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Oe W juaad & milal e 2aml jall FUGY) A0 Ad e Say AL k) 026 JMA (Hey
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S =K. ACT®# (3¢

Where
S = Swell potential
K= constant=3.6x107°
ACT = the activity = (p. 1) / (c—n)
C = the percentage of clay size
P. I = plasticity index
n = the percentage of clay size for zero plasticity index

Lapbll 0yl 5=n
icllb Vo ll10=n
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( Liquid Limit method ) &gl 23 43y )k -2

$=375+10"*# L. 12658
Where:
L. L = Liquid Limit

S = Swell potential

da 0 Op A JAA e 450 Caal (Seed et al. , 1962 ) Jlalll A6 LS

(1-2)a,dses

'Deére_e of e;b;nsion : Swell potentiél -
0-15  Low )
15—§ Medium
5-125 High
> 25 Very high -

(USBR method) 4383 5a¥) 73uaicl) 4ia Alslas -3
ot 4ad giall ALY LG LIS e Uas ) 43 )b ( Holtz and Gibbs, 1954 ) = s
caigalll Hoie ¢ 4y jall o gall (5 gina ) CBlalas SO0 a4 53l
ool Ofialll Lein LS 4y 5kl a3g] 3 gaall slial Guall Jgaall gy (( GEaSSY) 2a
Jalia 73503 38 M oailall jall FUEY) o gad il e Saie Yy
( disturbed sample )

(2-2 )i ,dsns

o0t mm ks | BEA S | s | PR
>28 | >35 <11 > 30
13-20 24-41 7-12 20-30
___13-23 - 15-28 10-16 10-30
>15 <18 >15 <10 |

(1.0 psi ) 2,38 (52 5ec Jas e sadina CliLI*
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S=60=*k=* (P.)**

Where:
S = Swell potential
P. I = plasticity index
K = constant = 3.6 * 107>

%( 65 — 8 ) O z ' 5 bl G <l il 3 gase Adlaall 038 (Baakai Jlas O
LG i (Ko ) AUV (o gad xS o sadinally Ailaddl o3 e Tldie)
iJ gl g8 e ge LSy il j0 aa )l I AV e ol

(3-2)dodses

Plasticity index ) _ Swell potential
0-15 Low
10~ 35 B - Medium
[ ___20-55 __ High
35 and above Very high
11




( Chen method ) o 443k -5
GBRY) pasd il Agdl s e Gl Ll Cils 5o sl b ( Chen ) 2aic!
a3 g slisl Jsaalls 200 435 Jade (e 5odall Lkl o gl duiy el
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(4 -2 )a,dss

Laboratory and field test Probable
. Swelling
. N expansion Degree of
% passing pressure :
L L Blows / | percent total 2 expansion
# 200 kn/m
o ft volume change _ I
> 95 >60 | >30 ~>10 - >957.6 Very high
60-95 |40-60 | 20-30 3-10 239.4-957.6 High |
. 30-60 |30-40| 10-20 1-5  |143.6-2394 | Medium
<30 <30 | <10 | <1 47.88 Low

Ziall GaYY el FUEY) Gasd x5 e dlaie YU 4lilas gy ( Chen ) o6 LS
BL.LJ‘L:E..\ALAS_’rL:- 155.1..“15,1&.1!&,1)3]10‘

S = B.GA(PJ)

Where:

S = Swell potential
A =0.0838
B =0.2558
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P.V.C i Eategory ]
<2 Non — critical
2—4 Marginal ~
- 4-6 ~ Critical
>6 _ Very critical
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o WS (SI) eSSV e

SP=B=*(SI)P
DO e
FUiY! s (SP
116.3 =GB
LSV yii5e :S)
1.17 olaie SuB :P

20 sl a3 &) S i 0 (Say QY] 530 ol e siie) 8

13

I-=-




Bl

( Salas and Serratosa method ) L gl jsay (¥l aay b -8
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Q\aiu:\

