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American Society for Testing and Materials:

ASTM - D 2216 -71
Standard Test Method for Laboratory Determination of Moisture Content
of Soil

ASTM - D 854 -92

Standard Test Method for Determination of Specific Gravity of Soil
ASTM - D 4318 -93

Standard Test Method for Aterbirg Limits

ASTM - D 698 -91

Standard Test Method for Laboratory Compaction Characteristics of
Soils

ASTM - D 6276— 99a

Standard Test Method for Using PH to Estimate the Soil-Lime Properties
Requirement for Soil Stabilization

ASTM - D 4972 - 01

Standard Test Method for PH of Soil

ASTM - D 4829- 95

Standard Test Method for Expansion Index of Soils.
ASTM - D 4546- 96

Standard Test Method for One - Dimensional Swell or Settlement
Potential of Cohesive Soils.

ASTM - D 2487- 06

Standard Practice for Classification of Soils for Engineering Purposes
(Unified Soil Classification System).
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Aggll el Jaria Gk (e B3 JSI (o)) gl

Phal I sy 5355 Aplomall Tl b Gaifiye Gyglh dag b B85 Sy el ligd oY
Aoy sy aalis, el Joli i€ sy Lad o iy apial) bl o
34 A Ay g i U)oy Sl (ol a5 Al



Lae lpmny (e Al Zu5l Glua hayy P& e 43500 Flocculation (- jiaall) aal)
Pozzolanic ) 4y jsdl edlelall of ) )Lay) jasy 5. dgloarl) L5 46 ) son
ALk dyie) 3558 YA Lagy® A5l Alie salyy LV gas 5 <l Adagije (Reaction
Jola s iany GlIL ehals e Ll Gald daawd of ¢+ Al galsh Sy w
mhu e sile sasmpd) Ui Jan apuadlSl Clele (o datial) o sadl&l) ciligsl
e b Allall PH Zed 0 golill Jaugll el e seluy 5, dyloasll eVl
U sl Biay KN Adandsy dyylasll gl (el Jaed gly, (oS 5 sl )
Fadl Ll 4L pmias, eldl Balisd) Ll LB Gmias , Al mess )
(- sl 5l AL G, A5l U (peal

Al k) L) o QS Leiallae A (e Al ity daly 0 LAl i w
asendl &l ilinagl) Sl i ) A ysll e il e dsalll Jyghall sadll e
sagasall lud) 5 e ) pe Gl (e paiall o sndl€l) Jeliy Lavie elld 5 4Ll
. Agladdl A5l

i 5 Gl e asie S Jeat 38 Alsha sadd yaien of oSa Jl Y555 Je i) )
Axiipe PH 2ad 5 lagase (alS Aol

Jisill &, Gatll Adae S dagell Hledll Jals DA (e GalSIG Al cnd )
s Q) edels o) LAYy Jels Cipmg el ae S Jelis ) Al
Jie Ll Clialse & Ayysh Chaist Gigaal 53555 de ju Gt Jiilly CGaanll Cllae g
ol ol ae (Nghsall deliill sy Ly, Jdill 4 &palll 5 Lazazall o dalial)
) S sasasall agial¥ly bl jealic s QS o Jelii Cigan (pauliy (558 JS&
e 3ol ) gam W aY) Aahl) slpally LSl e Adlide gl 2 ) ) (sa5s
Chacl) e g

CDlelal) PA (e Gl ) Gl Lavie Ll 3 Gy b sty gadl oSa
: aalll ey )Y Al
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(1) Cation exchange
Ca™ +Clay > Ca™*Clay+(Na*,K*) (1)

(2) Flocculation/Agglomaration
(3) Carbonation

Ca(OH), +C0, - CaCO,+H,0 0)
(4) Pozzolanic reactions

Ca™™ +2(0H) +§i0, - CSH (3)
Ca™ +2(0H)" + 41,0, - C4H 4)

