Sy Ll

da yill ddliaall Ja) gall

Index properties of soil
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Ag i) A pa g sl B AU cldall andiu
water content (~tall s giaall ;Y|
specific gravity s ¢Js 1 Wil
In - situ density 4mdgall 43U ; G
Relative density 4sswdll 435S+ b
() 294a) ol g8l) Qgaa 1 Luwald

Consistency (Atterberg) limits

Slusall aaad)l 25 68§ bl
Particle size distribution

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



: water content (Slall s giaall 1 Yl

il A Lgda £ Qg 4 all (Alal) (5 giaall Gy

)00 G ddjia Aa )l (A (A sl 1A ey oF Al
dagd aat g Cidadl) day (g A Aol YE Baad VY )

4% a9 Al 2 293 sall lall () by Alall (5 giaall
p o LaS 4y Al dlial) a5 5

5 gaiall daals ds) 3 Als 9 AN agdall) Bang TR



WY
Wi 100% W —
W, Wy

W=_—2_

W, = weight of container (sl sU¥) dalal) ¢35
W, = weight of container+ weight of wet soil
WZ = weight of container+ weight of dry soil

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



: Gy specific gravity = sl ()l @ Ll

GO39 Adad g3 ) 3all slall paa o i) ¢yl dany

() ©) Jsd) aslaa aaa &3 pycnometer

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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O 9 B pidall gl (e ABla Al e giSl) B aula gl Y
W, 4l 059 + 4dall 05

W, 0059 T (e g g sla e giSull Jagy Y

Z AN (e (g 9 Ja88 plally Slay g 48 Lay £ UY) & Ay ¢
W, oiss

A

b geaiall daaly o) )3 4l 9 AN agladl) Jan g D
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: p In -situ density (4skll) 4ad gal) 485<Y) ; WG

b Barg Lgdd (San g 4 Al dxudal) Jiad Amd gal) 48U
ity B oty wHD ol T R T s
: Ol g¥) iy plall L

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



: Sand bottle Ja_di 3@ 44 b (V)

ASBUES (g e Ja g Slad 43) gha) 4y jaill o2 (B addiid
e T ol ol alaay Adra dag i Ad) gl (dalay
LaS 4 jail) gl alig (1Y) JSd Adde dal) ail aren
(YY) JSAdG G 52

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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Jadl B8 (V1) Jed

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Cloadlnds  (D}htlpaes  (QQUEmS G0 e Ja
@dadl Lttt Bhatldedl  Gudigaed)
W, W, W, W, & dadl o Jay ol

dAJﬂSJJJGJQﬁ\&UB(\V)M
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



W=W, = W, hgaall My o2l Jall 05g Gl -

b e 43 ghal s ey Al g addiniall Ja ) 43S s - Y
= 4d) gy Moy A Ja ) $Js Vit axall da glaa

R YSand = p sand d-{)-“ Z\éus

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



phiali g AU Cpati 3 yal) a8 gal) i) Jo ABUSY o A gy Y
Wi ossaust m ol o jdal) il Lgd pana g 5 8a

5_Aall Sl g alawall zeidy g 3 dad) Ao Ja ) 43) ghac) puda g -
V4l anal o gluall 9 g 5 8al) ana crait Ja i
W=W,-W, - W, 5daldl Moy ) Jall i

.
ysand
Wsoil 4 anN s g e " R
T ABlal) (s (o8l Bang (i

|

b geaiall daaly o) )3 4l 9 AN agladl) Jan g D
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Jgaiall dzala ac) )y M) Auls (9 ASTY) axlaill) Baa g



r : Core cutter abll) Gl 43,

5 ‘j}mﬂ\uis:\igﬂ\ pAA Aalial
Al g Aghall 4y i) (e (pma a2
39 Eﬂﬁ\gﬁﬂﬁqge@\ 1A 0

_QUJ;\J\ dda g

2l ll) (VA) J8&

o
IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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By J0R0aY salagd SIS g 18 B Ll &3yt =)

5 o 33 s o Ty Zis) 35 -
_Z\AJMU sl e\éﬁu\.)