(42ste 4 ) LS Hi5e = S

( Nayak and Christensen method ) (piic S5 Ll 433 )k -10
S sadly Skl (s gialy iglll 33e o aded Ade Alkae (1971) ol \a a8l
b LS 5 dua i o 40 A SV 5k I

SP =229+ 1072 (P )45 C/mi + 6.38

Ol Cus
gl ji5e -1 Pl
subll g giaall - C

4 gia A€ SN o gha )l (5 giaall -2 mi
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AN Jacdll
wfdgﬂfél.aﬁj

elalabs e (7)Bae Oa( VS pans ) Adhaie e dgisha 4y il 73503 331 5
:\,J‘:I“S@“:I:H‘LL\SLS}LQ.}‘Q*;!).!M‘QLAP-H‘

Specific gravity (1-3)d,dss

Wbw = Mass of pycnometer + water (grams) | 133.29 1133.57 | 133.62 | 133.72 |

Temperature (c) 33 27 20 13

G.S.

Temperature (C)
s O
L
e

11.|:|o:....,....,.,,.,....,.r,.,T
133.2 1333 1334 1335 1336 133.7
Wbw (gm)
(1-3)p,d8
(2 - 3)dsdes
l Specimen number w T
Pycnometer bottle number 654
WS = Mass of dry soil (grams) 10
Whbws = Mass of pycnometer + dry soil + water (grams) 139.78 23
Wbw = Mass of pycnometer + water (grams) 133.56 23
GT 0.9976 23
Specific gravity ( GS ) 2.64

15
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ATTERBERG LIMITS DETERMINATION

1- Liquid limit determination

(3-3)d,dss

Wt. of tin (gm) 26.8 235 226 26.7
Wt. of wet soil +tin (gm) 50 53.8 46.4 534
Wt. of dry soil + tin  (gm) 41 41.9 37 42.5
No. of blows 41 35 29 22
Wt. of water (gm) 9 11.9 9.4 10.9
Wt. of dry soil (gm) 14.2 184 14.4 15.8
Water content % 63.4 647 65.3 | 69
L- LI
68.84 -
Et" 67.34 ]
| -
s 65.84 -
o~ j °
i :
64.34 -
62.84 - , : —
10.0 100.0
NO. of Blows [Blow]
(2-3)d 0
2- Plastic limit determination ( 4 -3 ), Js>
Wt.oftin (gm) 27.1
Wt. of wet soil +tin (gm) 70.3
Wt. of dry soil +tin  (gm) 61.2
Wt. of water (gm) 9.1 o
Wt. of dry soil (gm) 34.1 Liquid limit = 67.5%
Water content % 26.7

16

Plastic limit = 26.7 %
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( 10% Bentonite by wt. ) e 5555 Al 4rivasll 4 1 Sla pas
(10% Bentonite) 4xs e (5 siss 4pnplall 4guball 43 3l (e 73 308 ainal &
Specific gravity (5 -3)d,ds
Wbw = Mass of pycnor;m:ter + water _{gram;}_ 132.92 132.94 | 133.13 133.18 |
Temperature (¢c) 29 | 26 | 19 | 14
G.S.
30 -
a."’o ] o
€
il
1.‘50 ]
»
B e
650
R &
4B T e
A2 T T T
1329 1329 133.0 133.0 133.1 1331 133.2
Wbw (gm)
(3 -3 ), dss
(6 -3 ) dses
l‘ Specimen number w T
Pycnometer bottle number 371
WS = Mass of dry soil (grams) 10
Wbws = Mass of pycnometer + dry soil + water (grams) 139.29 22
Wbw = Mass of pycnometer + water (grams) 133.05 22
GT 0.9978 22
Specific gravity ( GS ) 2.65
18
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ATTERBERG LIMITS DETERMINATION