Al dalaall 5 jliarll il # sty Adag el Agaead) ligl) o A1 Jalall Gy
LlyeSl culiadll AES Joawd I g3% A Y], asanall€l) 3l (g Rdelias Al
A ehal) a5, Aplaarll Glpall JiS5y aaad ) 28 AN 5 jlasll Gl Jsa
- I Lgiallae s dg)liaall A5l dpuxigll Galsdll daass e puli] IS Jgpdl)
a8 (gubad IS8 gl a5 el ge Giant el & Ayl eDlelall
clelill A 0p8 wY) Akl Adbesl A8kl chsall oly ¢ Al el
Ale Aabas Ay QS8 aaliy 4 A hall c Wil Cigan Gl o 5, 25l
,obadll e asialV) s sSlidl (Dladl (e 2 @A) Y1 Al Clale g Ay lal)
oy ebsad) sl & Basmsall asndU Gl ae Jelin Aaidl LSl sdag
4Ll asudlSY i gll 5 Calcium Silicate Hydrate (CSH) dslal) a s I i\l
Gaat g Gaill ae GLSHall 38 sl Sua Calcium Aluminate Hydrate (CAH)
Jelon W, lgudsii 4 ity alll o Gyl daglie salys Jlaad) digal & s
s Loy alse i A A G ge e sed Sl e )

il Pha e Lilia) Dl WLy A5l () Aglee Gl aligh 4l dalles e iy
- Aagsall A5l e el Lpaliaial da i€ (Kl saeey ailal)
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DBy glaal) Agal o AU el Giaay (ulSl) aligh A Adn o

s sl Galal) Cigan w

Can iy asanallSl) e Lo (<08 Alapnal) 2350 (e e lad) Gatiay pspndlSH 20l o
deldll cua elldy 1,32 Jn slall aabiaial Jara o6S5, Gl s> 4ans 2k
) (glesl

Ca0 + H,0 - Ca(OH), + 15.6Kcal/mol
Molecular 56 18 74
weight
Specific 3.3 1 2.2
gravity
Weight 1 0.32 1.32 1.3 s pabuaia¥) Jara
ratio
Apparent 1 1.06 2 G (Algs &Y
volume

D sd) Jala)

A aganalllll @by a4 Al Glisd @b 8 jlasll Glpad LAl ~ghalll )
assdl Sl Sl Ld dad dlasll Gyl Zshau 8 JEL 5 Catt dmge cliad
lgiitie 33y Limmy Lgummy e Jlimad) )y Lol (505 Las aspedl€l) el 3 53 5a5all
ol e

D AN e edlelant)

03 GlS e lgie mibg Aol il ALy Ozpa S10; ae Je il i o uudlSl i) ()
JaleS Jany 5 Cigl) pa (oily (€I 25l 8 di QS (o e Sld, Ayl il (e
giilia (pe s 4l el

: (Lime Stabilization ) (wISIb 438 sl 3,k —5-2-2
Al dadand) il et JgY) ety Cpend () QS AR Gaeat B ands
L Apll Lk duE 4d . 5 Shallow  Soil  Improvement

. Lime Mixture Technique
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A48 4 o0ty 5 Deep Soil Improvement 4, 5ll dsweal) liaal) Gaad SBI audlly
.Lime Pile Technique i Lime Column Technique (Sl ( saecl) 2l
Ll e abla 5 Gl mm Gph g ), il sanl ol S A i
Gl g danfia chlugi cllaty 44,k s34 3 DMM : Deep Column Mixing Method
% 50m (50-30) wlSl 5l i Jiay 2y, Linsl il o3y dmiadic dpdle <SS
5 oIl Sl A e Bia Bl b A Bkl LW 5, m (30) s Lbee Jumy
(Lime Columns) B (Drill  hole lime piles) et xlaia

. (Chemical lime piles) s

ol) FlY) mdan ) gan oS ol A alasaud b Al cluhal codl
Lsall) cld gl b Agalll Aigd (s, AAlY) Ayloaall gl b FlinY) Lk
sandl gl laacall e dyleard) 4550 daglia 3ol s, dddlall