G A Al (5 gui g AdlSa (e gd g lll Jga (pa 4l ) 35 Y
(0J92 p 03] 5 Jau)

Gl pdaldl) Qll) aaa g W ol JANa 45 3l o5 9 48 jaa -

,Y S Wsoil :OA :\AGSJ‘
p =
Vcore :é‘
IBagning

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



 oveudl) Jaliualy) g Aaadl) ABUSY) ;e

Relative density and Relative compaction :

ALZAY) 4yl e da )3 el aadid P Agaeedl) A8
€, .. —€ rAdalaal) B LaS (i g
e —¢

max min

where : e__ = maximum possible void ratio

m

e .. = minimum possible void ratio

e = void ratio in natural state of soil

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



4y il Anadla g e asall gﬁw\ 48U addliud g
i g ABliAal) dpwdigl) e g pdiall 8 aladiadd ALEAY
A ol 50 i) Al ) S0 s 4l
Al SlS ) AN dpead Gl g Ayl £ g (udil )
s calaal) 8 LS (g guall] g Lidal) il 81 dpad ellis g

5 gaiall daals ds) 3 Als 9 AN agdall) Bang TR



The same e ]
yd(min)
G
e = Syw _1
Y4

5 guaial) daala de i3 kg A9 ASY) axdatl) Baa g



condition

void ratio = @ mey.

Intermediat
conditon
void ratio = e,

Densest ‘
condition, . |
void ratio = e mn \

ALEAL) 4y Al Al eVl (Y 4) Jed

b paiall daala

s )3l 4ls

(9 ASTY) anlatl) daa g



0 100
r:hm 3 b
l]}_ Relstive compaction R, % H":m "IH

- +Relative density and relative compaction concepts. fAfier K. L. Lee and A. Singh, Relative
Density and Relative Compaction, J. Soil Mech. Found. Div., ASCE, vol, 97, no. SM7, 1971.)

(eomadl) Taliiiaiy) g Appadl) ABUSY (Y 4) JS&

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



p AUl Adalealy D Apead) ABGSY (at ol LS

= yd(max) yd = yd(min)
yd B yd(max) = yd(min) |

Where ymax). Yamin) » @0d V4 are the maximum,
minimum, and natural state dry unit weight of the
soil.

D

r

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



i s 400 Adabeally Liayf oyt LaS

x100percent

-
[
[

ymin Ymax

where : = dry unit weight (or density) in

Vmin
the loosest condition
Yo — ATy unit weight in a density
condition
o = dry unit weight in the condition

In question ;
5 guaiall daala de )y 3 dds A aail) Bas g




Al es;uﬁu.gi pidiud R esdl) i) L}
9 Aol AUy ABMal) () LaS (ALEAT) 4 i) dgalinia)
(YY) SN e | el aliady)

R, = Y4 R, = Ry
Yd(max) l_Dr(l_RO)

Where: R;=v, (min) /Yq (max)

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



by Ut Ay ji5 Aaes Singh e glee (o Glallad) pad g
A i 8V A 3 G eaeadd) Jaliady) g Apuadl) 43USY) oy
: "l .r..

R,=80+0.2D,

Where : D, 1s in percent.

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



S5 G5l ALl dpadl) ABUSH a8 (lany (1-1) Jgd> g
A Al At il aa

REPRESENTATIVE VALUES OF RELATIVE DENSITY

Descriptive Relative dense Pct kN
condition % ?
Loose Less than 35 Less than 90 Less than 14
Medium 35 to 65 90 to 110 14 to 17
dense
Dense 635 to 85 110to 130 17to 20
Very dense | Greater than 85 Above 130 Above 20
5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



B el A Apdl) AU do d il) A4S (Y-T) Jgda G LaS

SOIL RELATIVE DENSITY
Term Relative Field Test
Density %
Easily penetrated with 12-mm or 1 -in.
Loose 0-30 reinforcing rod pushed by hand 2
Easily penetrated with 12-mm or % -in.
Firm 50- 75 reinforcing rod driven with 2.3 kg or 5-
ibhammer
Easily penetrated with 12-mm or 1 -in.
Dense 70 =90 reinforcing rod driven with 2.3 kg ér 5-
ibhammer
Ver Easily penetrated with 12-mm or % -in.
y 90 - 100 reinforcing rod driven with 2.3 kg or 5-
dense .
ibhammer
5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