1- Liquid limit determination

(7- 3)dsds

Wt. of tin ~ (gm)| 259 26.7 24.6 25.9 29.3
Wt. of wet soil + tin  (gm) 45.5 44.6 50.9 50.3 56.4
Wt. of dry soil + tin _(gm) 37.3 37 396 39.7 443
No. of blows 44 39 33 27 16
Wt. of water gm)| 82 7.6 11.3 10.6 12.1
Wt. of dry soil (gm) 11.4 10.3 15 13.8 15
Water content % | 7193 | 7379 7533 | 7681 | 807
L- L-
81.58
] "
79.825
S :
78.07
E 7&32-: b
: ‘.
g 74.56 \
: -
72.81
; .
71-0‘ T LJ T T T Ll T
10.0 100.0

NO. of Blows (Blow)

(4-3)48,0

2- Plastic limit determination (8 - 3 ) &, Js>

Wt. of tin (gm) 28.6

Wt. of wet soil + tin  (gm) 58.6

Wt. of dry soil + tin  (gm) 52

Wt. of water ~ (gm) | 6.6

Wt. of dry soil (gm)| 234
Water content % 28.2

19

Liquid limit =77.4 %

Plastic limit = 28.2 %
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( 20% Bentonite by wt. ) e 553 Al 5 4eivanll 42 )il Sla pas
( 20% Bentonite) 4 e s sisg skl 4l 43 Sl e 73 gai aaial 2
Specific gravity (9 -3 )d,dse
Wbw = Mass of pycnometer + water (grams) | 132.92 | 132.94 | 133.13 | 13 18 |
| Temperature (c) 29 26 19 14
G.S.
‘50‘60 3 -
0 7
R T
z“’p ‘
3 .
= «ﬁ'go ]
P
i [
¢.w L LA L | e | L L I LIS J T LA | L LR & LI | ¥ L L mr T T v ] L
A* 1329 1329 133.0 133.0 1331 1331 133.2
Wbw (gm)
(5- 3)p,0
(10 - 3 )ad,des
Specimen number w T
Pycnometer bottle number 371
WS = Mass of dry soil (grams) 10
Wbws = Mass of pycnometer + dry soil + water (grams) 139.45 21
Wbw = Mass of pycnometer + water (grams) 133.06 21
' GT 0.9980 21
Specific gravity ( GS ) 276
21
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ATTERBERG LIMITS DETERMINATION

1- Liquid limit determination

W. of tin

(11 -3 )dsdses

(gm) 26.7 25.9 289 | 292
Wt. of wet soil + tin  (gm) 1 50 45 2_ 51.9 49.1 —
Wt. of dry soil + tin  (gm) 391 358 40.5 38.3
No. of blows 48 37 - 25 17
Wt. of water (gm) 10.9 9.4 114 10.8
Wt. of dry soil (gm) 12.4 9.9_ 11.6 9.1
Water content % o 87.9 94.95 98.28 118.68
L. L -
121.76
.
115.60 -
g ]
109.45 -
g 103.29 -
97.13- d
) &
90.98 -
®
84.82 . . e
10.0 100.0

NO. of Blows (Blow)

(6 -3 )a8,d8

2- Plastic limit determination (12 - 3) &, Js>

Wt. of tin (gm) 29.5
Wt. of wet soil +tin  (gm) 72
Wt. of dry soil + tin _ (gm) - 63
wt. of water (gm) 9
Wt. of dry soil (gm) 335
Water content %  26.9

22

Liquid limit = 104.8 %

Plastic limit = 26.9 %
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ailise (§ yhay 4y yill ALY aaall Gl

Jhaie (aSal o 5301 Jarazall 4l dsil )3 yill ALY daaia iy jad (S

330 o)) il 13gd Sy el elall Jgem o) Aagis &y i) 3 Jualal) Flasy)
LEUBY) bas (8 45 )l e Taldiel (5 Al el

