau (Hydrometer analysis)
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N\ (GST)VW\E

where D = diameter of the soil particle
G, = specific gravity of soil solids
1] = viscosity of water
Y., = unit weight of water

L = effective length

t=time
5.1.3 Size Limits for Soils

Swanerjsdnadaaiufinenenaiamunuazyfiles size imits § i gravel, sand,
silt, uaz clay Tmﬂl%ﬁugmmm grain size flanglufu mnasdl 5.1.1 uans size limits 7
wizunlae American Association of State Highway Transportation Officials (AASHTO)
way the Unified Soil Classification systems (Corps of Engineers, Department of the

Army, and Bureau of Reclamation)
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An3197 5.1.1 Soil — Separate Size Limits

Classification system Grain size (mm)

Unilied Gravel; 75 mm to 4.75 mm
Sand: 4.75 mm to 0.075 mm
Silt and clay (fines): <(.075 mm
AASHTO Gravel: 75 mm to 2 mm
Sand: 2 mm to 0.05 mm
Silt: 0.05 mm to 0.002 mm
Clay: <0.002 mm

5.1.4 Weight — Volume Relationships
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(b} Unsaturated soi

Volume Weight

Weight
W, L 0

i “V(ﬂ = ﬂjGﬂ"’Yﬂ’
“ir.i‘ = CJTH-‘

Note:V,, = wG, = 5S¢

51l 5.1.1 Weight — Volume Relationships

a1ngl# 5.1.1 Mlfsansnsefirsziimananiifsicaediuls lnesglids
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ANTHANAUD A

AuFURUTIaIUwn (Weight relationship)

1.1 1Funetinluiss (water or Moisture Content)
W= w, x100

W

Taeialy 1B inaan@uasiidiagszwdne 0 - 100 %
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2. AnNANRUSa9UFN RS (Volumetric relationship)

2.1 apsdaudasdna(Void ratio),e

[ 1 9
Toevialiuda snadoudesinalupuililefunuuiduiauaualug (bulky -
=l J [ 1 F =, :linl Ag = ] =4 [3 -1
shaped) arfiFAndrdnsdautesinluauiiiiienuLuuuiurTaINAnLaNT
(flaky — shaped)

2.2 A9INNIU (porosity), T

V, +V, 1+e

A

Tnevialuuds aorunguluaniidideruiuuiduiausuialng (bulky - shaped) az

Ad =
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HAAnndagndantesdinlufuiiitleunuuiiuukuizeindsanc(flaky -
shaped)

2.3 AUAMNENG (Degree of Saturation), S
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S = 0 % \leRuRRa s uAuTaLLF (Oven - dry soit)
S = 100 % HleRuRRan s TuRuTB RN (Saturated soil)
3. panduiusszuinetminfuBunms (Weight — volume relationship)
3.1 AMHMIILLY (Density), P

P=M= M, +M

VoV VY,
| & = 2 =
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3.1.1 Dry density, Py AB ANNTWMUUA % w = 0
3.1.2 Wet or Moist density, P, A2 ATNUUILULT % w = w

3.1.3 Saturated density, P, A8 ANNIBILULN % V, = V,
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3.2 miaemmin (Unit weight),Y
Y=Pg
utlamauanazanduteduld 3 uuude
321 Dry Unit weight Y.,
Yary = We

Vs

3.22 Wetor Moisture Bulk Dry Unit weight, Y-

Vo= W+ W, =W (1+W, /W)= W1 +w)

\A V; N7
3.2.3 Saturated Unit weight, ¥,

Yo= W+ W, =W (1 +W, /W) =WJ(1+w)

Vi Vi Vi

3.3 AnuEaLnIvaednnu (Specific Gravity of Solid Particles),G,

VS’YW VS p W

A1319% 5.1.2 Specific Gravity of Some Soils

Type of Soil G,
Quartz sand 2.64-2.66
Siit 2.67-2.73
Clay : 270-2.9
Chalk 2.60-2.75
Loess 2.65-2.73

Peat 1.30-1.9




A9797 5.1.3 Typical Void Ratio, Moisture Content, and Dry Unit Weight for Some Soil
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Natural moisture

content in Dry unit weight, Y«
Void ratio saturated candition

Type of sail 8 (%) (kN/m?} {ib/id)
Loose uniform sand 0.8 30 14.5 02
Dense uniform sand 0.45 16 18 115
Loose angular-grained silty sand 0.65 25 16 102
Dense anpular-grained silty sand 0.4 15 19 120
Stiff clay 0.6 21 17 108
Sott clay 0.9-1.4 30-50 11.5-14.5 73-92
Loess 0.9 25 135 86
Soft organic clay 2.5-32 90-120 6-8 38-51
Glacial till 0.3 10 21 134