Ol Baa g g s Al Adpudl Liall g ealiall asdl) (YaY) Jyia

TYFICAL VOID RATIOS AND UNIT WEIGHTS FOR COHESIONLESS SOILS

I “ﬂ Ea “ H'“I H e
Vold Reso [ AN
Sod - — Conamon  YeuPd  Yeupd g =
Well-graded 0.70 0.35 Su 125 140 19.5 12
fine 10 comme Dy 5 120 15 )
wand
Unform fiscte 085 0.5 Sat 120 130 19 0.5
medsum sand Dy u 110 14 17.5
Sifry sand nad 0.80 0.25 Sad 115 143 i 2.5
gruved Diry 80 130 14 17
Micactma wand 1.25 0.73 Sal 110 I3 ¥ 19.3
with wilt Diry s o5 12 15

il
D@y

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g

Ig3ining



: eaea s JBa
Example 3-1 : An undisturbed sample of fine sand is tested in the la-
boratory and found to have a dry weight of 8 b, a total volume of 0.07 fi
and a specific gmvity G, of 2.70. Other laboratory tests were performed
to detemine the maximum and minimum density for thiiand At the max-
imum density, it is determined that the void ratio is 0.35; at the minmum
density the void ratio is 0.95. Detemine the relative density of the undis-
turbed sample .

Void ratio of undisturbed sample ¢; :

=0.07f¢

_ W 2lb fr
e . — .
G Yo — (2.70) (622 pofy ~ Q0474 1P

Vo= Vr-V,=0.070-0.0474 = 0.0226 f £

=Y _ 00226 _ 5476
Vs 0.0474 £03

= Emax - _095-0476 _ i
DR = e - €min ~ 0,95 -0.53 = 079 =79 percent

Vs

Dry unit weight of soil = = 8.01b__ 115 nef
= Vr o 00768 2

In its natural condition, the soil is probably dense

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



(o 2san) Al ol Lada
Consistency (Atterberg) limits:

A5 Aaiat B a8al) 038 g JUSEAN Lo g aka iy Ayl o) g8
AN Al 380 af g8l gelgud oluall A g cilupal) da gl

. Liquid State Abilud) 4llali-

. Plastic State 4dall) Allald)-¥

. semi-solid stat 4slall 4p& Aal)-¥
. solid state 4alal) Allal)-¢

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



volume #
of soil |
(v) |—’ 5=1
i | liquid
. plastic ;| State
¥ Sopg | Semi-Solid: State
State State Water content;
; . i i -
Shrinkage  Plastic  Liquid
limit limit Limit
Gl da FHTL TS i gpat ta
8L PL.. LL
aq il ?‘ 9 (\‘ \) J&
b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g

IEaining



Zor i and Al oda ( Alaldl) 3 gaall g
: A9 Atterberg limits

Liquid limit LL 4 gl 3a -
.plastic limit PL 43gall) as -¥
.Shrinkage limit SL (alesi¥) aa ¥

S il g 4y Al el A8 S Aan) Jiad 3 gaad) oda
JaSdil) Jo dg il 5 yaka 48 ma ) AdLL) Fasial) Lghilia

A

b geaiall daaly o) )3 4l 9 AN agladl) Jan g D



: Liquid limit LL 4 gl 3a -9

Cra Ay Al) JEIT sie (oA Alall (5 giaall ga Adgaadd) aa
sdic Ala (s gina B L) g Adgalll Ala ) 4 guad) Al
(2Bl B i da glia Lgd g Al gaead) Al 8 (55 Ay 3
apparatus gl aa Slga aladiuly 45gall) aa g
(YY) B WS L

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g
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) al s

i
D@y
lgagning|

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



aal o Adlusa g 981 e LY ad G Jlgad) Jidy -0
() (BEY Al il il by g

aa) v Johay 3&N GIE) La 1) A gaadl da die 4y ) 0 60 2T

ABY YO My

N el O G L (a8 Gl (e Al ua g -V
JM&M‘MM‘&MHJ\UA& LALGAAA
(\"Y)JS“MJ Yo

5 gaiall daals ds) 3 Als 9 AN agdall) Bang TR
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- | 2mm (¢} Soilbaiore et Sollafier lest

a Hard rubber

|cr||
19337 1n)