P Al @l Al quladl) g adddieal) (sl £48 -6-2-2

Labaaiad g 150 ST T Y1, (2) o) Jsaall damse Gl (e Al 1l ded Sllia

liny by Ca(OH)2 sl clsle 5 CAO all LI o dylomal)l Ll Gyl
- adll Jlad) Ca0 gpatad) all G Liariid

High-calcium quicklime
Dolomitic quicklime CaO + MgO
Hydrated high-calcium lime Ca(OH)2
Normal hydrated dolomitic lime Ca(OH)2+MgO
Pressure —hydrated dolomitic lime Ca(OH)2+Mg(OH)2

ouls) g1l aaf (2) A Jsan
wink 5 5 Al laal <G o sles Aladlae QS adlie e ulS) Ll
o Al BleY) Aafae bl atit & 5, hae Criand) Jana (3 S diada pladiuly
Gl ada 5 aaa Alee olial JSAl) gy il aige (S8 5 Akl
38 AU 4 jlad 4y 8 FULY) biua g 4Bl (addil 4y g Sal) ulsl) 205 gf dllad



s Gland) Jara gﬁ guaniy sl cah (21) 8 Jei

- osahall Al Sl (22) &) Jed

p Aasiional] QS Al Sleassl) Judail) 4503
aslall A0S 8 Ll ad 3 Gl 8 axdtiall Gl Al Sl dilad elal
colial (3) ady Jsaally dam se giliilly (e daala B
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cdad) B i) gl ) Al Alasl) Julasl) il
(Bdiad Aaala — a glal) A4S - pliat) Al
oS yall dilasl) Arsal) A gial) Asudl)
KTV 9
A gadlSl) il g3 S CaCO:s % 0.182

ety pstal) A0S B e Lassl) e b (ISl Al el Jiladl il (3) o) Jsaa

Dlssd At O Gty 5 GalS) LSl Al NV aleall 3 Sl Jalail) 3 alassialy
s A o) s 2 % 68.73 aadl b Aexiiudl all G die o sull)
sl dne o g lae, % 71.43 ols %100 48 o S Lo G asull)

LA Al Aie o ) deadid) o ullS)
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» "o % NS - —
M\Q‘M\NM\Q&@M‘ 30 9 4y glall Al
Ca0 — Cas? + ()2
56 40
)
84.80 Ca s Ca+? = 60.57% e
4 Allay)
3 -
] CalOH)}: — Ca* + 2(0H)" Aobe
R 40 @ ,
% 14.97 Ca+ Cas = 8.00% ¢+ Ca2=68.73%
B CaCOs —» Ca+? + CO:+ O
- 40 Y
0.182 Ca+ Ca+ = 0.07% ﬂ*" j;ﬂ
............................ uﬁa:eum
O
34 CO — Ca 2 A Q2 %100 &
.‘%j, 56 40 @
100 Ca 4 Ca+* = 71.43% Ca-*=71.43%

PoalSll A6V D) Ay s

Aamse il 5 (Bdied Aaalas LSS pal) atigl) ands 5l ke b Auatl s3a cupal

L) Ay ASGa

) e 5 il 8
A jlasd) il e dmaye Ay 3-2
: dadie 1-3-2

Jisi s alladl e sae ehal 4 Aala) dplasll Gl aslgs

Lo say Lhghy 3ab) ae aasll i€t ool Cus, Ayghayll st olad Lghloa Aa
O B e sysahadl o lele samea) clindl e 8l i Guls ) o
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sl b LS pal) gutiga legalsn ) Ao bl ST (pe saaly F L) palle e
oda o savivell cliall dadgia Lyl A0l Ga) e il Jaisdl jladll Gy
il e gl

Glaall g5is daaSy Akl i leaal Buse Jalse Lalady) 50 Flaw) ol oSy
Goladl) Laxaal) laia , Lol dalall Z80SH , duady of dpnsda Dyl pgi, Ayl 8 Ay liaal
dapll 5 andl€ LalEN) e Mgl ds