5.1.5 Relative Density

B

r o

densfty“ﬂw'ﬂ Pl
D®)= e —-e x100

r max

€ax ~ Cmin

where e, = void ratio of the soil in the loosest state
e, = Vvoid ratic in the densest state
e = in situ void ratio
Tngein e, anunsownlfenndieslfifinas

i 13
LWBANANI BAUNFONNAN relative density aInKAuNI4 dry unit weight TARSH
D{%) i Yotming % 100
yd(max) - yd(min) }/d

where }, = in situ dry unit weight

WFUANATWAN granular soils NFUABARRIUAUNAZAWUALTUAY refative

Yomag = dry unitweight in the densest state; that is, when the void ratio is ¢,

Yormim = dry unit weight in the foosest state; that is, when the void ratio is e,
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M13197 5.1.4 Denseness of a Granular Soil

Relative density, D,{%)  Dascription

0--20 Very loose
20-40 Loose
40-60 Medivm
60-80 . Dense
80-100 Very dense

5.1.6 Atterberg Limits

= a = = o e ol o 8
mu‘W'JﬂLﬁmﬂzLﬂﬂﬂIﬂﬂLﬂqumuL“uﬂq 'a::uﬂmﬁu‘umﬂmﬂﬂmummuuwuﬂﬂ

LTl

Lufiu wararuauih luAuasiaudrAtysiaaniun naesiy insizazin linues luanin

' s ] = =d b N di =i %l’ nl! Ag L |
A9 LY Auenafignnunmiuzesnas (Liguid state) iaiiuininaunseiailefud
anmuzadngaansaadu ldarunsonsgiledld uaslialfunnunanasduiasian mdy
wanedin (Plastic state) ddnmasmilgamaunsaduiuglineliinelnaldunniie uaziiia
Piunnanssdn Autazdanuniniudagieaeds (Semi - solid state) 151z tadh
gsherldenn dnflseaunnia auluiigraraiaawnnduzads (Solid state) e
Pnasitiassnniieliifiiees BunsnidluaaudsanuninsiepesfiuiEand)

Atterberg’s Limits tAun

[} ' ' 1
=i =K = =

1. Liquid Limit (LL) A U5unadtin luAunastamuidul@suaniunanaing e sanaqn iy

q

nargmnviseRaLBnanniitee igaTauausolualdldfeaunmingaiues

t
=

2. Plastic Limit(PL) Aa UFunadin lupuiiasdenudufeuaninainnarasniduiss

9

=

o o - ) ¥ o = = A g =l
Neresnds WreaaFunoniidesigannuaiusngnasaiudunan Jawsdu

ugudnand 3.2 uu. (1/8 W) 1Hlaeliiifinsaeunniiia

'
o = =

v ! i 1 1
3. Shrinnkage Limit(SL) Aa Wunnsnluduiiqpdmuduilaausaiunmaindanis

saeudaiiuanuds ieReFunahaniigadeduddiasiinimgeydeudnde i

9

1 @ Lre, o =4
Ll iR adwTaamFuImsa



20

Semiliquid
state Increase of
' moisture content

Semisolid Plastic
state state

|
j

Volume of the k /

soil-water I
mixture I ¢

l SL YPL

~ Moisture
~ content

__._E____

7104 5.1.2 Definition of Atterberg limits

A1TW 5.1.5 Typical Liquid and Plastic Limits for Some Clay Minerails and Soils

Desgription Liquid limit Plastic limit
Kaolinite | 35-100 25-35
THite 50-100 30-60
Montmorillonite 100-800 50-100
Boston Blue clay 40 20
Chicago clay 60 20
Louisiana clay 75 25
London clay 66 27
(Cambridge clay 39 21
Montana clay 52 18
Mississippi gumbo 95 32

Loessial soils in north and northwest China 25-35 15-20




FanH

21

5.1.7 Soil Classification

AASHTO
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A9797 5.1.6 N1ILUNARAINTELUU AASHTO
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5.1.13 Unconfined Compression Test
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