Werlge gracving toal

A galll aa (YY) JS& it
b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g




:Plastic limit PL

Z\.\'Jém Aa -

Y

Al (e Ayl JEE saie ) Alal) g giaal) g 43 gall) aa
G855 (Ala s gina JBI ga o dalia A&l Aa 1) 45 gall
(Y Jsd) Al 4 gl saie

———————————

ol

1 H L
1 1 1
> 3y B w0

1
40

No of blows (logscale

4 gall) aa i (YV) JS&

it
D@y
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Jiﬂﬂ\@&\wéﬁoﬂ Ay il Cpa Jua slis

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



Ga A Al (a8 e &l S pudaady Lilara Adgalll s Cprg g
S1) Y JAda cpa B kel ABLat) 4G AN e aad 0 s

Aa ad i padey g ol Sl 038 (e Jlaal S g ¢ € ¢ JAda
b g ALl (g siaall Sy (ulal (5 g o Jlad) oa
Cige 28 4y ) ¢ 6<0 ctdil) Ayl e g # ol o) Chualill
caaV F il jhb S o Als Ak s ) A pall) A (pa
Adgall) an ga Adlad) oda 8 Alall W) gisa dad S
PL il cilie 530 b gie i

5 gaiall daals ds) 3 Als 9 AN adall) Bang T



:Shrinkage limit SL. (alesi¥) aa ¥

4y Al JaiS saie ) ALall . siaal) A5l (ELaSSY) Aa (d
el (s giaall ga gl Llall Al ) Aalal) Aud Adadl e

;whwhﬂ\ub\ﬁdﬁ\daﬂusﬁgﬁ\

JAda e b le Abla die ety Lilara (ELaSHY) aa g
@w\u\wmfum;ul.@iuhmj(i JMAJ‘) v
UAAMUMIAGAM\JJMMJLL e
Lgﬁuamﬂuﬂ\ i adal aaddly A3l Lagriada)
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ulm\eu

5 gaiall daals ds) 3 Als 9 AN adall) Bang T



Clad) alad s 01 )+ A4Sl e Ay a8 B Adel) Cidas
Al paa daag g Il e Adlad) 4 Al Jladi) ditad
Gash (e Gle) B e g 9ad Lag ciluaald) ana Slald 4dLal)
A Al S 8 B AL Y (a3 (e (A8 aaa dal )

- V)
S'L = Wntial 5 =
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W
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5 gecaiall daala de 3 Als S9SN addatl) Bang D




: b WS G Gl Sy S 4w (g

Wd
G, = L
Vderw — SLW -

: b WS SR GalasY) da o Gt (Say LS

Y

SR e initial

initial

5 guaial) daala de i3 kg A9 ASY) axdatl) Baa g



LaS (lasiV) Aa )3 dad o Lgha g i (e Ay ll Ll 2 g g

D
SR < 5% the soil is good
5% <SR <10% the soil is medium good
10% <SR < 15% the soil is poor
SR> 15% the soil is very poor
5 guaial) daala as 3 als (A9 AT anlall) Baa g

IEaining



Jia Jlas ) panyl daslil) 4y 3l Al ja B, SL SR iy
a3l g . slopes 4l Al Jozall g 8 _msll Al 31 3 gaud
L ALE (L) Bajadl

Tlay) AUl clBally ST, alaw) Sy g

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



s Z R dgaa O Alida Jal e -
U gaed) 3 G (3,80 92 P1 plastic index 45l ddle <

[ B W L Adgall) aag
LL-PL  PI
: LI Liquidity index 4gsd) dadle <
L1=1 - soft
L1 = 0 stiff
L1=0 45 gall) as aie 4 i)
L1=- Al Ao

dalal) dpd i Aglual) AAY) B A 1) o @u :
DS

5 gecaiall daala de 3 Als S9SN addatl) Bang D




Plasticity LL & Plasticity Index PT 4igalll (£-Y) Jgaa

Term PL Dry Strength Field test
Non Plastic 0-3 Very low Falls apart easy
Slightly 3-15 Slight Easily crushed with
plastic fingers
Medium 15-30 Medium Difficult to crush
plastic
Highly plastic | 31 or High Impossible to crush
more with fingers
b guaiall daala ds )3l anls 9 ASNY) anlail) Bas g



SL, SI pdl lighs aall il (0-Y) Jsan cham LaS

The change in potential volume (after Holtz and Gribbs)