Olaldl a8 8 cdoungdl cliial e saad el daleny) Al Gl
GVl 8 Al A5l e Aaslll Aysidl )waYl A4S (1973 - Jones and Holtz)
Glladl g Cund S ¥l G Gsty 1as, § ke /3.2 /sy saaial
CllSs o Epaall i) 5l L Aadine daa)Y) ey Dnansal) Caalgally yualeVls
Josi 38 (o, Jaghady bl chlas, 3y, Al ) ddbsall el e luaYl el
-8k /9/ s

(oo Opaiial) dbhia ) 4oy AL Al A jlasdl il W 1) ) (23) ad) Ji
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Lalay) dploaal) Ll pe Jalaall Lalaindy legud <Y1 daplall (6 JLead) Godatll 3
o3 (gsda Miniy ¢ Aalin) e Liwsa Dyfi adgal) 8 il e g eV oda Jlasialy ()68
el Jlasind ) z6a3 eV Jal ed ¢ digpaall Al cllasey Daglpa o dayhl)

Lol gana ey Calasale 06 @b b Ayl e 0

Cailggl&l) ), sl saiigal) & dpylarll CN D e daal SV Cile genall )
il sa Cungllysaiisall o) Apshll 4l Cld dgpaal) asial¥) Sl e Ble (& 5
sl Lol call Jalse (pa sale iy gas Lalinl) Ayl JSlie alies Jiay 3

£5 e Jualall Flay) jlaie adingy ealinl ) a5 o lall 4l 5l alaial o
AL Ssall (e 5 gimay s Jolall ey Lo sasmsall dpliaad) <Vl S
Al Alaal) Al oLy yeSU

R Py g-°' aglad) il agag 2-3-2

O, Apysadl Aypal) dyyseand) 8 Jaiil 50 Aaylill Limslsanll Aclall Al iy Canesy

i, Laglsm Gl Gan s bl saae Bhlie 8 dnn dy)lasll Gyl
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Al ¢ a3l ¢ Gl ¢ Aygial) Lppend) ALl 3 Whaas Ladlas Leels g0,
(o) BN (saly Allaie ¢ sall pass Jlad G Aa))

e luay Agabiad) dpaal <, Agiiieg Ay Sleld il 8 dyliadl) Gleagill o
¥y Shasyolly Sluahyandl delia 3 LS, Ailide delin el aaiins Leis<l ks
ey delia 5, iall Jilow delia b Sy, aajilly e deliag, dauall
() ¢ cunllygige ¢ canlslS ) dpliat Gl degane (e Aplimall el il
Llaal Gandly Hlaldl) 5 (g5 Jagll ol Casaglsall 5 GulSIL & s

Wsas (o8 Agylmsdl Casil) aalss (SWI olial (25) a8y JSal) ey

Lianslasall Lalal) Lcspal) — Ljgur B A jlaidl il aalgs oSlaf (25) o) Jsi
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DY) albaly 3-3-2
: Swelling Potential ¢Wisy) 43k 1-3-3-2

aad N Capeil) Haai¥) 5K Calaill ey, FLEY) A8l de e Caplad aag
Seed e 1962 e &, (Chen 1975) 4. il cayaill 5 (Seed et al - 1962)
s Wl 3)saia s Lula 8ysmne Ayl (e ilie Y dggall Al il e #lay) Qi
A skl Aadgall alaall ABESY ) A5l Gy i of 22y lldg (PSI) aals o) Jaria cal
S o) Callay Capaill 13a ), el dupad LAY AASHO U diualsal 8y 400l
LES s Al jean Jag s AdsY) Aushally Galaall Jaeatll Jasia Jia aisall Loy yd

L) Caplail) alame e cabing FlanY) A8Ual lyes Snethen o3 1984 e b
o ) Al o) e Gl 1 palyy, pdsad) 8 Agliall g il ke ely
(Rl (il pemal) Jagyd G335 (51) ies) LSS e Al paa b LD el
LAl e Aelud) Ll Al ulud) g WYY e dgie A€ Fla) Bl e g g
Gebaall biall alay Babae Joa i p L) Alls ) Apmlall 0S5 Ugtysha) gy 00