Bk M (e JS) aniiadl § 4pnpkall G ill ALBY) Jaduall (b A

T X

( Free swell method ) _al) Ui 43y 5k -)
DRl Gl FUEVL Al a5 elall pe el 5 4 5l 2353 40 Hlall 028
[.3.}.}_)..1343&1&.‘.1 g 9 gas CJ_,A.I.“ o\ Sl Axd g C.)}.u.“ Q_h: m‘u.}la o_,é
i yag A3y Hhall a3 8 ALY ks ¢ Jlaal) ALl 55k e sl deaal

( Constant volume method )<ulll aaal) 43y b -¥
C;‘.).n.'l.“ e Jaall juas ddaul g &Gégq}uc.)}aﬂl Paaig)]n.“ PRV o
ALY baall g migaill e 5aW ) jiall el g aalall Cuzdl LIS

( Loaded swell method ) Jasall FUiN) 44y )b v
adlide ko s SO0 zilad GO0 adis 4 il 28 & ALY laaall
U 4iledll Aail) o) alyy Jlea¥) oda Ll cand FUEYL L) e
_).Lan :Lq.i.l CUEJY‘ die Jan.all R LA.}.:._; Jaliiall ‘_.5_\}&!.“ Lar sl U‘“ 44_.1.“

(ULY) aaall Jiay g3l

oasdll zigal yuaal
PRV thldlg’_::;:.k}a;ﬂ|cﬁyj_)9éaﬁ%j(mng )@Judil;?i_\iiu'l'al_l ®
-4alal)
Diameter =7.5 (cm)
Height =19 (cm)
Area =44.18 cm?
dgianall 4alall 50 @ﬁéuﬂwdﬁqﬂaﬂa, 1.5 cm :Ml&m;y‘
als e J.‘n_'.qscs,‘m odaal & daddiiall ddladl 44 5l 5y Claa A3 @
t b WS (1.6gm/cm3 ) b laie 4k
cm? 66.268 =4\ * 1.5 * 7.5% = il aaa
106 gm = 66.268 X 1.6 = paaiwall 4y 5l ;54
e Al lea) o o dginedl adlall Jabs 40 e 106 gm g k@
1.5 cm o e gl&S )l Je Jganlly C.L_..Jl 4 il 3a3 Jal e Slldy e
Zisadl pulay ol a3 (1.6 gm/ cm3 ) W jlaie aila ) S e Jgeaaldl Ul
. uaadll ags Jal
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( Free swell method ) 4 yhas 4sashall 45 jill ALY laauall (8

(13 -3 )ad,dses

water content % 4.83

wet density gm/ cm? 1.6 ]
dry density gm/cm? 1.53

wt. applied on specimen (gm) 17336

area of specimen cm?® 44.18

Swell pressure gm/cm?* 392

Swell pressure (KN/m?) 39.2

(10% Bentonite ) e ¢ 53a3 Al 5 apelilaal¥) 4 il ALY baall a8
( Free swell method ) 43 )k

(14 - 3)d,ds

water content % 4.35
wet density gm/cm? 1.6
dry density gm/cm? 153
wt. applied on specimen (gm) 41250
areaof specimen  em® | 44.18 )
Swell pressure gm/ cm? 933.7
Swell pressure (KN/m?) 93.37

(20% Bentonite ) e s siad Al g aelilaall 4 jill AUGY) il Gl
( Free swell method ) 4% )k

(15 -3 )dods

water content % 4
wet density gm/cm? 1.6
dry density gm/cm? 1.54
wt. applied on specimen (gm) 100650
area of specimen cm? 44.18
Swell pressure gm/cm?® 2278
Swell pressure (KN/ m?) 227.8
25




( Constant volume method ) 4 sk 4sabll 45 il ALY Ll Ll

(16 - 3)pd,dps

| water content % 4.72 ]
wet density gm/ cm? 16 il
dry density gm/cm? | - 1.53
wt. applied on specimen (gm) 16390
area of specimen ) cm? 44.18
Swell pressure gm/ cm? 37 N
Swell pressure (KN/m?) - 371

(10% Bentonite ) e 533 Al 5 Apclibhial) 4y 51l AWGY) bauall L8
( Constant volume method ) 43 )k