Volume change

Shrinkage Limit,

Plasticity Index,

SL Pl
Probability low 12 or more 0-15
Probability 10-12 15-10
moderate
Probability high 0-10 30 or more
b guaiall daala ds )3l anls 9 ASNY) anlail) Bas g



40 gall) aat Wb 4y ) Ciiaali (1-1) Jga> O

Plasticity Soil charteristics Soil Typt Cohesiveness
Index, Pl bY PL
1 2 3 4
0 Non-plastic Sand Non cohesive
<1 Low-plastic Silt Partly cohesive
7-17 Medium plastic Silty clay, Cohesive
(Clayey silt)
>17 High plastic Clay Cohesive

8 s guaiall dzalsy s )3l Al SO ASNY) adalf Bang D




t mad) il gl ad) aaal) i Ladl

Grain Tests or Grain — size distribution :

cad) aaall & g0 A8 ma g Lgdy oS5 g 4y il dapb agdl
Ay ¢kl IS aa o dpd g cilpaal) U] Jady g4l g g
D G sl ) a5 5l Jas

45l alyg Sieve analysis (Addall Juladl) 1 Ag¥ <
: "' o« %o S‘

Sedimentation analysis G il Jaladll 1 408 <
dac LUl Z-,Um ?:‘:U

iR

b geaiall daaly o) )3 4l 9 AN agladl) Jan g D



JS clia) ga ddﬂ@ﬁﬂ@bw lda J gl (8 ga g
L3l a) iy A8y )k

: Sieve analysis A33all Jaladl) 1 ¥ gl
Al (Jal) o Jal 1) LAl 4 ol ARl ad) a3l
Cidad Al o) Y a3h gl (Addal) Juladl) Gk (o 4G s

O paldill o) Yo 0y 4o A Ay 3 o8 B Ay
A Al il LSS oF Lalad 4 gha

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



GOS8 al Al JAlia 4o gana A 45 31 Al )yl

J& L) &3 Jaww O g, Jida JS Ao Adiial) cilpasl)
A8 stk Jada JS (e B lall cibasl) A jlial JA sy
plall dpead (pn ABMal) Jid o Jgan B giliil) ¢ g g Alall
Gilgad) jlad Jiad Al Adadd gLl ) o) JAdal) 4B
(el Juladilly Juladl) e £ 6l 1A oy 9 4da 3 Ll

(wet analysis) <l

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g
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M@M\ﬁ \ ngﬁAQ\&ANA%J(WaSh)

ok o) Cub)deslill 4 il g (Jaug dal ) Addad) 4y Al oy
@gﬁ\ Jaliadl amy (/\Q-")c(/\-\‘) c(\/-r) Jglaadl Codd 9
alladl A Adtidal) dualal) dalaall A daddioll

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



: Sedimentation analysis e il Jaladl) ; Wil
CE das il g A88AY ciliald) Juad dllatiu) gl 4 gral ) A
Clasal) 0da Juad dulas Cuaddiivg 288 (JALN 3k

o3 gy (Cadall g cadailly) Ayl gad dua e il
dﬁ\.ué(\“ vJAa — v, 0 VS C)Adﬁ‘) das 1) Glauall
Ada g e i) Badly g elal) (S g

—_—%rz GS _VW

9 S

V ¢ (sWl) Jladl da gl & ¢ clpald) jlad Ciual i ua
Slual) a5 4

Stoke's law V

T.®

b geaiall daaly o) )3 4l 9 AN agladl) Jan g D



JAlia cilaid pludh (V=) Jsia

COMMON SIEVE TYPES AND MESH OPENING

Sieve size U.S. standard Tyler standard British standard
Designation | inches | millimeters | inches | millimeters | inches | millimeters
#4 0.187 4.76 0.185 4.70 - -

#8 0.0937 2.38 0.093 2.362 0.081 2.057
#10 0.0661 1.68 0.065 1.651 0.0661 1.676
#20 0.0331 0.84 0.0328 0.833 - -
#40 0.0106 0.42 - - - -
#60 0.0098 0.25 0.0097 0.246 0.0099 0.251
#100 0.0059 0.149 0.0058 0.147 0.0060 0.152
#200 0.0029 0.074 0.0029 0.074 0.0030 0.076
#270 0.0021 0.053 0.0021 0.053 - -
#400 0.0015 0.037 0.0015 0.0218 - -