Cdsall A e
b Lalaaiad Y gl Lealan) sl ey Aalay) ) G W of agall (e
(las e, Ale | Aangie dmidia, Tas dmidie ) I Al Caiat 2 of Jladd) 13a

F LY Ala Gua e LALDY) Gl el Lasdiaal) gkl abl b Legd

: (Index Properties) ciliualgall ¢yi)81) 48,50 -A
Jsaall peasys Lealdil L Cun (e dplimall Lyl Capai] iliealsall (A8 alasind i
c ) Aal Jlie Ayl Clieal ey AailE Ll (4) G,
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TABLE 9.1 Typical Soil Properties versus Expansion Potential
Expansion Medium or Very high
potential Very low Low moderate High or critical
Clay content 0-10% 10-15% 15-25% 25-35% 35-100%
(<2 pm)
Plasticity index 0-10 10-15 15-25 25-35 =35
(see note)
Expansion index test 0-20 21-50 5190 91-130 >130
HUD criteria — 0-10 10-20 20-30 =30
(% swell at
a.= ] pfiﬁ
HUD criteria - 04 4-8 E-12 »12
(% swell at
a, = 60 psf)
HUD criteria - 0-2 26 6-10 =10
(% swell at
a = 144 psf)
HUD criteria — 0-0.5 0.5-1.5 1.5-3.5 >3.5
(% swell at
a = 650 psf)

£ Ly) 4l Jylie Lo cilialsa ( 4) by Ja

Dbl e Al (sgine o adiad Ll p el A8l et Laladiud Y1 cilgagill o
Agall) A e

D lzadd) Cpe Ayl ggina 1-A

0o aa Ll Glaa e Ll Al 4l e lmall e Ll gise Cajey
Sl e laass aigg Ayl & jleaall Glies dus o AT e of 0.002 mm
lalgine o ol 250 #lin) 28l yaail oDl (4) o) Jsaall aadiion &, L5l sl
bzl (e

s dggall 45, 8 2-A

e IS ola ASTM J gy, dsalll ang W) an G il Wil e 2galll 48 oy
s 4l Y. (40) a8y sieall e sl Al e Laaghal) ab Aisalll as p Algd) s
o Jsaall syl Aigall) A ol Ay el Ails Caaaall (4) a8y Jsaall aladnd
- (40) &) 5eal) (e Ll Al o e3al) Jaih gl g Ayl due JalI Asll) diyjs

e ) 13 Adgise ST ag Aol el Ails Capnatl Ligalll A e slaieV) oS
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: ( Expansive Soil Classification )4l civial cillhia 48,0k -B
laladall 38 aal 5 dplasll 45l Copal llaladie (e Agpll lin) Ala i (Ko
&
:(Seed et al 1962 ) Lhi. 1-B
L el e alaieY Aaliy) Ll # i) Al Capail Ualde Gaall) 13 sk 58l
JREN (el 8 WS ((Clay Size Particles ) jlasll Gluws (uld 5 ((Activity)
Dsaall Jiey Laiy ((Activity ) bl of dglledll JLAY Hsaall iy dum . (126) A
.0.002mm s s\ ( Clay Size Particles ) jlaaxd) cilua 3 &Y

PI

A= Al 38 iylcasd) ) il BLa f Adladll et
ClayFraction O A Sl o) Adladll et

S I I T I I l
4 — =
3 -l
2
2
o
< Very high
1 I -
Swelling potential = 25%
Swelling potential = 5%
Low Swelling potential = 1.5%
: L =
Medium
0 | I I I l | ] | 1

0 10 20 30 40 S0 60 70 80 90 10Q
Percent clay sizes (finer than 0.002 mm)

F Ly 4Bla 3hg Ayl Cisiual i (26) ad) Jsi
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:1964 ( Vander Merwe) hhis 2-B

g daladi) calliys dyyliard) 45l Capiad cilhlade (e AT SIS bl 13 Jiags
JelS b laall Ll Al |, Apalll A ) AE) DA Jelsll (e olele
(- dploarll sl Ll of Zdelall, Ll

osaall ey Cum 1964Vander Merwe Jaki obdl muagall (127 ) a8y JS&) iy
Al digall) A i JALEN enall Jie Laiy, Aol Ave Jol e sloasll Lo @Y