(17 - 3)dodss

water content % 4.37
wet density gm/ cm? 16
dry density gm/cm? 1.53
wt. applied on specimen (gm) 40260
area of specimen . cm? 44.18
Swell pressure gm/ cm? 911.3
Swell pressure (KN/ m?) 91.13

(20% Bentonite ) e 5 5ia3 Al g 4pelilaa¥l 4y il ALSY) Laall uld
( Constant volume method ) 4% ks

(18 -3 ) dss

| water content % I 4.1
wet density ) gm/ cm? 16
dry density gm/cm? 1.54
wt. applied on specimen (gm) 29040
area of specimen cm? 44.18
Swell pressure gm/cm? __ ~ 657.3
Swell pressure (KN/m?) | 65.73 )
26
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Gauge

( Loaded swell method ) 45 s 4sanball 40 all _Alay) laaall s

(19 -3 )a,dss

_gauge_ o 415 344 85— o -50 :
Load (gm ) 0 1000 3000 4000
m r
- . (20 -3 )psdps
s -
] Load (gm) 36960
- Area (cm?) 44.18
] > Swell pressure (gm/ cm?) | 836.6
] Swell pressure (KN/m?) | 83.66
¥
] -
- ‘-—Fﬁﬁ—r—r vvvvvv —r T T . —
00 ™3 1466.7 2000 23333 36667 44000
Load (gm)
(7 -3 ), 08

(10% Bentonite ) e 5533 Al 5 aselilaall 4 il ALGY! laaall uld
( Loaded swell method ) 43 )k

(21 - 3)Ad,dse

gauge 570 362 100 -5

Load (gm ) 0 2000 4000 5000

“?.ﬂl-
uz.n-: (22 - 3)dsds
397.60

9 -
282.60 Load (gm) 50413

] Area (cm?) 44.18
167.50 3 -

] . Swell pressure (gm/ cm?) 1141
62.60 Swell pressure (KN/ m?) 114.1
B S S —— ‘ +—

0.0 916.7 18333 27600 36667 46833 66000

Load (gm)
(8-3 ),

27
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(20% Bentonite ) (e s sia3 Al g aclilaal) 4 il ALSY) laauall uld =
( Loaded swell method ) 43 )k
(23-3)4d,ds q
| gauge 732 | s26 | 309 | 289 | 49 _
Load (gm ) 2000 4000 5000 7000 9000
_—
m.né 2 (24 - 3)&A de =
53617 . Load (gm) 101368 |
$ i Area (cm?) 44.18 -
5 . Swell pressure (gm/ cm?) | 2294.4
et + Swell pressure (KN/ m?) 229.44
137.47 —
o] _a
10000 10000.0
Load (gm) .
(9-3 )4, dka -
-
E
—
|
q
|
g
i
-
|
7
28 '
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SN el Tkl 335 (I ga5 4l B il A 25 -1 1
(Al 4 il ALE e 2y 55 Gl i) 30l )
—_—
by ( Free swell method ) 4Wk FULY) bia 8 o) -2
FUBY) Jars (el Laiy 44 )lie iS5 ael ( Constant volume method ) 1
O Halls 45 jlia L 4adl yo il5 dae’ ( Loaded swell method ) 4% ks
- oSl -
( Constant volume method) s ( Free swell method ) 4% )b o) L -3 -
sS) (Free swell method ) 4w kb aladiul Juady ¢ 4 )lihe 0l laad |
_Jaa.“gﬁ&_)u\njdg.-ﬂl -
<l il ol s ( Liquid limit) 4 sad) aa Gasd 25 4 Hlie SIS e -4
BY-UIP oy T il PR RY PYRALIREN 1
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1 — Chen F.H. 1975 Foundation on Expansive Soils
Amsterdam .

2 — Adlall & 535 5 phe ¢ 4Rl 4 il (WS (3 5k g Clallas an
() ol ae sland )
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