ASTM Jalia (A-Y) Joia

STANDARD SIEVE SIZES (ASTM)!:6

Size (in.) Opf;‘f;g) Size (in.) Opf;‘f;g) Size (in.) glll’;‘;
4 100 40 0.425
3 || @ 75 4 || @ | 475 | 50 @) | 0.300
2 | () 50 8 @ | 236 | 60 | ) 0.250
1Yl e | 3715 |10 @ 2.00 | 70 0.212
1 | @ 25 16 @ | 118 | 100 @) | 0.150
2l 19 20 | (1) 0.850 | 140 | (1) 0.106
: 125 | 30 @ | 0600 |200| 1) | @ | 0.075
S| @ | 95

Grain size test”(1)A standard series for ASTM D422

(2) Alternate series for uniformly spaced points on log diameter graph




U.S. standard sieves

Sieve no. Opening size, mm
3 6.35
4 4.76
6 3.36
8 2.38
10 2.00
(4-¥) e 16 1.19
A 20 0.84
4 a1 Al 30 0.59
40 0.42
50 0.297
60 0.25
70 0.21
100 0.149
140 0.105
200 0.074
b yaid 270 0.053




Al it Jagiad) ddla ] dua
D D=2r 7 =1 a9

Vzl(Dszs—lee: D’ G-l
0. ¢ = (k00 *

IEaining
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omadl) (Say g D W pad (589 H, U1 (e B ) bl
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Some examples of soil descriptions are :

1- Dense, reddish-brown, sub angular, well
graded, gravelly SAND.

2- Firm, grey, laminated CLAY of low plasticity
with occasional silt parting 0.5-2.0 mm.
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3- Dense, brown, heterogeneous, well graded, very
silty SAND and GRAVEL with some CBBLES

Clay .

4- Stiff, brown, closely fissured CLAY of high
plasticity:
Spongy, dark brown, fibrous PEAT.
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The results of particle size analyses of four soils A,
B, C and D arc shown in Table 3.10 The results of
limit tests on soi1l D arc:

Liquid limit:
Cone penetration (mm) 15-5 18-0 19-4 22-2 249
Water content (%) 39-3 40-8 42-1 44-6 456
Plastic limit:
Water content (%) 23-9 24-3
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The fine fraction of soil C has a liquid limit of 26
and a plasticity index of 9.

(a) Determine the coefficients of uniformity and
curvature for soils A, B and C.

(b) Classify the four soils according to both the
British and Unified systems. The particle size
distribution curves arc plotted in Fig.36.
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For soils A, B and C the sizes D,,, D;, and D, are
read from the curves and the values of C, and C_
are calculated:

Soil D, D;, D¢ C e
A 0.47 3.5 16 34 1.6
B 0.23 0.30 041 1.8 0.95
C 0.003  0.042 24 800 0.25
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For soil D the liquid limit 1s obtained from Fig. 36
in which cone penetration 1s plotted against water
content The percentage water content, to the
nearest integer, corresponding to a penetration of
20 mm 1s the liquid limit and 1s 42. The plastic
limit 1s the average of the two percentage water
contents, again to the nearest integer, 1.¢. 24. The
plasticity index 1s the difference between the
liquid and plastic limits, namely 18.
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Soil A consists of 100% coarse material (76%
gravel size; 24% sand size) and 1s classified as

GW: well graded, very sandy GRAVEL.

Soil B consists of 97% coarse material (95% sand
size; 2% gravel size) and 3% fines. It 1s classified
as SPu: uniform, slightly silly, medium SAND.
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Soil C comprises 66% coarse material (41%
gravel size; 25% sand size) and 34% fines (LL =
26, PI1 =9), plotting in the CL zone on the
plasticity chart). The classification 1s GCL: very
clayey GRAVEL (clay of low)
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Percentage smaller

63mIn 100
20mn 64
3.6mm 39 100
2mm 24 98
GO0/ L 12 a0
212/ un 5 9
63/ lum 0 3
0-020 mm 0.020 mm

0.006 mm

0.002 mm

From Sedimentation test

ES sieve Particle size*Soll A  So1l B

100

sSoll C Sel D

76
63
39
54
47
34
23
14
-

100
93
69
46
31

Table 3.10
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