70 - -
3V \\\-Q
60 . c‘;\\\\{\
o 50
g c,?;l.s\ Very high
o 40
o §’ B
o)
A o
E 30 S
= High <S5 |
Med.
10 |
Low
| |

10 20 30 40 50 60 70
Clay fraction of whole sample (% < 2u)

Fly) 48U 389 433 Civiall (1964 - Vander Merwe) khia (27) a8 Jsi
: (Swelling Pressure) Wiy ks 2-3-3-2
e Aggl) Aial IV aasll e Laliall Cgllaall Jarall 4 e @) i Cigey

pebsdll A sdie maal A Jeall s AT e ol Lshayll 8 50l ) Ly
Al delead) A ) gl
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Al U e i A Jalgad)

G oosall g AN o s, el Bamy TS 5 sabea Ag)laasll Ay sl 407 ()
ClalgaY) sty Jag Lee Ayl ol lai 8 iyt (e ity lual) G il
p ol e genall & 45 p Ll dila e 5 inal) Jalsall Caiais, Led 4130
ALasl pailadl), 2l sl SHll) Flay) dgla e g A 2l palsa -]
Dldie g gyla, Lol AAUS, Ll i 5 Ay, Al gl e lall Ayl aliaia), Ll
(A Al Cum et A Gaasal) )l

dsh) ) Al Flal dole Je Sin Al clilgay) Al dal delell —a
& Ollga¥) dlla, syhall sy, Gl A, dygda)ll bt 5 Gaalall s, A
(A Gl pags caslsal) aagl), Aidad) Jlealls adgall Jag i, 35

gl olu o g Sl delgal) aal i gt 45l g5 ) AiLs) dld) Jalsall o
sl

Polarll cV i g g il

Gl TR alall oSa3 Bpulid delse (PISG Jliadll Gy il sl o
Lo dae L) Slea I gliag Al el S5l paas 5 BAlEY) Gyl
Claal) e laY) 5 CalaaSl dalie 0 Y sale ) 5 Alade o dddy laal Clelal
Jiall 8 g anll o dibide plal b el Adhas g sl e dylaasll @Vl o)
g5y S ) o adad Ll S e A8l oy, dlie IS g Gl Al
daglall | dgloarll Gl de gl Foadl Glalie i, Al & dplearll cN

S ) Al lpalid sy dpliadl) cVhadl s, (slall 5 Al 45Las)

P A Gle sane

- Al e sale <56 ( kaolinite Group ) il g5l e gaas —1

CleSaapdll 5 lllites <yl ety (Mica-like  Group) Acgese —2
By Sl sale o ¥ LS 5 Adlan) o6 o (Sayg ( Vermiculites )
Cuigllypdiieall ey (Smectite Group)  Cuieudl  Acgene —3
iplaaddl Nl laal oy € OS5 dalil <N a5 Montmorillonites
cladl o hail Luus Wy
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alids dylasl) c¥lpdl Flasl 8. ol (1969 Lamb and Whitman) s
, Carlanlil |l ca gl e e ) sl 8y (Bl 5, Jlidl g CEAL
a5, ( Kaolinite , Attapulgite , lllite , Montmorillonite ) ( <l g5l<l)
C oY) dall e g i

(sl Fa) il (e Tl (sime il =

Slo Jlmsll e A5l ggma 8l A 1981 sle EL-Sobhy and Rabba jtalll .l
Joll e US g Jbmall (g Ailide o zie o8 Cun FEEY) D 5 pliny) ol

lmall A 30l e 3 L) daiam Aa () Apay il il iy 8, il

Y Al il
Gl o adg) Ayl ,5b Al 1981 Hle EL-Sobhy and Rabba gtaldl .
Cilyshy 5 dblal) ZELSN (i ) A Clie juimad 5 Cia, FlEY) i 5 Syl
co )l il FlE] G Lo Al dla of gan 8 5, Adbas 44
Al duad A4Y) A5k

ddypll dalad) el ol

AN il Auhal jiesal 43 ehals 1981 ale EL-Sobhy and Rabba sl o
dalal) Zabsl) ) WS aaf oy, Agpll Sl daa g ey dlole e 401 Al
o) F L) g Y] daaa i Ayl A Y

HAGALEDY) il Ciydaliy aaas 4-3-2

aranatl Ll Dl ey adgiall lealin) ool Gy alany) 4 Cialy aass ¢
S A Fa e s, Led Q) e gl 13 aalgi Ay ) adlsd) b il
- Sl Gungal daally

: LALNY) il aaas 1-4-3-2

Pl (B85 8yl e s Bpilae (§yhay AN ) pass

s ayaladl gyl -

SV atl et Lalay) Gl sl syild) @bl o (Chenl1975) cuwsy

Auald Cliead Gyl o3 il , Apde st e Al (S 8 Al Yl
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) Apadall plaall e.«ﬁ b e Al dees aope naad el duilie Bale 580Y
R NNty ) U | RVREN RPN

Improved Swell Oedometer or Free Swell ol Flay) o e Ayt @
Constant Volume Swell Test Cull) anall Alay WY 405 @
Overburden Swell Test Jleal Gadsi pe ) dyyas @
Soil Suction Test elall 5l Laliaial 43ya0 @

. ( PVC ) Gslie Lyt @
Pl e @kl —a
Glle aladinly LAWY Call paail Jeatnd Ao Ghdse Jeo 5 5pall o adialg
skl ) Aplarll sall (e A5l (ssina, fouil 350n ) b Cdnall o3a aal 5 daunas
e S La Aase Bigal ol 038 shal (Sas, (ALY aa, Al GBS, AY)
- AAlEY) il B5igay ap 2D
tlganl L Led (il s Gl iy ¢ LAWY i) il 2-4-3-2
P ASeY) Basiall GV Y D) (S Ayl

gall duell Aanall ) e adiais (USBR) United States Bureau of Reclamation
ad, GBS aa, Lpalll Ay, Y Al 3 e UM (2) e s Ayl
- olial (5) ) Jsaally daa e digyhall 24y ((onatl) # V)

Qata from index tests'
Probable
Colloid content Plasticity Shrinkage expansion, Degree
percant minus Index limit parcant total ol
0.001 mm vol change expansion
> >H M >30 Very high
20-13 2541 112 2030 High
1323 15.28 1016 10-30 Medium
215 <18 >15 <10 Low

(USBR ) s Ay jil) st 48y jha (5 ) By J 9
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(USAEWES)United States Army Engineer Waterways Experiment Station
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U Mehmet Tonoz and Candan Gokceoglu and Resat Ulusay .
Ankara “ Expansive Soils — Recent Advances in Characterization
and Treatment ” . London , UK (2006) [1].
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Q Sarhan . A, (2009) , Syria , “ Kalk — Mikropfahle zur Reduzierung
des Quell — drucks bei Grundungen in Stark Quellfahigen Boden ”
Bodenverbesserung , Geotechnik Fachzeitschrift (32 (2009) Nr.4) [8]
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U Wong.P.K«<Malaysia (2001), “ Ground Improvement Case
Studies Chemical Lime Piles and Dynamic Replacement .
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ABSTRACT

Effectiveness of Micro Lime Piles to Reduce Swelling
Potential and Pressure of Expansive Clay.

Eng. Mohammad ALHAJ ", Dr. Talal AWWAD"™

ABSTRACT:

Clayey expansive soils are widespread in Syria. It has the ability to change its volume
because of a change in its water content.

Due to the negative effects of this soils on Structures , which built by using this soil as
construction material such as dams , or structures which laid on it, furthermore the
high cost of current solution used to found the structures on such type of problematic
soils, we believe that it is suitable to study a new technique for improving the
expansive characteristics of the soil by using the technique of micro lime piles.

A lot of researches studied the topic of chemical improvement by adding lime
especially through direct mixing soil with lime, while researches which deal with lime
piles are very few, even those which did, they did it in the laboratory on a laboratory
scale model .

Taking all these causes in consideration , and being the way of direct mixing lime with
soil is impossible in the case of thick and deep expansive clayey soils, all the referred
reasons make studying this topic of " effectiveness of micro lime piles to reduce
swelling potential and pressure of expansive clay " is worth doing .

This research was done on expansive clayey soil , which makes negative effects on
most of structures in the area such as cracks in the walls and ceilings.

This study is consisting of two parts, the first one is in the field , it aims to check and
know actually the effectiveness of micro lime piles technique to improve the swelling
characteristics of this expansive clayey soils. In the field part of the research, seven
micro lime piles with diameter of (10) cm and length of (6) m were installed in the
research site, and three concrete slabs were done. The first slab was laid on five micro
lime piles, while the second one was laid on only one micro lime pile; the third slab
was directly laid on the ground without micro lime piles. The elevation of these
concrete slabs was observed by an accurate (Nevo ) while the total rainfall was
increasing .

It was concluded that , the technique of micro lime piles is effective to reduce the
percent swell, swelling pressure, expansion index and plasticity index of this soil. The
expansion of soil was reduced by the effect of micro lime pile to 37% in the case of
concrete slab laid on one lime pile , while it was reduced to 42% in the case of
concrete slab laid on five lime piles, because of the overlap effect of micro lime piles
when they work as a group.

The second part of this research aims to know the spreading distance of the calcium
ions ( Ca™) i.e. the ions migration distance, and the effectiveness of lime horizontally
around the lime piles. It was digging and removing the soil around the lime pile and
showing it after about one and half year from the date of installation, it was taken
undisturbed samples on deferent distances of lime piles and on the depth of ( 0.75) m
and ( 2.5) m, in addition to one unaffected sample in these two depths at a distance of
(3) m from the lime pile .
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It was done all the laboratory tests especially swelling pressure , percent swell ,
expansion index and plasticity index , and compare the results of the lime affected
samples and unaffected ones .

It was concluded that, this technique is effective to improve the swelling
characteristics of this soil . Also it was found that the effect of lime column / pile on
the soil properties especially swelling characteristics spread to about ( 5*D ) , where
( D) represent the diameter of the lime pile , while the effective zone of lime
migration was found to be only up to (3*D ) .

The equations which correlate the values of swelling pressure , percent swell, swelling
index and plasticity index with the distance of samples from the outside surface of
lime pile were concluded . The equation of changes in the main properties of clayey
soils (include percent swell, swelling pressure, swelling index and plasticity index)
because of lime treatment are shown in the Following Table.

Mathematical Equation of Changes ( improvements) occurred on the main Soil Properties
because of Lime Pile treatment, the changes are correlated with distance from the outside

surface of lime pile which expressed with the lime pile Diameter (D ) cm

Reliability Formula of changes in the main soil properties Depth Soil Properties

(R?) because of Lime pile treatment

0.9867 PI = 0.000002D? — 0.02036D + 23.817 0.75 I .
Plasticity Index

0.9903 PI = —0.000005D? — 0.02442D + 16.927 2.5

0.9843 PS =5%10"7D? — 0.00333D + 2.21348 0.75 Swell
Percent Swe

0.9878 PS =3%1075D? + 0.00441D + 3.9059 2.5

0.9869 SP =0.000213D? + 0.006549D + 100.27 0.75 _

Swelling Pressure

0.9923 SP = 0.000124D? + 0.11564D + 125.4 2.5

0.9878 SI =0.000057D? + 0.00231D + 17.947 0.75 ! ;
Swelling Index

0.9886 SI = 0.000042D? + 0.00407D + 17501 2.5

Keywords :

Micro lime Pile , Clayey Soil , Expansive Soil , Swelling Pressure , Percent Swell ,
Expansion Index , Swelling Potential .

THE END
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